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Editorial

Coming of Age as an Organization: WARMTH
World Association of Radiopharmaceutical and
Molecular Therapy was inaugurated in Cartagena,
Colombia on November 7, 2009 at a glittering
ceremony, soon after the dissolution of World
Radiopharmaceutical Therapy Council (WRPTC).
WARMTH was practically an up-gradation of WRPTC.
The members of the governing body of the dissolved
WRPTC were requested to continue in the governing
body of WARMTH to achieve smooth transition
from council to a global association. WARMTH was
duly registered as an International Association in
India under the Societies Registration Act XXI 1860
(Government of Delhi) on August 25, 2010. Today,
after two and half years of its inception, WARMTH has
a total Paid Membership of 330 from all over the world,
its own constitution, own journal, and a bank account.
Our signature scienti c activity, the International
Conference on Radiopharmaceutical Therapy (ICRT),
has become an Annual Global Event and is growing
from strength to strength every year. We have held
ICRTs at Cyprus, Mongolia, India, Colombia, South
Africa, Vietnam, and Finland, covering most major
regions of the world. The last ICRT, which was held
in Levi, Finland, was a great success—probably one
of the rarest of rare occasions when an International
Congress in nuclear medicine ever held in an Arctic
environment.
World Journal of Nuclear Medicine (WJNM),
WARMTH s Of cial Journal has been making slow
but steady progress. The journal has gained enough
credibility to be considered good enough for getting
indexed in the PubMed.
Within a few years of its creation, WARMTH has
grown in stature and respect. We have been able to
forge an alliance with the Society of Nuclear Medicine
and Molecular Imaging (SNMMI) and, henceforth,
WARMTH will join SNMMI in organizing one Annual
SNMMI-WARMTH Symposium on Radionuclide
Access this article online
Quick Response Code:
Website:
www.wjnm.org
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10.4103/1450-1147.107272

therapy in conjunction with the Annual Meeting of
SNMMI.
In the research front, we are in the process of initiating
a multi-centre study on Liver Cancer Therapy using Re188 (AHDD) Lipiodol. This project has the potential to
put WARMTH at the forefront of scienti c international
organizations dealing with nuclear medicine.
WARMTH successfully held its rst real elections,
where the members voted and elected their own
Governing Body (2013 201 ) through secret ballots. The
members of the new Governing Body are as follows:
President - Prof. Richard P. Baum (Germany), Secretary
- Dr. Emerita Barrenechea (Philippines), Treasurer - Dr.
Parth S. Chaudhary (India), President Elect - Dr. Suresh
Srivastava (U.S.A.), Past President - Prof. A. K. Padhy;
and Members - Dr. Patricia Bernal Trujillo (Colombia),
Dr. Luzmaria Castaneda (Dominican Republic), Prof.
A. H. Elgazzar (Kuwait), Dr. Shazia Fatima (Pakistan),
Dr. Gopinath Gnanasegaran (U.K.), Dr. Knut Liepe
(Germany), Prof. Raihan Hussain (Bangladesh), Dr.
Mai Trong Khoa (Vietnam), Prof. J. Harvey Turner
(Australia), Prof. Irene Virgolini (Austria), Prof. N.
Watanabe (Japan), and Dr. Seyed R Zakavi (Iran).
In keeping with the rising importance as an International
Organization, the Members’ Assembly of WARMTH
voted in Levi (Finland) to appoint the outgoing founding
President Prof. A. K. Padhy as its Executive Director to
look after its administration and organization aspects.
With a lot of hard work and dedication, we have
been able to lay the foundation of WARMTH, which
promises to be a great International Organization. As
the world moves on, so does WARMTH. We in our
organization truly believe that “change” is always for
better. Changing is about moving forward for the better.
It brings in new ideas, new directions, and with it new
results. The new governing body under the leadership
of Prof. Richard Baum has taken charge from January
1, 2013. We wish the governing body great success and
hope that they will be able to take WARMTH to greater
heights with their collective wisdom and efforts.
‘Coming of age’ is a young organization’s transition from
childhood to adulthood. The age at which this transition
takes place varies, as does the nature of the transition.
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For WARMTH, this has come at the right time and in the
most appropriate manner. Today, WARMTH has all the
attributes of a credible International Organization. These
speak volumes about this new and vibrant organization’s
strength and character.

Executive Director, WARMTH,
Department of Nuclear Medicine and PET,
Singapore General Hospital, Singapore, 169608.
E-mail: ajitpadhy1@yahoo.co.uk
How to cite this article: Padhy AK. Coming of Age as an Organization:

Ajit Kumar Padhy
Editor in Chief, World Journal of Nuclear Medicine,
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WARMTH. World J Nucl Med 2013;12:1-2.
Source of Support: Nil. &RQÀLFWRI,QWHUHVW None declared.

World Journal of Nuclear Medicine/Vol 12/Supplement 1/February 2013

Editorial

Dosimetry: Does it Really Matter?
This is not meant to be a comprehensive symphony
on dosimetry but is a simple plaintive song (joining
the growing chorus worldwide) for the increasing
recognition of the importance and value of dosimetry, an
oft-neglected daughter of nuclear medicine practice, in
clinical nuclear medicine practice. I said “oft-neglected”;
perhaps, this is too strong a statement. However, there are
several reasons why dosimetry is often left behind. First,
with the advent of molecular imaging [Positron emission
tomography-computed tomography (PET/CT) Positron
emission tomography-magnetic resonance (PET/MR), and
single-photon emission computed tomography-computed
tomography (SPECT/CT)], there is much interest in
integrative imaging over the last two decades. Functional/
molecular imaging has become the glamour-boy of
nuclear medicine. Is it any wonder that more attention
is devoted to Nuclear Medicine Imaging than to
Therapeutics? Second, there is much progress towards
the understanding of basic radiobiological behavior
of tissues (and tumors) such as biological effective
dose (BED) and principles of dosimetry over the years,
leading to a much more complicated picture of dosimetry.
This means that learning dosimetry requires extra hard
work. Third, there is always a dearth of time, especially
in a busy clinical department, and often some things have
to give way to the pressing concerns of clinical service.
Fourth, there is a lack of trained personnel who knows
how to make dosimetry work correctly, and better still,
personnel with a facility to innovate and discover new
things in this area. More importantly, there seems to be a
relative lack of literature-reported evidence on the value
of dosimetry and a general skepticism, whether dosimetry
really matters when empiric evidence is available.
Traditionally, dosimetry is required for regulatory
approval of new radiopharmaceuticals, to calculate
patient-based activity for patient safety and to optimize
planning of administered activity and post-therapy
veri cation of absorbed doses.
Large chunks of our current nuclear medicine practice
use empiric evidence for activity estimation. The result
Access this article online
Quick Response Code:
Website:
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of this is that it is a well-known fact that for some
common radiopharmaceutical therapies, there is a
wide range of internally absorbed doses delivered to
various organs. For example, for the most common
therapeutic procedure in nuclear medicine practice
worldwide, I-131 thyroidal ablation, absorbed doses
can range from 7–3500 Gy in one report[1] and 1.2 to
540 Gy in another.[2] Put in a very crude way, this is
akin to giving patients anything from 35–17,500 mg of
paracetamol per administration for fever! Of course,
this is an exaggeration: The majority of absorbed doses
would lie within an appropriate dose range, but the
variation is wide.
“Unfortunately, unlike the universal agreement
regarding the importance and need for characterizational
dosimetry in drug development, dosimetry generally
is not used to guide radionuclide therapy, despite the
substantial efforts to develop and standardize internal
dose methods. There is currently no consensus within
the scienti c community on the utility of predictive
dosimetry, and regulatory agencies do not require its
use for determining a treatment activity prescription,
because they believe there is a little evidence indicating
that dosimetry is predictive of either toxicity or
response as compared with simpler administration
methods (administered activity or activity adjusted
for body mass or surface area),” wrote Michael Stabin,
Robert Sharkey, and Jeffry Siegel in the RADAR
Commentary: Evolution and current status of dosimetry
in Nuclear Medicine.[3]
We as part of the radionuclide therapy community
may not be taking a sufficiently proactive role in
coupling absorbed dose or BED with other important
patient-speci c pre-therapy variables in making decisions
regarding administration of radiopharmaceuticals.
Nonetheless, we are thankful that some of our colleagues
have been actively spearheading various initiatives in
clinical dosimetry. Perhaps as a community of Nuclear
Medicine Physicians, we can look into how we may
encourage:
1. Better and more widespread use of dosimetry in
nuclear therapeutics.
2. More training in dosimetry for nuclear medicine
physicians and more exposure to dosimetric
principles in Nuclear Medicine training programmes.
3. More consensus development of dosimetric practice
and collaboration worldwide.
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4. More stringent expectations for publications dealing
with nuclear therapeutics.
5. More accessible software for use in dosimetric
calculations.
6. More research directed at the intricate interactions
between dose and other patient variables, leading to
better understanding of nuclear medicine radiobiology
and its effects on cellular biology and disease.
It is time to consolidate — to put more dosimetric data
into our routine therapeutics. I cannot end this editorial
without thinking of a quotation from famed Lord Kelvin,
Physicist and Scientist, who said in 1883: “I often say
that when you can measure what you are speaking
about, and express it in numbers, you know something
about it; but when you cannot express it in numbers,
your knowledge is of a meager and unsatisfactory kind.
It may be the beginning of knowledge, but you have
scarcely, in your thoughts, advanced to the stage of
science, whatever the matter may be” (Popular Lectures
Vol. I, p. 73).

4

David Chee-Eng Ng
Senior Consultant, Department of Nuclear Medicine and
PET, Singapore General Hospital, Singapore
E-mail: david.ng.c.e@sgh.com.sg
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Book Review

Theranostics, Gallium-68, and Other
Radionuclides: A Pathway to Personalized
Diagnosis and Treatment: Proceedings
of the 1st World Congress on Gallium-68
and Peptide Receptor Targeted Radiation
Therapy, Bad Berka, Germany, June 2010
Editors: R.P. Baum, F. Rosch
Publisher: Springer, Heidelberg
Recent Results in Cancer Research Vol. 194,
Year 2012
ISBN: 978-3-642-27993-5

The general themes of this book (Theranostics and
peptide receptor targeted radiotherapy) derive from
evolving successes in the use of generator-produced
gallium-68 (68Ga) for molecular imaging of disease. The
chapters contributed represent an excellent synopsis of
the scienti c developments presented at the 1st World
Congress on Gallium-68 and Peptide Receptor Targeted
Radiation Therapy (June, 2010), which attracted over 300
investigators (from over 50 countries) to Bad Berka,
Germany for the scienti c event.
The use of 68Ga for molecular imaging of disease
has seen a remarkable increase over the last several
years. Applications for 68 Ga positron emission
tomography (PET) are emerging across a broad
spectrum of diagnostic imaging challenges, including
cancer, cardiovascular disease, infection, and
in ammation. The increase in enthusiasm for 68Ga
use can be ascribed to several factors, including:
Superiority in achievable image quality compared to
other gamma-emitting radionuclides (e.g., indium-111),
nuclear decay characteristics (i.e., half-life and positron
emission branching ratio) that are considered favorable
Access this article online
Quick Response Code:

Website:
www.wjnm.org

for clinical molecular imaging, and the potential
for on-demand production via the introduction of
maturing-competitive generator and uid handling
technologies that are now capable of providing
reliable, high-purity, on-demand 68Ga precursor in
suf cient quantities for routine radiopharmaceutical
production in the absence of cyclotron operations.
These characteristics promise an increasing role
for 68Ga as a tool for the design of compounds that
have both diagnostic and therapeutic attributes (i.e.,
Theranostics).
The book is organized into four sections: Part I details
the history of 68Ga generators and highlights recent
advances in radiochemistry, generator technology, and
uid handling systems that provide the basis to advance
new 68Ga (and compounds labeled with therapeutic
radionuclides, such as lutetium-177, 177Lu) to clinical
application for patient care; Part II provides a broad
review of the potential for 68Ga and peptide receptor
targeted molecular imaging and radiotherapy through
contributions, highlighting the potential of 68Ga for
labeling of peptides, small molecules, nanoparticles,
antibodies, and af bodies; Part III focuses on clinical
molecular imaging applications for 68Ga, with a heavy
focus on the success of radiolabeled peptides targeted
to the somatostatin subtype II receptor for imaging of
neuroendocrine tumors, but also includes an interesting
application for 68Ga for lung perfusion imaging; Part
IV provides excellent contributions highlighting recent
success in Peptide receptor radionuclide therapy (PRRT)
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for neuroendocrine tumors (NET) using 177Lu and
includes Dosimetry contributions that can provide
researchers with excellent background materials needed
to consider the introduction of new radiolabeled peptides
for PRRT and diagnostic imaging.
This book is an excellent resource for investigators
interested in gaining a detailed understanding of the

6

state-of-the-art 68Ga and PRRT-based Theranostics for
preclinical and emerging clinical applications.

Michael K. Schultz
Department of Radiology, The University of Iowa,
Iowa City, IA 52246, USA
E-mail: michael-schultz@uiowa.edu
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ABSTRACTS
2nd World Congress
On
Ga-68 (Generators and Novel Radiopharmaceuticals),
Molecular Imaging (PET/CT), Targeted Radionuclide
Therapy and Dosimetry:
On the Way to Personalized Medicine
This supplementary issue of World Journal of Nuclear Medicine contains most of the abstracts of the scienti c lectures
and presentations of the 2nd World Congress on Ga-68 (Generators and Novel Radiopharmaceuticals), Molecular
Imaging (PET/CT), Targeted Radionuclide Therapy and Dosimetry: On the Way to Personalized Medicine . The
abstracts have been edited and formatted to the extent considered necessary for readers’ assistance. The views
expressed/implied and the general style adopted remains however, the responsibility of the authors.

Ajit Kumar Padhy
Editor in Chief, WJNM
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Abstracts of Invited Lectures
S-001

Ge/68Ga Generators and 68Ga
Radiopharmaceutical Chemistry on
Their Way into a New Century

68

Frank Rösch
Institute of Nuclear Chemistry, University of Mainz,
Fritz-Strassmann-Weg 2, D-55128 Mainz, Germany
Ga faces a renaissance initiated by the development of
new 68Ge/68Ga radionuclide generators, sophisticated
68
Ga radiopharmaceuticals, pre-clinical research, and
state-of-the-art clincial diagnoses via Positron emission
tomography - computed tomography (PET/CT). A new
type of 68Ge/68Ga generator became commercially available
in the rst years of the 21st century, with eluates based
on hydrochloric acid. These generators provided cationic
68
Ga instead of “inert” 68Ga-complexes, and opened new
pathways of MeIII-based radiopharmaceutical chemistry.
The last decade has seen a 68Ga rush. Increasing interest in
generator-based 68Ga radiopharmaceuteicals in diagnostic
applications has been accompanied by its potential use in
the context of diease treatment planning, made possible
by the inherent option expressed by THERNAOSTICS.
However, widespread acceptance and clinical application
requires optimization of 68Ge/68Ga generators, both from
chemical and regulatory perspectives.
68

S-002

PET Tracers: Pros and Cons for Ga-68
Hans-Jürgen Wester
Pharmaceutical Radiochemistry, Technische Universität,
München
Ga-68-labeled radiopharmaceuticals have gained growing
interest, and they play an increasing role in Nuclear
Medicine. Due to simple complexation chemistry, the
production of Ga-68 tracers is straight forward, can easily
be automated and performed in a kit like manner without
the separation of excess precursor. Thanks to the long
half-life of Ge-68, the available generator systems can
deliver Ga-68 for a period of several months often only
limited by an increasing breakthrough of Ge-68 over time.
Thus, some fundamental prerequisites are ful lled that
could enable to establish a technetium-99m (Tc-99m) like
Gallium-68 Positron Emission Tomography (Ga-68-PET)
tracer technology. However, inherent as well as
temporary limitations will in uence such a development
8

and the future role of Ga-68 radiopharmaceuticals in
the clinical routine. The simplicity of Ga-68 labeling by
complexation is simultaneously also a major drawback
and does not allow making any predictions about the
success of the development of small Ga-68-labeled
molecules. Consequently, only Ga-68 labeled peptides
and some medium sized receptor binding molecules
have been successfully evaluated so far. Compared to
other often-used PET isotopes, the positron emission
energy of Ga-68 is high, resulting in lower imaging
resolution and unfavorable dosimetry. In addition, due
to the short half-life of Ga-68 and the limited ‘size’ of
currently available generators, only a few PET scans
can be performed from one production batch. Despite
those dif culties and as a result of the success story of
clinical sst2-imaging with Ga-68-peptides, promising
new compounds, such as Ga-68-Bombesines and
Gallium-68 labeled Prostate-speci c membrane antigen
(Ga-68-PSMA) ligands for imaging of prostate cancer,
Ga-68-TRAP (RGD) 3 for tumor imaging or Ga-68-CPCR4.2
for imaging of various solid and hematological
tumors, are now entering rst clinical studies. With
the introduction of these imaging agents into clinical
diagnosis the required Ga-68-labeling infrastructure
(generators, automated modules, and quality control
instrumentation) can be employed more ef ciently, which
in turn reduces the costs of PET scan. In addition, the
excellent data obtained with these radiopharmaceuticals
will further promote the use of Ga-68 tracers, and will
foster the research and development of more valuable
Ga-68 radiopharmaceuticals. This development is
accompanied by the introduction of new and highly
efficient chelators, i.e., phosphinate based chelators,
such as 1,4,7-triazacyclononane-phosphinate (TRAP)
for the development of homo- or heteromultimeric
multimers or NOPO as a direct analogue of NOTA.
These new chelators will support the introduction of new
Ga-68-radiopharmaceuticals as they pave the way for
Ga-68-radiopharmaceuticals with extremely high speci c
activity and improved labeling chemistry. In summary,
Ga-68 radiopharmaceuticals will play an increasing role in
future Nuclear Medicine, i.e., for therapy monitoring and
not necessarily linked to peptide receptor radiotherapy.
However, without any doubt, the pace of this process is
largely dependent on the availability of approved Ge-68/
Ga-68 generators.
S-003

Tracers for Clinical PET: Looking
Beyond FDG
Raman Chirakal
Department of Radiology, Faculty of Health Sciences,
McMaster University, Hamilton, Ontario, Canada
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Fluorine-18 labeled 2- uoro-2-deoxy-D-glucose (FDG)
was rst introduced in 1977, and it is still the main
workhorse in clinical Positron Emission Tomography
(PET). This is, in part, due to the commercial availability
of FDG to PET centres that do not have a dedicated
cyclotron facility. Because of the growing availability
of medium energy cyclotrons, this talk will explore
three areas of interest for newly developed cyclotron
facilities. 1. Targetry and target chemistry for the
production of 11C, 13N, 15O, and 18F (nucleophilic and
electrophilic 18F) and their application in routine clinical
PET. 2. How the reactivity and selectivity of uorine
towards an organic substrate can be altered by the
judicious selection of the reaction medium with special
emphasis on anhydrous hydrogen fluoride (aHF)
as a versatile solvent for the synthesis of 18F-labeled
PET-tracers. 3. Introduce a new 18F-labeled rare sugar,
a uorinated analog of D-allose. D-allose, a rare sugar
and a C 3 epimer of D-glucose, has been shown to
have an inhibitory effect on the production of reactive
oxygen species and on the cancer cell proliferation.
I will demonstrate a novel method for the two-step,
regio- and stereoselective synthesis of [19F]- and [18F]-2uoro-2-deoxy- -D-allose (2-FD A) and its application
to investigate the biological properties of the rare sugar
D-allose.
S-004

Novel Radiochemical Separation of
Arsenic from Selenium for 72Se/72As
Generator
Ewelina Chajduk, Halina
Polkowska-Motrenko, Aleksander Bilewicz
Institute of Nuclear Chemistry and Technology, Warsaw,
Poland
The potential usage of arsenic isotopes for nuclear
medicine has been reported recently. One of the ways
for obtaining appropriate radioarsenic species is using
radionuclide generator, Where As is formed by the
radioactive decay, e.g., 72Se!72As. A new radiochemical
separation scheme based on extraction chromatography
for isolation As from Se is presented. The distribution
coef cients of As and Se on prepared sorbents were
determined to nd the best condition for separation
of both elements. Batch experiments were veri ed by
column studies. Elaborated radiochemical separation
scheme ensures high selectivity and radionuclide
purity of separated arsenic fraction, whereas examined
sorbents have been found to have a very high selectivity
with reference to selenium (IV). Diluted HCl and NaCl
solutions easily elute arsenic. Proposed approach

ensures high selectivity and radionuclide purity of
separated arsenic fraction; it is also characterized by
high elution ef ciency (!95 ) using small volume (2 mL)
of 0.9 NaCl with very low breakthrough (0.01 ) of
selenium.
S-005

An Increasing Role for 68Ga PET
Imaging: A Perspective on the
Availability of Parent 68GE Material
for Generator Manufacturing in an
Expanding Market
Michael K Schultz†*, Patrick
Donahue§, Nannette I Musgrave[,
Konstantin ZhernosekovF, Clive NaidooI,
Anatolii RazbashJ, Izabella Tworovska‡,
David W Dick†, G Leonard Watkins†, Michael
M Graham†, Wolfgang Rundel, Jeffrey A
Clanton, John J Sunderland†*
†

Department of Radiology, The University of Iowa, Iowa
City, IA §Blackthorn Associates, LLC, Hopkinton, MA
[
Mallinckrodt, The Pharmaceutical Business of Covidien,
Hazelwood, MO, JCyclotron Co. Ltd., Obninsk, Russia.
‡
Radiomedix, Inc., Houston, TX, lLos Alamos National
Laboratory, US Department of Energy, OLos Alamos, NM,

Department of Radiology and Radiological Sciences,
Vanderbilt University, Chattanooga, TN, USA. FITG
Isotope Technologies Garching GmbH, Garching, Germany.
I
iThemba LABS, Cape Town, South Africa.
The use of gallium-68 for molecular imaging is gaining
momentum worldwide. While our understanding
of 68 Ga chemistry, generators, and associated
synthesis modules appear to have advanced to a
clinically reliable stage, uncertainty in the supply of
radiopharmaceutically suitable parent is of signi cant
concern. In this work, we examine the current supply
of 68Ge in an effort to understand better the potential
for expansion of manufacturing to meet an increasing
demand for 68Ga. Although speci c information on
sales and demand of 68Ge is highly business sensitive
and thus guarded, our examination nds no shortage
in the current supply of 68Ge. On the other hand,
increases in the use of 68Ge generators for clinical
applications in the United States point to the need
for continued support for production at Department
of Energy (DOE) laboratories in the United States
to ensure a reliable supply and suggests that new
commercial facilities may be needed to meet the
increasing demand.
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S-006

Can Ga-68 Contribute to the Welfare
of Women Suspected to have Breast
Cancer?
Mathew L. Thakur
Director, Laboratories of Radiopharmaceutical, Research
and Molecular Imaging, Professor of Radiology and
Radiation Oncology, Thomas Jefferson University, 1020
Locust Street, Suite 359 JAH, Philadelphia, PA 19107
Introduction: The broad mission of this World Congress
is to promote, improve, and sustain a quality of human
life. Breast cancer (BC) is one of the most dif cult diseases
of humankind. Its management induces serious physical
challenges and signi cant emotional trauma, not only to
the patient itself, but also to the entire family. Despite
the many strides for its early diagnosis, the incidence
of BC is rising worldwide. In the USA alone, more than
800 women die of BC every day. With the notion that
an early detection of BC shall save lives, more than 39
million screening mammograms were performed in
the USA in 2011. Approximately 20 of these were
suspicious and required further examination. Digital
mammography, magnetic resonance imaging (MRI),
computed tomography (CT), US F-18- uorodeoxyglucose
(F-18-FDG), and technetium-99m (Tc-99m) sestamibi
have made signi cant advances. However, all these
modalities have limited specificity and continue to
produce false positive or false negative ndings. As
a result, histological examinations remain a gold
standard for which invasive biopsies must be performed.
However, nearly 80 of these biopsies result in a benign
diagnosis, creating a signi cant unnecessary patient
morbidity, and a loss of billions of healthcare dollars. The
need, therefore, is compelling for a novel approach that
would allow physicians to perform “in vivo histology,”
which would decrease the number of unnecessary
biopsies, reduce patient trauma and yet accurately detect
the malignancies. Recent approaches to drug discoveries
focus upon the better understanding of the biochemical
pathways that govern the pathogenesis of diseases at
a molecular level. Previous studies have shown that
malignant Vasoactive intestinal polypeptide receptor 1
(VPAC1) cells of all BC types express on their surface in
high density, a genomic product combined for vasoactive
intestinal and pituitary adenylate cyclase activating
peptide. These ngerprints, the receptors, encode G
protein, involved in cell proliferation, differentiation,
and cell survival. On benign or normal cells, only a few
VPAC1 receptors are present. We therefore hypothesized
that targeting VPAC1 using a specific biomolecule
labeled with a positron emitting radionuclide will permit
10

not only to image BC early, but will also distinguish
benign lesions from malignant masses.
Methods and Results: With this long-term goal, we
have developed a speci c peptide that has a high af nity
(Kd 3.1 u 10-9 M) for VPAC1. Brie y, these data have
shown that the peptide Cu-64-TP3805: i) Imaged all
human BC xenografts in athymic nude mice, ii) localized
spontaneously grown malignant and matastic BC lesions,
but not benign masses in transgenic mouse mammary
tumor virus MMTV-neu mice, and iii) showed similar
speci city for excised BC lesions. The TP3805 kit is stable
for more than 2 years.
Impetus generated from these highly encouraging data
prompted us to perform a feasibility study, which we
evaluated the ability of Cu-64-TP3805 in image BC
in humans (n  19, ages 28-80 yrs.) by PET (positron
emission tomography) and PEM (positron emission
mammography) imaging. The average quality of
Cu-64-TP3805 administered was 148r10 MBq. Because
of the only 19 Eemission of Cu-64, this activity is
equivalent only to 29.6r10 of F-18-FDG. The summary
of these results are as follows:
i. Cu-64-TP3805 unequivocally imaged all (100 )
malignant lesions ( n   20, 15 invasive ductal
carcinoma, three lobular carcinoma, one high-grade
mammary carcinoma, and one invasive papilloma,
113–5323 mm3).
ii. The agent also detected four sentinel lymph nodes
(100 , 28–402 mm3).
iii. Cu-64-TP3805 detected all malignant lesions,
irrespective of their hormonal status (13 ER+, 8 PR+,
5 PR2-, 2 HER2, 7 HER2-, and for 4 HER2 status was
indeterminate).
iv. For Cu-64-TP3805-PET images, the standardized
uptake value SUV (max) values ranged from 1.9 to 7.
v. For PEM images, the PEM uptake value to background
uptake value (PUV/BUV) ratios (max) ranged from
2.7 to 11.9 and most importantly,
vi. The tumor uptake was rapid (max. at 15 min post
injection) and did not signi cantly change through
the observation time of 5 hrs post injection.
These data strongly suggest that instead of 12.8 hr
half-lived Cu-64, we can use 68 min. half-lived, generator
produced Ga-68. The emission of Ga-68 is 88 , more than
four times greater than that of Cu-64. This will permit us
to administer150 MBq of Ga-68 without compromising
the image quality, yet signi cantly reduce the radiation
burden to the subjects. Patient imaging can be performed
within fteen minutes of injection using either PET or
PEM and without requiring patient fasting or monitoring
their glycemic level. The NADOGA conjugated agent is
ready for labeling with Ga-68.
Conclusions: From these data, it is reasonable to
postulate that the Ga-68 agent, specific for VPAC1
receptors shall permit to image only malignant lesions
and shall produce normal images of the benign lesions
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in patients with suspicious mammograms, and, thereby,
perform accurate in vivo histology. The procedures shall
be simple, minimally invasive, shall induce minimal
radiation exposure, reduce the number of unnecessary
biopsies, reduce morbidity and anxiety to the patients
and conserve on healthcare cost, and, thereby, contribute
to the welfare of human subjects.
S-007

Options and Availability of
Therapeutic Radionuclides: Indian
Perspectives
M. R. A. Pillai
Radiopharmaceuticals Division, Bhabha Atomic Research
Centre, Mumbai 400 085, India
Radionuclide therapy (RNT), utilizing therapeutic
radiopharmaceuticals for the management of cancers
or other types of pathological conditions such as
hyperthyroidism and rheumatoid arthritis, is a rapidly
growing eld. In RNT, a cytotoxic level of radiation dose
is delivered using a radiolabeled targeting vector that
selectively targets the disease. Radionuclide therapy
for thyroid cancer, Non-Hodgkin’s lymphoma (NHL),
and neuroendocrine tumors are now well accepted as
superior to other existing modalities for the treatment
of the respective diseases. To ensure the growth of RNT,
it is essential to have a steady production and reliable
supply of therapeutic radionuclides at affordable cost.
There are at least 100 radionuclides having potential for
radionuclide therapy, which include P particle, E-particle
or Auger electrons emitting radionuclides. However,
only a limited number of them have found regular
applications for therapy in a clinical setting. To meet
the growth rate of therapeutic radiopharmaceuticals, it
is important to maintain a constant and reliable supply
of therapeutic radionuclides in multi-Curie levels and
suitable for clinical use. The demands for therapeutic
radiopharmaceuticals will only grow only when the
products are available at affordable cost on a regular basis.
This can be achieved if and only when the radionuclides
used for such studies can be mass-produced and widely
distributed. Among all the radionuclides 131I, 177Lu, and 90Y
have the potential for wider availability and application.
177
Lu and 90Y together could act as a useful therapeutic
pair for targeted radionuclide therapy. Lutetium-177
having comparatively lower energy beta emission could
be used for the treatment of small tumors, whereas, the
higher energy 90Y will be suited for treating larger lesions.
Both the isotopes provide opportunity for production
in very large quantities, cost effectively. Most needs
of future systemic therapy could be covered with 131I,

Lu, and 90Y, all of which can be potentially produced
in large quantities at affordable cost. The above three
radionuclides could be used for the manufacture of a
wide spectrum of radiopharmaceuticals for the treatment
of primary cancers, management of metastatic bone pain,
and other applications such as radiation synovectomy.

177

S-008

Production of Therapeutic
Radionuclides (177Lu and 90Y) for
Peptide Receptor Radionuclide
Therapy
Wouter A. P. Breeman1, Erik de Blois1,
Rory de Zanger1
Department of 1Nuclear Medicine Erasmus MC, Rotterdam,
The Netherlands
Aim of the Study: Peptide Receptor Radionuclide
Therapy (PRRT) with DOTA-peptides, such as [DOTAo,
Tyr3] octreotate (DOTA-tate) and labeled with 177Lu
or 90Y require high speci c activities to maximise the
atom of 177Lu over all Lu ( mass of (175+176+177+177m) Lu)
present or 90Y over all Y present. 90Y is produced from
a 90Sr generator. 177Lu is currently mainly produced via
two methods, either ‘direct’ by 176Lu (n, J) 177Lu (A) or
‘indirect’ 176Yb (n, J) 177Yb, and the latter decays to 177Lu
(B). Method A is also known as carrier added and B
as no carrier added (nca). B potentially has a higher
speci c activity, see below for de nitions. We developed
a titration technique to identify and quantify metal
ion content in radionuclides, buffers, quenchers, and
DOTA-peptides that are present in the preparation of
radioligands, such as 177Lu-DOTA-tate or [90Y-DOTAo,
Tyr3] octreotide (DOTATOC), used for PRRT. As a spinoff
of this technique, we could measure speci c activity of
177
Lu, either produced via method A or B. There are,
however, several de nitions for speci c activity, see C,
D, and E. Reactor physicists de ne speci c activity as
the 177Lu activity over the total amount of Lu and solely
based on the initial mass of (175+176) Lu in the irradiated
target (C). However, in our opinion, for the labeling of
DOTA-peptides, the 177Lu activity, and the total actual
amount of Lu ( mass of (175 + 176 + 177 + 177m) Lu), is more
relevant for radiochemistry (D and E). The actual mass
of all Lu present is calculated via E. Calculations were
compared with the data from the titration technique.
Specific activity =

177

∑

Lu activity
mass 175 + 176 Lu

C: Reactor physicist
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Specific activity =

D: Radiochemist
Specific activity =

E: Biochemist
Specific activity =

177

∑

Lu activity

mass ( 175 + 176 + 176 m + 177 + 177 m Lu)

177

∑

Lu activity

mass ( 175 + 176 + 176 m + 177 + 177 m Lu − 177 Hf )
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Figure 1: Calculated amount of radioactivity (GBq 177Lu) as f
KTTCFKCVKQPVKOGPGWVTQPƀWZ=PGWVTQPUEO-2U-1])

F: Peptide chemist
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While monitoring the large-scale production of
therapeutic radionuclides (up to TBq of 177Lu) and
radiotherapeuticals (in our department 50 GBq
177
Lu-DOTA-tate per week). We developed new insights
into speci c activity of 177Lu and 90Y, which we would
like to report here.
Materials and Methods: Titration method includes
labeling known amounts of metal ions (e.g., Zn2+, Fe3+,
Lu3+ including 177Lu3+, and Y3+ including 90Y3+) mixed
with a known amount of DOTA-peptide (e.g., in nmoles
and in molar excess to the metal). After labeling and
a base-to-base separation of metal-DOTA-peptide
vs . DOTA-peptide by High-performance liquid
chromatography (HPLC) and UPLC (ultra-HPLC), the
molar ratio of metal-DOTA-peptide vs. DOTA-peptide,
e.g., by UV (O 214 and/or 278 nm) was determined.
Many bi- or trivalent metal ions are incorporated in the
DOTA-moiety of the peptide as metal-DOTA-peptide,
and (many, but not all) can be separated via UPLC
[5], identified and quantified. Calculation methods
(including definitions C, D and E) and methods as
described were developed to calculate the yield [Figure 1]
of the irradiation (Method A), as well to calculate speci c
activity, as function of irradiation time and at different
neutron uxes (neutrons.cm-2.s-1) [Figures 2 and 3]. For
the calculations in Figures 1-3, 1 mg 175/176Lu at 80
enrichment were used.
Results and Discussions: The irradiation time to achieve
optimal yield in activity differs from the time to achieve
optimal speci c activity in atom [Figures 1 and 3], and
these optima differ per neutron ux. We also found
differences in speci c activity of 177Lu derived from
method A and calculated according C and E [Figure 2].
With our titration technique we found deviations in
speci c activity (E) up to73 were found with Method
A, while -20 for Method B. Differences in yields (in
GBq 177Lu) calculated vs. measured varied between 
10 and100 .
Metal contents in 90Y and 177Lu were low and below
specifications of the vendors. However, a typical
example, Zn2+ions in 90Y were relatively high, but within
speci cations of the vendor, whereas Zn2+ions competes
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Figure 3:%CNEWNCVGFURGEKſECEVKXKV[ .WCVQO CUH KTTCFKCVKQP
VKOGPGWVTQPƀWZ CPFECNEWNCVGFCEEQTFKPIVQ'

with 90Y for the incorporation in the DOTA-moiety. Only
by reducing speci c activity (Note: Another de nition of
speci c activity, see F), by adding extra DOTA-peptide,
full incorporation of 90Y was achieved. Metal ions were
found in DOTA-peptides (5-10 of the DOTA-moiety
were already “occupied” by metal ions), in many
buffers (brand dependent) and very high concentrations
in some quenchers. The titration technique enables
monitoring all these components (including glassware,
pipettes, and rubber stoppers, etc.) separately, and
their effect on incorporation of the radionuclide.
It also turned out as a very valuable tool during
development of new radiolabeling techniques and for
different DOTA-peptides. In general, 177Lu-labeled
DOTA-peptides can be labeled at specific activities
(de nitions F) close to stochiometrc conditions (mol
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DOTA-peptide vs. mol Lu ratio of 1.1), while for 90Y this
ratio was!2.
Summary: Speci c activity has several de nitions and
speci c activity of 177Lu, as de ned by radiochemist
is higher as stated by the reactor physicists and
vendors. Calculated yields and speci c activities were
always lower as the values measured in practice. The
titration technique described here enables monitoring
impurities of all the components in the preparation of
radiotherapeuticals separately, and turned out to be a
valuable tool during development of new radiolabeling
techniques and for different DOTA-peptides.

emission tomography (PET) positron emitters 64Cu and
44
Sc. New therapeutic applications of well-established
radionuclides followed by the growing availability of
those considered so far as more “exotic” ones opens the
way to further developments in nuclear medicine.

S-009

A. Dash, M. R. A. Pillai

Radionuclides and
Radiopharmaceuticals for Therapy –
Current Trends

Radiopharmaceuticals Division, Bhabha Atomic Research
Centre, Mumbai 400 085, India

Renata Mikolajczak
Radioisotope Centre POLATOM, National Centre for
Nuclear Research, 05-400 Otwock, Poland
Radiolabeled somatostatin analogs are example of
radiopharmaceuticals successfully utilized for peptide
receptor radionuclide therapy (PRRT). The promising
results of treatment with somatostatin analogs labeled
with 90Y and 177Lu in patients with disseminated tumors
of neuroendocrine origin give good basis for further
studies. Hence, the interest in radionuclides, which may
offer improved physicochemical properties for internal
radiotherapy, is growing. For the effective design of the
radiopharmaceutical, the choice of the radionuclide will
depend on the purpose for which the radioligand is to
be used and on the physicochemical properties of the
radionuclide. The important factors are also availability
and the cost of production. The radiolabeling strategy
will be determined by both the radionuclide and the
ligand properties, having critical in uence on the af nity
of the obtained tracer to its molecular target, its speci c
activity and stability in vivo. Currently, the production
capacity for radionuclides such as 131I, 90Y, 177Lu, and
186/188
Re is suf cient in the world and the issues related
to their use in radiopharmaceuticals were well explored.
There are still other radionuclides, which might be
considered, although their practical utility for PRRT
have not been yet demonstrated to such extent i.e., 105Rh,
149
Pm, 153Sm, 166Ho, and 169Er, which emit E- radiation
adequate for therapy. Some of them can be produced in
nuclear reactors in high capacity. Further developments
are expected in the application of Auger (111In, 195mPt)
and alpha emitters ( 211At, 213Bi) and radionuclides
such as 67Cu and 47Sc due to the increasing number of
cyclotron production sites for their matched Positron

S-010

Electrochemical Separation of
90
Y and Development of 90Sr/90Y
Generator

There is a great deal of interest in the use of 190Y (T½ 
64.1 h) for therapeutic applications, including peptide
receptor radionuclide therapy (PRRT), in neuroendocrine
tumor (NET) treatment, radioimmunotherapy (RIT)
in non-Hodgkin’s lymphoma (NHL) treatment, and
transarterial radioembolization therapy (TARET) in
unresectable hepatocellular carcinoma (HCC). The use
of yttrium-90 labeled ibritumomab tiuxetan (Zevalin)
for the treatment of follicular non-Hodgkin’s lymphoma
(NHL) is a successful paradigm for the use of 90Y in
targeted therapy. The 90Sr/90Y generator has emerged as
an excellent source for availing no-carrier-added (NCA)
90
Y suitable for the in-vitro radiolabeling of speci c
carriers, such as monoclonal antibodies, peptides or other
chemical vectors for radiotherapeutical applications.
While the long half-life of 90Sr (T½ 28.8 y) constitutes
an advantage for ensuring the long term availability
90
Y from 90Sr/ 90Y generators, the presence of such
long-lived parent radionuclides in a separation system
can lead to substantial radiation degradation that would
not only release the degraded product of the matrix,
but also results in 90Sr breakthrough in the separated
90
Y. Spurred by the need to limit the 90Sr level in the
separated 90Y to preclude the radiotoxicity risk posed
by 90Sr, selection of an appropriate separation method
capable of providing 90Y amenable for therapeutic use is
of prime importance to ensure their reliable and secure
supplies for the immediate future and for long-term
requirements. Although a variety of 90Sr/90Y generator
systems have been thoroughly investigated for accessing
90
Y employing techniques, most of them have inherent
limitation, which limits their applicability in a clinical
context. In view of these considerations, assessing the
potential of electrochemical separation technique for the
effective separation 90Y from 90Sr was undertaken. The
concept to exploit the differences in the formal potential
values of 90Sr and 90Y for selective electrodeposition
of 90Y onto prefabricated inert electrode under the
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in uence of controlled applied potential is the genesis of
electrochemical 90Sr/90Y generator, reported by our group
for the rst time in 2008. The electrochemical separation
process involved two electrolysis cycles - the rst cycle
for separation and the second cycle for puri cation of
90
Y. The recovered 90Y had high radionuclidic purity
with barely 30.2r15.2 kBq (817r411 nCi) of 90Sr per
37 GBq (1 Ci) of 90Y (0.817r0.411 ppm). The Extraction
Paper Chromatographic (EPC) technique for the accurate
and reliable quantitative estimation of trace level (nCi)
of 90Sr impurity present in quantities of 90Y( Ci) can be
effectively used for ascertaining the purity of 90Y. The
payoff for the successful use of 90Sr/90Y generator will
be an assured supply of 90Y of required quality and
quantity over a sustained period ( !10 years). A fully
automated electrochemical module for the 90Sr/90Y
generator designed for the production of up to a Ci (37
GBq) of 90Y per day was developed and is commercially
available from M/s Isotope Technologies Dresden (ITD),
an af liated company of M/s GSG International GmbH,
Germany. The automated module is already in operation
in a few countries.
Being separated from 90Sr, a ssion product that is available
in plenty, there is considerable scope for enhancing the
availability of 90Y by adapting electrochemical 90Sr/90Y
generator. With wider availability of 90Y, the clinical
utility of 90Y radiopharmaceuticals can grow manifold in
the future. The advance made so far on electrochemical
90
Sr/90Y generator is exciting, and there is no barrier for
wide scale adaptability. It is important to harness the
immense potential of 90Sr/90Y generator to make it a
mainstream of radiopharmacy set up.
S-011

Role of Endoscopic Ultrasound
in Gastroenteropancreatic
Neuroendocrine Tumors and Update
on Their Treatment
Surinder Singh Rana, Vishal Sharma, Deepak
Kumar Bhasin
Department of Gastroenterology, Post Graduate
Institute of Medical Education and Research, Sector 12,
Chandigarh - 160 012, India
The gastroenteropancreatic (GEP) neuroendocrine tumors
(NET’s) are rare tumors and include all tumors arising from
the gastrointestinal or pancreatic neuroendocrine cells.
They can occur anywhere in the gastrointestinal (GI) tract
with the small intestine, pancreas, and rectum being the
common GI sites. Because of non-speci c symptoms, they
are dif cult to diagnose and diagnosis is often delayed by
years. Advancement in cross-sectional imaging techniques
14

and advent of radionuclide labeled somatostatin analogues
have improved our accuracy of diagnosis and staging
GEP NET’s. Endoscopic ultrasound (EUS) with its unique
combination of endoscopy and ultrasound provides
high-resolution images of GI tract wall as well as the
surrounding solid parenchymal organs, and, therefore, is
an important investigation for the diagnosis and staging of
GEP NET’s. Surgery is the treatment of choice with good
long-term results in patients with localized GEP-NETs.
Control of symptoms in functional NET’s is warranted
to improve the quality of life of the patient. Somatostatin
and its analogues like octreotide and lanreotide have
been used to control symptoms because of functional
NET’s. The management of metastatic GEP-NETs includes
control of symptoms and therapy to decrease/stop tumor
growth that includes somatostatin and its analogues and
chemotherapy. Newer therapeutic modalities like Peptide
receptor radionuclide therapy (PRRT) and molecular
therapy hold considerable promise.
S-012

Development of Novel Ga-68
Labelled Probes for Imaging of
,QIHFWLRQDQG,QÁDPPDWLRQ
Vijay Kumar, Dilip Boddeti
Department of Nuclear Medicine and PET,
Westmead Hospital, Sydney NSW 2145, Australia
Infection imaging has been challenging over the past four
decades and the quest continues to nd an ideal imaging
agent. 67Ga-Citrate has been extensively used to detect
malignant tumors and infection/in ammation since 1971.
However, the clinical utility of this agent is compromised
due to several limitations such as poor image quality of
67
Ga-SPET (single photon emission tomography), high
background activity and interference from liver and bowel
activity, delayed post-injection waiting times of at least
48-72 hrs, the associated high radiation exposure and high
cost of the radionuclide. 68Ga-Citrate was investigated
for Positron emission tomography (PET)-imaging of
infection due to successful application of 67Ga-Citrate
SPET in the past, despite its limitations. It is important to
establish a faster imaging method for 68Ga as its half-life
is 68 min compared to 78.3 hrs for 67Ga. Moreover,
PET provides high-resolution 3-dimensional images
of the whole body that facilitates precise localization
of abnormalities. Localization is enhanced with PET/
computed tomography. Newer agents such as 68Ga-citrate,
68
Ga -transferrin (68Ga TF) and 68Ga-Ubiquicidin (UBI) will
be investigated in this study, as the preliminary results are
very promising. Our preliminary pre-clinical and patient
studies using 68Ga-citrate for imaging infection clearly
indicated superior image quality and faster imaging
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time. When 68Ga -TF or 68Ga -Citrate was injected into the
infected rats, the lesion was detectable within 10-20 min
post-injection, although focal intense uptake at the lesion
(standardized uptake value-maximum (SUVmax))
was visualized at/after 30 min. The accumulation of
activity at the lesion increased with time as shown by
signi cantly increased SUVmax at the target for up to
6 hrs post-injection. There was a considerable decrease in
the cardiac activity during the initial 90 min post-injection
period, but a small percentage of activity was measurable
for up to 6 hrs post-injection of the study. The activity
associated with liver and bowel decreased rapidly up
to 90 min of the post-injection period. The low level of
activity then persisted for up to 6 hr post-injection time.
There was marginal increase in the activity associated
with the spine over the entire period of the study, whereas
muscular uptake increased marginally during the initial 60
min post-injection time but then decreased steadily over
the period of the study. Since the background activity
was washed out in a time dependent manner, the ratio
of T/M increased progressively over the entire period
of the study from 2.2 to 7.5 from 10 to 6 hr post-injection.
We have successfully synthesized 68Ga -DOTA-UBI
(29-41) and currently evaluating pre-clinical studies in
a rat model carrying Staph-A infection. The preliminary
results clearly indicated an avid uptake of the agent at
the infection lesions and fast clearance from soft-tissues.
Renal excretion was the major mode of clearance with
very little activity in the soft-tissue, liver, and blood pool.
Target to background (T/B) ratio is very high within 30
min post-injection, suggesting a promising application for
clinical studies.
S-013

Molecular Imaging using PET/CT
Applying 68Ga Labeled Tracers and
Targeted Radionuclide Therapy:
Theranostics on the Way to
Personalized Medicine
Harshad R. Kulkarni, Richard P. Baum
Theranostics Center for Molecular Radiotherapy and
Molecular Imaging, ENETS Center of Excellence,
Zentralklinik Bad Berka
Theranostics is an acronym, which exemplifies the
togetherness of diagnostics and therapeutics in the
individualized management of disease . The key
to personalized medicine in cancer is to determine
the molecular phenotypes of neoplasms, so that
specific probes can be selected to target the tumor
and its microenvironment. Molecular imaging and
radionuclide therapy using a particular probe is based

on this premise. Neuroendocrine neoplasms express
somatostatin receptors, enabling the use of somatostatin
analogues for molecular imaging, when labeled with the
positron-emitter 68Ga for receptor PET/CT, and targeted
radionuclide therapy, when labeled with beta-emitters
90
Y and 177Lu.
S-014

PET/CT Imaging of Neuroendocrine
Tumors with 68Gallium Labeled
Somatostatin Analogues: An
Overview and our Experience
Rakesh Kumar, Punit Sharma, C. S. Bal,
Arun Malhotra
Department of Nuclear Medicine, All India Institute of
Medical Sciences, New Delhi - 110 029, India
Neuroendocrine tumors (NETs) are rare tumors arising
from the neural crest cells. Their small size, variable
anatomical location, and low metabolic rate have resulted
in limited utility of conventional imaging modalities
(computed tomography/magnetic resonance imaging
(CT/MRI)) for imaging of such tumors. These tumors
are characterized by overexpression of somatostatin
receptors (SSTRs). Conventional somatostatin receptor
scintigraphy (SRS) with 111 In-Octreotide is very
useful for imaging NETs, but is limited by its poor
resolution and lower af nity for SSTRs. More recently,
various 68Ga-Labeled somatostatin analogues have
been developed for SSTR based Positron emission
tomography/computed tomography (PET/CT)
imaging and shown to be superior to SRS. Three
major compounds in this group (68Ga-DOTA-TOC,
68
Ga-DOTA-TATE, and 68Ga-DOTA-NOC) have been
extensively evaluated and shown excellent results
in NETs. These agents can be used for diagnosis,
staging, and restaging of gastroenteropancreatic
(GEP) NETs with very high diagnostic accuracy.
In addition, it can be employed for selection of
therapy, response assessment and prognostication
of these tumors. In patients with pulmonary NETs,
68
Ga-DOTA-peptides can be used for diagnosis and
staging. A combination of 68Ga-DOTA-peptides PET/
CT with 18F-Fluorodeoxyglucose (18F-FDG) PET/CT
can reliably differentiate between typical and atypical
carcinoids. 68Ga-DOTA-peptides are also very useful
for localizing the primary tumor in patients presenting
with metastatic NET. 68Ga-DOTA-peptides have also
been evaluated in medullary carcinoma of thyroid
(MTC) and shown promising role for detection of
recurrence. 68Ga-DOTA-peptides show a complementary
role to 18F-FDG for this indication. In patients with
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pheochromocytoma or paraganglioma, although the
experience is limited, 68 Ga-DOTA-peptides show
promising results. They are especially helpful for
detection of extradrenal, malignant and metastatic
lesions. They have been shown to be superior to
131/123
I-Metaiodobenzylguanidine, the traditional
functional imaging agent in these patients. In patients
with hereditary endocrine syndrome with multiple NETs
(MEN1 and2, VHL, etc.), 68Ga-DOTA-peptides hold
special promise for early detection of multifocal lesions
and in asymptomatic relatives. Other potential areas of use
of 68Ga-DOTA-peptide PET/CT include tumor-induced
osteomalacia, syndrome of ectopic aderocorticotrophic
secretion, and pituitary adenomas. Thus, based on
published and our experience, 68Ga-DOTA-peptide
PET/CT has shown promising role in the management
of wide array of NETs and further evaluation of their
role is warranted.

Personalized Molecular Imaging in
NET- Lessons Learnt in the Past Ten
Years

Single Photon Emission Tomography (SPET) still forms
the basis of most of the diagnostic algorithms for NET.
Additionally, molecule of the century, F-18-deoxyglucose
(FDG) has shown its value not only in prognosis but
also in treatment management. Another tracer with
marked influence in some of the subsets of NET is
F-18-Fluorodopa. Magnetic Resonance Imaging (MRI)
using liver speci c contrast agents has been shown to be
extremely sensitive for the detection of liver metastases.
Three phase computed tomography (CT), although
associated with higher radiation burden, is extremely
useful for surgical planning and management, and in
cases of somatostatin receptor-negative lesions. Thus, it
is obvious that combined hybrid imaging with SPECT/
CT, PET/CT and, since very recently, MR-PET is the
new gold standard in the eld of NET imaging. Moving
away from the clinical to the research application of
molecular imaging in NET, it can only be mentioned
that targeted molecular therapy applications can only
ourish, if there is appropriate patient selection using
radiolabeled vectors. Therapy assessment of cytostatic
drugs, especially in often slow-growing neuroendocrine
tumors, is a matter of debate. Molecular imaging may
be the better tool for response assessment after therapy
in NET than even the most sophisticated morphological
approaches.

Vikas Prasad, Winfried Brenner

S-016

S-015

Department of Nuclear Medicine, Centre for PET/CT
Campus Virchow-Klinikum, Augustenburger Platz 1,
Charité Universitätsmedizin Berlin 13353 Berlin, Germany
One of the greatest politicians of all times, Chanakya
was wise enough to say ‘Power is the only cause of
alliance’. The last 10 years have seen unprecedented
growth in the eld of molecular imaging re ected in
the number of publications and clinical applications
not only in the eld of oncology, but also in neurology,
cardiology, and in ammation. This is speci cally true
for the neuroendocrine tumors (NET). The highly
heterogeneous nature of this tumour entity has been
largely responsible for ‘change in paradigm’ in the
field of molecular imaging. No longer is a single
radiopharmaceutical good enough to justify its universal
application in all the neuroendocrine tumors. The
oncologists, surgeons, nuclear medicine physicians
constantly look forward to draw out maximum
information through molecular imaging in order to
practice personalized medicine in NET. However, in
the last 10 years we have also learned that the molecular
information alone is insuf cient for patient management.
A combination of high-end morphological imaging
with state-of-the-art molecular imaging, ‘alliance’ of
two powerful elds, can guide the complex therapy
algorithms for NET patients. Somatostatin receptor
imaging using Positron Emission Tomography (PET) or
16

Ga-68 DOTATATE PET/CT in
Neuroendocrine Tumors: Initial
Experience
Bhagwant Rai Mittal, Kanhaiyalal Agrawal,
Jaya Shukla, Anish Bhattacharya,
Baljinder Singh, Ashwani Sood, 1Anil Bhansali
Department of Nuclear Medicine and PET, 1Department of
Endocrinology, PGIMER, Chandigarh-160012, India
Introduction: Neuroendocrine tumors (NET) are
heterogeneous group of neoplasm, majority of which
express somatostatin (SST) receptors. Recently,
with the widespread use of positron Emission
Tomography-computed tomography (PET/CT)
and development of novel PET tracers like Ga-68
DOTA-peptide, which speci cally bind to somatostatin
receptors (SSTR), Ga-68 DOTA-peptide PET/CT is used
in management of NET.
Objective: To study the various indications for which
Ga-68 DOTATATE PET/CT scan was performed and
the utility of the scans.
Materials and Methods: Retrospective evaluation of
the patients data was performed who underwent Ga-68
DOTATATE PET/CT as part of their diagnostic work-up
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between June 2011 and July 2012. A total of 145 patients
aged 1-71 years (mean 37.4 yrs) were studied during
this period.
Results: Ga-68 DOTATATE PET scan was positive in
23/39 patients referred for characterization or diagnosis,
in 6/19 patients for localization, in 13/24 patients for
detection of unknown NET primary, in 16/17 patients
for staging, in 6/7 patients for recurrence assessment,
12/12 patients for response evaluation, 7/18 patients
in restaging, and in 5/5 differentiated thyroid cancer
patients with thyroglobulin elevated but negative iodine
scan.
Conclusion: Ga-68 DOTATATE PET/CT is a useful
modality in characterization, localization, detection of
unknown NET primary, staging, restaging, recurrence,
and response evaluation to treatment in patients with
NET.
S-017

Role of 68Gallium DOTATATE IN
Neuroendocrine Tumors—First
Experience
Jyotsna Rao
Apollo, Hyderabad
There is a need for sensitive tracers in localizing
neuroendocrine tumors, specifically, the welldifferentiated type. 68Ga DOTANOC/DOTATATE
ful lls this need, and we present our rst experience
using this tracer.
Aim: To evaluate the role of 68Ga DOTANOC/DOTATATE
in the management of neuroendocrine tumors.
Materials and Methods: Reports of 45 patients
scanned from December 2010 to February 2012 were
reviewed, retrospectively. The patients were referred
with neuroendocrine tumors. 3-4 mCi of the tracer was
injected intravenously and patients were scanned after
45 minutes from the base of skull to the mid-thigh region.
All patients were given oral and intravenous contrast. A
radiologist and PET physician reported scans. Additional
FDG PET/CT scan was performed in two patients.
Follow up data were obtained in where possible.
Results: Of the 45 patients scanned, 11/45 (24 ) were
referred for diagnosis of the primary. Of these, 6/11
(55 ) were negative, 4/11 (36 ) were positive, and
1/11 (9 ) equivocal. All 4/45 (9 ) patients referred
for staging showed positive ndings on the scans. Of
the 25/45 (56 ) patients referred for restaging, 15/25
(60 ) showed positive ndings, 9/25 (36 ) negative,
and 1/25 (4 ) equivocal ndings. All 4/45 (9 ) patients
referred to monitor response to therapy were positive.
1/45 (2 ) patient referred for radiation therapy planning
was positive (100 ). Equivocal cases included mild

diffuse activity in the pancreas in a patient referred for
diagnosis and mild activity in bilateral axillary nodes
in patients referred for restaging. Tumors scanned
included neuroendocrine tumors, carcinoid, Cushing’s,
neuroblastomas, glomus tumors, medullary thyroid
carcinoma, paraganglioma, recurrent, and meningioma.
Conclusion: 68Ga DOTATATE proved useful in the
patients with neuroendocrine tumors of various types
and should be considered in the work up, particularly
for well-differentiated tumors.
S-018

Peptide Receptor Targeted
Radionuclide Imaging and Therapy
in Advanced Metastatic Thyroid
Carcinoma: Exploiting the Varying
Biology of Metastases
Gaurav Malhotra, Pankaj Kumar,
Ramesh Asopa
Radiation Medicine Centre (BARC), TMC Annexe,
Jerbaiwadia Road, Parel, Mumbai - 400 012, India
Introduction and Aims: Somatostatin receptor imaging
and targeted therapies have been used with success
in neuroendocrine tumors and medullary thyroid
cancers. However, their role in non-medullary thyroid
cancers has not been well studies. We undertook this
prospective study to compare radioiodine, uorine-18
fluorodeoxyglucose positron emission tomography
(F-18 FDG PET) and Somatostatin receptor imaging
with Ga-DOTATATE in advanced thyroid cancers, and
to assess, if Peptide Receptor Radionuclide Therapy
(PRRT) with Lu-DOTATATE provides bene t in patients
who had either exhausted the option for radioiodine
after having reached the limit of cumulative dose of 1
Ci or were harboring additional non-radioiodine but
somatostatin receptor expressing metastasis.
Materials and Methods: Eleven patients (three M and
eight F); age range: 44-72 years (median age: 56 years)
harboring 56 lesions of advanced differentiated thyroid
cancers (seven papillary and five follicular) were
included in the study. All patients were subjected to
whole body diagnostic scans with I-131, F-18 FDG PET,
and Ga DOTA as per the institution protocol. Only
patients with at least one radioiodine positive lesion
were included, while those with a negative whole body
radioiodine scan were excluded. Fifty-six lesions in all
three scans in each patient were comparatively analyzed,
recorded, and tabulated.
Results: Thirty-eight of 56 lesions (67.8 ) were positive
on I-131 scan; 35 of 56 lesions (62.5 ) were F-18 FDG
avid, while 38 of 56 lesions (67.8 ) were positive on

World Journal of Nuclear Medicine/Vol 12/Supplement 1/February 2013

17

Abstracts

Ga-DOTA imaging. Intermodality comparison revealed
a concordance rate of 44.6 , 44.6 , and 67.8 between
I-131 and F-18 FDG PET, I-131 and Ga-DOTA PET, and
F-18 FDG and Ga DOTA PET, respectively. Notably,
17.8 lesions on F-18 FDG PET and 23.2 lesions on
Ga-DOTA PET did not show radioiodine uptake when
each of these modalities was individually compared
with radioiodine imaging. A comparison of standardized
uptake value max (SUV) between the concordant
lesions on F-18 FDG PET and Ga-DOTA scan showed a
correlation of 0.72. Three of 12 (25 ) patients who had
received a cumulative dose of 1 Ci of I-131 were subjected
to Lu-DOTATATE therapy. Follow up diagnostic
Ga-DOTATATE scan showed stable disease with an
objective response in form of fall in SUVmax in two
patients, while progressive disease was seen in the third
patient who had received PRRT with Lu-177 DOTATATE
therapy. Two patients who showed objective response to
PRRT also demonstrated marked improvement in quality
of life that was also assessed objectively.
Conclusion: In patients with advanced thyroid cancers
(skeletal metastases), both F-18 FDG PET and Ga-DOTA
somatostatin receptor imaging should be performed
in addition to routine radioiodine scan. Somatostatin
receptor expression in substantial number of lesions with
advanced carcinoma thyroid probably re ects varying
biology metastases as compared to the primary and
makes them amenable to peptide receptor radionuclide
therapy. In patients, who have already received a
cumulative radioiodine of 1 Ci and have preserved renal
functions, option of PRRT can be exercised to provide
therapeutic bene t without causing signi cant bone
marrow toxicity.
S-019

A Bridge Not Too Far: Personalized
Medicine with the Use of
Theragnostic Radiopharmaceuticals
Suresh C. Srivastava
Senior Medical Scientist and Head Medical Isotope
Research and Production Program, Collider-Accelerator
Department, Building 801, Brookhaven National
Laboratory, Upton, NY 11973, Research Professor of
Radiology. Stony Brook University Medical Center, Stony
Brook, NY, USA
This article deals primarily with the selection criteria,
production, and the nuclear, physical, and chemical
properties of certain dual-purpose radionuclides,
including those that are currently being used, or studied and
evaluated, and those that warrant future investigations.
Various scienti c and practical issues related to the
production and availability of these radionuclides is
18

brie y addressed. At Brookhaven National Laboratory
(BNL), we have developed a paradigm that involves
speci c individual “dual-purpose” radionuclides or
radionuclide pairs with emissions suitable for both
imaging and therapy, and which when molecularly
(selectively) targeted using appropriate carriers, would
allow pre-therapy low-dose imaging plus higher-dose
therapy in the same patient. We have made an attempt
to sort out and organize a number of such theragnostic
radionuclides and radionuclide pairs that may, thus,
potentially bring us closer to the age-long dream of
personalized medicine for performing tailored low-dose
molecular imaging [(Single-photon emission computed
tomography-computed tomography (SPECT/CT) or
positron emission tomograghy-computed tomography
(PET/CT)] to provide the necessary pre-therapy
information on biodistribution, dosimetry, the limiting
or critical organ or tissue, and the maximum tolerated
dose (MTD), etc., followed by performing higher-dose
targeted molecular therapy in the same patient with the
same radiopharmaceutical. As an example, our preclinical
and clinical studies with the theragnostic radionuclide
Sn-117m are covered in somewhat detail. A troublesome
problem that remains yet to be fully resolved is the lack
of availability, in suf cient quantities and at reasonable
cost, of a majority of the best candidate theragnostic
radionuclides in a no-carrier-added (NCA) form. In this
regard, a summary description of recently developed
new or modi ed methods at BNL for the production of
ve theragnostic radionuclide/radionuclide pair items,
whose nuclear, physical, and chemical characteristics
seem to show promise for therapeutic oncology and for
treating other disorders that respond to radionuclide
therapy, is provided.

S-020

Polish Experience in Peptide
Receptor Radionuclide Therapy—
2012 Update
Jolanta Kunikowska, Leszek Królicki,
Anna Sowa-Staszczak1,
Alicja Hubalewska-Dydejczyk1,
Dariusz Pawlak25HQDWD0LNRáDMF]DN2,
Daria Handkiewicz-Junak3,
*U]HJRU].DPLĔVNL4,]DEHOD.R]áRZLF]5,
Aldona Kowalska60DUHN5XFKDáD7
Department of Nuclear Medicine, Medical University
of Warsaw, Poland, 4Military Institute of Medicine,
Warsaw, 1Chair and Department of Endocrinology and
Nuclear Medicine, Jagiellonian University Collegium
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Medicum, Cracow, 6Holycross Cancer Centre, Kielce,
2
National Centre for Nuclear Research, Radioisotope
&HQWUH32/$7202WZRFNĝZLHUN3RODQG3Department
of Nuclear Medicine and Endocrine Oncology, Maria
6NáRGRZVND&XULH0HPRULDO&DQFHU&HQWHU,QVWLWXWH
of Oncology, Gliwice Branch, Gliwice, 5Maria
6NáRGRZVND&XULH0HPRULDO&DQFHU&HQWHU,QVWLWXWH
of Oncology, Warsaw Branch, Warsaw, 7Department of
(QGRFULQRORJ\0HWDEROLVPDQG,QWHUQDO'LVHDVHV3R]QDĔ
University of Medical Sciences
Peptide radionuclide therapy with radiolabeled
somatostatin analogues (PRRT) is promising treatment
options for patients with disseminated or inoperable
neurondocrine tumors (NET). First PRRT in Poland
with 90Y – DOTATATE was performed in April 2004 and
with tandem 90Y/177Lu–DOTATATE in August 2004,
both in Nuclear Medicine Department Warsaw Medical
University. Due to results of Research Grant Polish
Ministry of Health, now it is possible to obtain individual
reimbursement for PRRT. Between April 2004 and
November 2012, about 500 patients underwent PRRT with
DOTATATE labeled with 90Y, 177Lu and 90Y/177Lu (70 of
90
Y-DOTATATE, 12 177Lu-DOTATATE, and 18 90Y/177Lu
–DOTATATE) were prepared (71 of 90Y - DOTATATE,
17 177Lu-DOTATATE, and 12 90Y/177Lu–DOTATATE )
with growing number of treatments last 2 years (treatment
about 160 patients). Main indication is disseminated
or inoperable neurendocrine tumors; also, patients
with medullary thyroid carcinoma and glioblastoma,
somatostatin receptor (SSTR) positive are treated. The
labeling procedures and quality control were performed in
National Centre for Nuclear Research, Radioisotope Centre
POLATOM, Otwock- wierk. Therapy is performed on an
out- and in-patients’ basis. Following protocols are used:
Calculated doses for body surface up to 7.4 GBq/m2 in 3-5
cycles 6-8 weeks interval or xed doses 4u2.96-3.7 GBq
90
Y-DOTATATE, every 6-12 weeks; for 177Lu-DOTATATE
3-5u7.4GBq each 8-12 weeks. In respect of tandem therapy
with 90Y/177Lu-DOTATATE, two proportions were used
1:1 or 3:1 activities of 177Lu-DOTATATE: 90Y - DOTATATE.
Because available data we included to analyze the results
of therapy in 314 patients. Majority of patients underwent
90
Y-DOTATATE therapy (n 260) with progression-free
survival/time to progression (PFS/TTP) 24.7-41 months
and overall survival (OS) was 25.6-not reach months.
In that, patients’ 12 months follow up revealed: Stable
disease (SD) in 48-61 patients, disease regression (RD)
23-25 patients, disease progression (PD) was observed
11 patients and completed response (CR) 3 . In patients
treated with 90Y/177Lu-DOTATATE (n  54) PFS/TTP
was 30.4 months and OS was not reached. On 12 months
follow up revealed: SD in 60 patients, RD 20 patients,
PD was observed in 10 patients. The treatment was well
tolerated. No severe adverse events occurred. According
to World Health Organization (WHO), hematological

toxicity criteria in patients treated with 90Y-DOTATATE
grade 3 toxicity (in white blood cells (WBC) in 11 of
patients, platelets (PLT) 4 , hemoglobin 8 . In that
group, renal toxicity grade 3 was seen in 8 and grade
4 in 6 . In patients treated with tandem therapy with
90
Y/177Lu-DOTATATE or 177Lu-DOTATATE alone, renal
toxicity grade 3 or 4 was not observed; hematological
toxicity (WBC, RBC, and PLT) grade 3 was observed in
one pts (2 ) Mean creatinine clearance (CrCl) decrease
was 9.7 ml/min per year (6.1 ) in patients treated with
90
Y-DOTATATE, 5.5 ml/min per year (1.7 ) in patients
treated with 90Y/177Lu-DOTATATE.
Conclusions: The results indicate that nevertheless
used procedures and isotope PRRT is effective and safe
therapy option for patients with metastatic or inoperable
neuroendocrine tumors. Hematological toxicity was rare
in all treated patients. Renal toxicity grade 3 and 4 was
observed only in group treated with 90Y-DOTATATE.
However, more extensive studies with a larger number
of patients in the same protocol are required to evaluate
PFS and OS.
S-021

Peptide Receptor Radionuclide
Therapy with 177Lu-DOTA Octreotate
for Patients with Somatostatin
Receptor-Expressing Neuroendocrine
Tumors, The First U.S. Phase I and II
Experience
Ebrahim S. Delpassand1, 2, Amin Samarghandi1,
Sara Zamanian2, Edward M. Wolin3,
Mohammad Ali Hamiditabar1,
Gregory D. Espenan4, Jack L. Erion5,
Thomas M. O’Dorisio6, Larry K. Kvols7,
Jaime (Jim) Simon8, Robert Wolfangel9,
Arthur Camp10, Eric. P. Krenning11
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Aim: The primary aim was to study the safety and
effectiveness of multiple cycles of peptide receptor
radionuclide therapy with 177Lu-[DOTA0, Tyr3] Octreotate
(DOTATATE) in patients with somatostatin-receptor
(SSTR) expressing neuroendocrine tumors.
Secondary goal was to evaluate Fluorine-18
Fluorodeoxyglucose Positron emission tomography/
computerized tomography (F-18 FDG PET/CT)
examination as a prognostic indicator for time to
progression after PRRT.
Background: Available treatment options for metastatic
or inoperable well-differentiated gastroenteropancreatic
neuroendocrine tumors (GEP-NET) are of limited
effectiveness. At this time, there are no approved
systemic therapies for such malignancies in the
United States except for Streptozocin, Everolimus,
and Sunitinib for primary pancreatic NET. Peptide
Receptor radionuclide therapy (PRRT) with radiolabeled
somatostatin analogues was initially introduced in 1990s
and used as a novel method of treatment in patients with
inoperable and/or metastatic neuroendocrine tumors
expressing high levels of Somatostatin receptors. For the
rst time in the United States, in this study we present
the preliminary results of the treatment with multiple
cycles of the 177Lu Octreotate in patients with progressive
and disseminated neuroendocrine tumors. Role of F-18
FDG PET/CT imaging as a prognostic indicator is also
evaluated in this group of patients.
Materials and Methods: Thirty-nine patients with
disseminated and progressive neuroendocrine tumor
were enrolled in a non-randomized, phase I, II clinical
trials. All patients had a positive 111Indium-DTPA
Octreotide Scintigraphy with tumor uptake equal or
greater than the normal liver uptake and a con rmed
histopathological diagnosis of neuroendocrine tumor.
Repeated cycles of 200 mCi (7.4GBq, -/+ 10 ) 177LuDOTA Octreotate were administered up to the
cumulative dose of 800 mCi (29.6GBq, -/+ 10 ).
Co-administration of the positively charged amino acids
(15 Clinisol) along with 177Lu-DOTA Octreotate was
used as a kidney radioprotectant. Complete dosimetry
and pharmacokinetic studies were performed in six
patients.
Results: Among 34 evaluable patients, partial response
to treatment (PRMR) and stable disease (SD) were seen
in 29.4 and 47 of patients, respectively. A response
to treatment was signi cantly associated with the lower
burden of disease in the liver. Progression of disease
including death was seen in eight patients (23.5 ).
Importantly, the occurrence of death significantly
correlated with positive pre treatment 18F-FDG PET/CT
image ndings (mean standardized uptake value (SUV):
7.51, median: 8.48). No signi cant acute toxicity was
observed during or immediately following the treatment.
Hematological and hepatic toxicity grade III was seen
in 12.9 and 9.67 , respectively. Thirty- ve percent
20

of patients showed a signi cant biochemical response
following the PRRT therapy. In addition, a signi cant
longer progression free survival was seen in patients
who completed all four cycles of treatment vs. those
who received one cycle. An impressive improvement of
Karnofsky performance status and also overall EORTC
quality of life was seen after 177Lu-DOTATATE therapy.
Conclusion: Treatment with multiple cycles of
177
Lu-DOTATATE PRRT is safe and is well-tolerated.
Treatment results in tumor remission or stabilization
of the disease in majority of patients with progressive,
disseminated neuroendocrine tumors, while systemic
toxicities are limited and reversible. However, this
treatment must be considered and initiated at earlier
stages of disease since response that is more favorable
is more likely to happen in patients with low disease
burden. 177Lu-DOTATATE therapy also signi cantly
improves the quality of life of the patients. A multi
disciplinary approach is required to deal with patients
with disseminated and/or inoperable neuroendocrine
tumors.
S-022

First African and South African
Experience on 177Lu PRRNT in NETs
Mike Sathekge
Department of Nuclear Medicine, Steve Biko Academic
Hospital and University of Pretoria, South Africa
In South Africa and globally, Neuroendocrine Tumours
(NETs) is an increasingly common, yet poorly understood
group of cancers. Although available evidence suggests
that peptide receptor radionuclide therapy (PRRT) is
highly effective in controlling advanced progressive
NETs, these cancers are very dif cult to detect and present
as metastatic disease making most of them incurable.
Furthermore, social and economic constraints further
impact on the management of these patients. Many trials
of PRRT have been done in the developed world, not
taking into account these socio-economic constraints.
Recently, our institution introduced 68Ga-DOTATATE
PET/CT as routine imaging option for NETs patients,
with the aim of early detection and decreasing morbidity
and survival rates. As expected 68Ga-DOTATATE PET/
CT is contributing to the rising incidence/detection
of NETs and will later enable us to have better NETs
statistics in South Africa and Africa. This was followed by
Steve Biko Academic Hospital and University of Pretoria
successfully pioneering 177Lu-[DOTA0, Tyr3] Octreotate
(DOTATATE) PRRT in Africa and South Africa. The
implementation was possible due to collaborative
efforts from Germany, Australia, Belgium and industry
(NTP, Axiom, and ITG). The patients’ self-assessed
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tolerability of 177Lu-DOTATATE infusion/procedure
was better than with chemotherapy. 68Ga-DOTATATE
and 177Lu-DOTATATE, confirms its crucial role for
individualisation of costly NETs treatment plan. In
addition, this may produce a significant impact on
reducing the cost and more appropriate management
in NETs patients. However, the primary limitation to
PRRNT development is limited nancial investment
by the medical aid schemes and stringent government
approval criteria. Based on our introductory results
and experience, recommendations and guidelines will
be formulated, tailored to the speci c needs of Africa
and South Africa. These guidelines will lead to more
widespread use of PRRT, and as such, 177Lu-DOTATATE
therapy may well become the therapy of rst choice in
patients with metastasized or inoperable NETs.
S-023

188-Re HEDP Therapy of Hormone
Refractory Bone Metastases of
Prostate and Breast Cancer:
A Retrospective Analysis
H. J. Biersack

Signi cant pain palliation was common and independent
of administration frequency. These investigations were
extended to patients with breast cancer and hormone
refractory bone metastases. In a retrospective study, 35
patients received one therapy, 16 patients two therapies,
and seven patients three or more therapies. The same
radiopharmaceutical (188Re-HEDP) was used. In 23
patients who could be followed for several months, in 17
cases an improvement of pain palliation was observed.
Patients who had received three or more therapies
showed an improved survival with 50 months compared
to patients who received only one or two therapies (13
versus 11 months). These data show clearly that bone pain
palliation using 188Re-HEDP is also successful in patients
with breast cancer, concerning an improved survival.
S-024

Dosimetry in Targeted Radionuclide
Therapy: The Bad Berka Dose
Protocol-Practical Experience
Christiane Schuchardt, Harshad Kulkarni,
Carolin Zachert, Richard P. Baum
1

Department of Nuclear Medicine, University Hospital Bonn.
Bonn, Germany

Theranostics Center for Molecular Radiotherapy and
Molecular Imaging, ENETS Center of Excellence,
Zentralklinik Bad Berka, Germany

Radionuclide therapy of bone metastases was first
used decades ago by administration of 32 P, which is
incorporated in the DNA of rapidly proliferating bone
marrow cells. Later on, 89 Sr-chloride had been used,
followed by 186Re-HEDP and 153Sm-EDTMP. In 2012
alpharadine (123 Ra) appeared on the market. Our group
has extensive experiences with 188Re-HEDP, which
was introduced by Russ Knapp from Oak Ridge more
than 20 years ago. First clinical results of a dose nding
studies were published in 2000, and a maximum dose
of 80–90 mCi was well-tolerated. According to these
results, successive administrations of 188Re-HEDP
were used in patients with bone metastases of prostate
cancer. Results of this study were published in 2003.
This paper summarized results of repeated bone target
and therapy for hormone refractory prostate carcinoma
in a randomized phase II trial. We observed a good pain
palliation, and an extended overall survival from seven
to approx. 13 months after two therapies. In the year
2012, we published a retrospective analysis on the results
of palliation and survival after repeated 188Re-HEDP
therapies of bone metastases of prostate cancer. Patients
received between three and more therapies. Due to this
treatment, overall survival could be improved from 4,
5 to 15, 7 months by multiple injection bone targeted
therapy, when compared with a single injection.

Aim: Calculating the absorbed dose is important for the
determination of risk and therapeutic bene t of internal
radiation therapy. Optimal dose estimations require
time-consuming and sophisticated methods, which are
dif cult due to practical reasons. To make dosimetry
available for each of the patients, we developed a speci c
dosimetry procedure used in daily clinical routine.
Materials and Methods: Dosimetry has been performed
according to the Medical Internal Radiation Dose
(MIRD)-scheme and adapted to the special conditions at
our department (which we have called as the Bad Berka
Dose protocol, BBDP): Conjugated planar whole-body
scintigraphies at 0.5 h, 3 h, 24 h, 48h, and 72 h p.i.
are analyzed by regions of interest with ‘HERMES
WHOLE-BODY DISPLAYTM and the time-dependent
organ and tumor activities are determined with
Microsoft EXCELTM. The cumulated activity is calculated
using the software ORIGIN PRO 8.1GTM and a monoor biexponential t of the time-activity curves. Mean
absorbed doses are nally estimated using the software
OLINDA EXMTM.
Results: We found a compromise between the calculation
model and practical conditions. It has ensured dose
estimation in daily clinical routine with a reasonable
effort and within acceptable time. In consequence, the
dosimetry method developed for Bad Berka allows each
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of our patients to undergo dosimetry after therapy using
Lu-177 labeled peptides (peptide receptor radionuclide
therapy, PRRT). Additionally, this approach can be used
for any internal radiotherapy using a gamma-emitting
radionuclide.
Conclusions: The Bad Berka Dose protocol is a
practicable dosimetric approach, which can be used in
daily clinical routine. It not only helps in identifying
patients who would bene t most from the treatment,
but also those with unfavorable dosimetry. Additionally,
the analysis of dosimetric data from PRRT could help in
predicting possible toxicity.
S-025

Yttrium Microsphere Radio
Embolization for Liver Malignancies:
A Technical Overview
90

Sandeep T. Laroia
Department of Radiology, University of Iowa Hospitals and
Clinic, Iowa, USA
The incidence of the liver tumors is increasing worldwide;
concurrently, liver-directed therapies are also evolving
rapidly. Management of these complex disease processes
involves a multidisciplinary approach; hence, it is
imperative to understand the underlying management
principles thoroughly. This overview is intended to
provide an easy, systematic approach to transcatheter
brachytherapy, also known as radioembolization (RE).
A brief overview of the anatomical issues, transcatheter
technique, and intraarterial RE will be provided.
S-026

Targeted Alpha-Particle
Immunotherapy with Bismuth-213
and Actinium-225 for Acute Myeloid
Leukemia
Joseph G. Jurcic
Department of Medicine, Memorial Sloan-Kettering Cancer
Center, New York, NY, 1275 York Avenue, New York,
NY 10065
Lintuzumab, a humanized anti-CD33 antibody,
targets myeloid leukemia cells and has modest
activity against acute myeloid leukemia (AML). To
increase the antibody’s potency yet avoid nonspeci c
cytotoxicity seen with E-emitting isotopes, lintuzumab
was conjugated to the D-emitters bismuth-213 (213Bi) and
actinium-225 (225Ac). The 46-minute half-life of 213Bi limits
22

its widespread use. Therefore, 225Ac was also conjugated
to various antibodies using DOTA-SCN. We conducted
a phase 1 trial of 213Bi-lintuzumab and subsequently
administered cytarabine with 213Bi-lintuzumab in a
phase 1/2 study. The toxicity and biological activity
of 225 Ac-linutuzumab in patients with relapsed/
refractory AML in a phase 1 dose-escalation trial was
determined. An initial phase 1 trial demonstrated
the feasibility, safety, and antileukemic activity of
213
Bi-lintuzumab. 213Bi-lintuzumab produced responses
in 24 of AML patients receiving dosest37 MBq/kg
after partial cytoreduction with cytarabine. 225Ac-labeled
immunoconjugates killed in vitro at doses at least 1,000
times lower than 213Bi analogs. Eighteen patients with
relapsed/refractory AML received 18.5-148 kBq/kg
of 225Ac-lintuzumab in a phase 1 study. Dose-limiting
toxicities were myelosuppression lasting ! 35 days in
one patient and death due to sepsis in two patients.
The maximum tolerated dose (MTD) was 111 KBg/
kg. Bone marrow blast reductions were seen across
all dose levels. Targeted D-particle immunotherapy
with 213Bi- and 225Ac-lintuzumab is safe, has signi cant
antileukemic effects, and can produce remissions after
partial cytoreduction.
S-027

Glioblastoma Therapy with Substance
P labelled with Bismuth-213
Leszek Królicki, Jolanta Kunikowska,
Henryk Koziara1, Alfred Morgenstern A2,
Bruchertseifer F20DFLHM-DNXFLĔVNL3,
Dariusz Pawlak45HQDWD0LNRáDMF]DN4,
Bartosz Królicki16áDZRPLU%DUV]F]1
Department of Nuclear Medicine, Medical University of
Warsaw, Poland, 1European Commission, Joint Research
Centre, Institute for Transuranium Elements, 2Institute of
2QFRORJ\0DULD6NáRGRZVND&XULH0HPRULDO&DQFHU
Center, Warsaw Branch, Warsaw, Poland, 3Department of
Nuclear Medicine, Brodnowski Hospital, Warsaw, Poland,
4
National Centre for Nuclear Research, Radioisotope Centre,
3RODWRP2WZRFNĝZLHUN3RODQG
Diffuse character of glioblastoma (GM) and its biological
properties produced that surgical resection, aggressive
chemotherapy and radiotherapy not preserve against
recurrence. Intratumoral application of chemotherapy
(CED) or radiopharmaceuticals are develop since many
years as an another option of treatment. Reubi et al.,
have been demonstrated that Neurokinin type I (NK-1)
receptor system is extensively expressed in glioma cells,
and substance P can be use as a ligand for therapeutic
procedures. It seems that alpha-emitter 213Bi is an

World Journal of Nuclear Medicine/Vol 12/Supplement 1/February 2013

Abstracts

adequate radioisotope for treatment of brain tumors.
Aim of this preliminary study is to describe the effect of
the intratumoral administration 213Bi-DOTA-substance
P in patients with recurrence of GB despite of routine
treatments (surgery, radio- chemo- therapy).
Materials and Methods: Since March 2012, fteen
twelve patients were included to the study. Magnetic
resonance imaging (MRI), fluorodeoxyglucose
positron emission tomography (FDG-PET) as well,
in some cases, fluoroethyl-l-tyrosine positron
emission tomography (FET-PET) examinations were
performed before and during treatment. In all cases
PET examination showed signi cant uptake of FDG in
the tumor. One or two catheters were stereotaxically
implanted 2-4 weeks before treatment for application
of approximately 30-60 mCi of 213Bi-DOTA-substance
P in one cycle. One cycle of 213Bi-DOTA-substance P
treatment was performed in nine patients, two cycles
in three patients, and 3-4 cycles in three patients. Each
application was controlled by using Positron emission
tomography - computed tomography (PET/CT) with
68
Ga-DOTA-substance P added to the therapeutic
dose. Before administration of 213Bi-DOTA-substance
P mannitol, steroids and antiepileptic drugs were
added or continued.
Results: Some mild transient adverse reactions after
intratumoral administration of 213Bi-DOTA-substance P
were observed: In four cases - epileptic seizures, in two
cases increase of focal neurological symptoms (aphasia
or paresis). Stabilization of disease was noted in eight
patients; regression of disease in two patients, and
progression of disease was diagnosed in one patient.
Four patients died during the observation period.
Conclusions: The local radiotherapy using
213
Bi-DOTA-substance P is well tolerated by patients. The
preliminary results of 213Bi-DOTA-substance P treatment
of patients with recurrence GM seems to be promising,
especially in the group with single pathological focus.
68
Ga-DOTA-substance P PET scan can be performed as
a very useful test for controlling of radiopharmaceutical
application. Future study and long time of follow-up is
needed.
S-028

Treatment of Bladder Cancer with
Bi-213-anti-EGFR Immunoconjugates
in a Nude Mouse Model
Christof Seidl, Birgit Pfost,
Felix Müller, Silvia Rötzer,
Julia Fazel, Klaus-Peter Gilbertz1,
Annette Feuchtinger2, Gregor Weirich3,
Alfred Morgenstern4, Frank Bruchertseifer4,

Michael Autenrieth5, Markus Essler,
Reingard Senekowitsch-Schmidtke
Department of Nuclear Medicine, Technische Universität
München, 1Institute of Radiobiology, German Armed
Forces, Munich, 2Institute of Pathology, Helmholtz
Zentrum München, Neuherberg, 3Department of Pathology,
Technische Universität München, Munich, 4Institute for
Transuranium Elements, European Commission. JRC,
Karlsruhe, 5Department of Urology, Technische Universität
München, Munich, Germany
Introduction: Therapy of non-muscle-invasive bladder
cancer (carcinoma in situ ) comprises transurethral
resection of the tumor and subsequent instillation of
the chemotherapeutic drug mitomycin C to eradicate
remaining tumor cells. Yet, 15–40 of treated patients
relapse within 5 years. Therefore, new therapeutic
strategies to combat tumor recurrence are needed.
Alpha-particle emitting radionuclides efficiently
kill single tumor cells or small tumor cell clusters.
Because the epidermal growth factor receptor (EGFR)
is overexpressed on bladder cancer cells conjugates
composed of the alpha-emitter Bi-213 and the anti-EGFR
antibody matuzumab should provide a powerful drug to
eliminate disseminated bladder cancer cells. Therefore,
the aims of our study were (i) to analyze the cytotoxic
effects of Bi-213-anti-EGFR radioimmunoconjugates at
the cellular level, (ii) to evaluate therapeutic ef cacy of
intravesically applied Bi-213-anti-EGFR-Mab in a nude
mouse model with intravesical human bladder cancer
xenografts, (iii) to compare Bi-213-anti-EGFR-Mab
ef cacy with chemotherapy using mitomycin C, and
(iv) to demonstrate that radioimmunotherapy does not
damage the bladder wall.
Materials and Methods: The alpha-emitter Bi-213 was
eluted from a generator system provided by the Institute
for Transuranium Elements (European Commission, JRC,
Karlsruhe, Germany) and coupled to the monoclonal
anti-EGFR-MAb (matuzumab, Merck, Germany) via the
chelating agent CHX-A”-DTPA. Alpha-particles emitted
from Bi-213 (t½ 46 min) exhibit a short range in tissue
of approximately 50-90 Pm and a LET of 60-150 keV/
Pm. Speci c targeting of EJ28 human bladder cancer cells
by Bi-213-anti-EGFR-MAb is due to overexpression of
EGFR. The cytotoxic potential of Bi-213-anti-EGFR-MAb
conjugates was investigated in vitro via quanti cation of
DNA double-strand breaks (DSBs). The H2AX histones
are immediately phosphorylated to JH2AX at the sites
of DSBs. Using an antibody that speci cally binds to
JH2AX, DSBs can be quanti ed. EJ28 bladder cancer cells
were incubated with different activity concentrations
of Bi-213-anti-EGFR-MAb conjugates (37 kBq/ml–2.96
MBq/ml) for 3 h. At different time points after incubation,
JH2AX was detected via immunoflourescence, flow
cytometry, and Western blotting. Quantification of
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immuno uorescence signals was done by image analysis
(De niens Cognition Network Technology ). Therapeutic
ef cacy of Bi-213-anti-EGFR-MAb was evaluated in an
orthotopic human urothelial carcinoma nude mouse
model using EJ28-luc cells, stably transfected with
re y luciferase. At 1 h, 7 d, and 14 d after intravesical
inoculation of EJ28 bladder cancer cells, mice were instilled
with Bi-213-anti-EGFR-MAb (0.37 or 0.925 MBq), the
chemotherapeutic drug mitomycin C (40 Pg), or unlabeled
anti-EGFR-MAb. Animals with progressed tumors, i.e.,
between days 14 and 36 after tumor cell inoculation,
received three consecutive applications of 0.46 MBq
Bi-213-anti-EGFR-MAb every 4th day. Tumor development
was monitored by bioluminescence imaging and survival
was observed up to 300 days. For evaluation of radiation
injury urothelia of mice that had been intravesically
injected with 0.925–3.7 MBq of Bi-213-anti-EGFR-MAb
were examined histologically 300 d after treatment.
Results: Treatment of EJ28 bladder cancer cells with
Bi-213-anti-EGFR-MAb ef ciently induced DSBs, as
detected via JH2AX foci. The number of JH2AX foci
per cell and the number JH2AX positive cells increased
with increasing Bi-213-anti-EGFR-MAb activity
concentrations. With increasing time after treatment,
the number of JH2AX foci gradually decreased but
did not reach control level even after 24 hours. These
results indicate that repair is impaired in EJ28 cells,
because JH2AX becomes rapidly dephosphorylated to
H2AX after repair of DSBs. Control mice treated with
unlabeled anti-EGFR-MAb showed a median survival
of 89 days. Mice that were intravesically injected with
0.925 MBq of Bi-213-anti-EGFR-MAb 1 h, 7 d, or 14 d
after cell instillation survived longer than 300 d in 90 ,
80 , and 40 of the cases, respectively. Therapy with
0.37 MBq of Bi-213-anti-EGFR-MAb 1 h or 7 d after
intravesical cell inoculation resulted in survival of
more than 300 d in 90 and 50 of mice, respectively.
Treatment of mice with mitomycin C 1 h or 7 d after
cell instillation prolonged survival beyond 300 d in
40 and 50 , respectively. However, application
of mitomycin C turned out to be nephrotoxic. In
contrast, nephrotoxicity was not observed after
therapy with Bi-213-anti-EGFR-MAb. Fractionated
treatment of advanced tumor stages between day
14 and 36 after cell instillation was effective in 50
of all cases. Threefold application of 0.46 MBq of
Bi-213-anti-EGFR-MAb every 4 th day resulted in
a clear decrease of the bioluminescence signals
compared to the pre-treatment signals. Moreover,
repeated administration of therapeutically ef cient
Bi-213-d9MAb activities (up to 0.925 MBq) did not
damage normal urothelia of animals as con rmed by
histopathology. Three hundred days after intravesical
injection of 3.7 MBq of Bi-213-anti-EGFR-MAb, mild to
moderate in ammation of urothelia could be detected.
Conclusion: Radioimmunotherapy of xenograft
24

bladder cancer using the alpha-emitter Bi-213 coupled
to an anti-EGFR antibody proved highly ef cient in
a nude mouse model. High cytotoxicity of Bi-213 is
predominantly due to massive induction of DSBs in the
nuclei of tumor cells. Therefore, Bi-213-anti-EFGFR-MAb
therapy will be evaluated in a clinical study soon.
S-029

Dosimetry for Alpha-Emitter
Therapy: Approach to Treatment
Planning
George Sgouros
Johns Hopkins University, School of Medicine, Baltimore,
Maryland, USA
Metastasis to distant organs remains the major cause
of mortality in cancer patients. Despite ongoing efforts
with new chemotherapeutics, small molecule inhibitors
and biologics, patients with distant metastases continue
to have a grim prognosis. Alpha-particle-emitting
radionuclides have recently been investigated as
possible cytotoxic agents. Alpha-particles lead to highly
disruptive and largely irreparable deoxyribonucleic acid
(DNA) double strand breaks capable of killing a cell
with as few as one to two tracks through the nucleus.
Accordingly, radiation damage caused by D-particles
is considered impervious to conventional cellular
resistance mechanisms such as effusion pumps, signaling
pathway redundancy, and cell cycle modulation (e.g., cell
dormancy, G1/G0 or G2/M block). Consequently, there is
growing interest in D-particle emitters for cancer therapy.
Radiation dosimetry offers a means for standardizing
and comparing the ef cacy of different radiation-based
treatments. It provides a logical basis for understanding
the effects that various radiation qualities have on
biological matter. For alpha particle emitters, accurate
dosimetry calculations require knowledge of the activity
distribution as a function of time at the cellular and
subcellular level. Furthermore, an accurate representation
of the geometry at this level is also required. For in vitro
experiments (i.e., cell survival studies), the activity
distribution is straightforward, consisting of uptake on
the surface or within the cell, along with a known fraction
in the surrounding solution. In these experiments, the
cell and nucleus can be approximated as concentric
spheres the dimensions of which can be easily measured.
However, for clinical applications, these idealizations
give way to complex activity and tissue geometries. In
these cases, modeling the three-dimensional geometry
of a spheroid or using microscopic data from tissue
biopsy samples can provide information on the target
geometry. Determining the activity distribution,
however, remains difficult. Autoradiography may
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provide a snapshot of the activity distribution at one
instance in time. However, the determination of the
activity as a function of time may require mathematical
modelling of the carrier molecules as they diffuse
through tissue and bind to markers on cell surfaces.
Ideally, such modelling should be validated using animal
model measurements, in vivo. In order to be relevant
to human dosimetry, such microscopic longitudinal
measurements and related modelling need to be related
to data that can be collected in humans. A technique
that ties pre-clinical microdistribution data, obtained
by autoradiography with macroscopic measurements
(by gamma counting or small animal imaging, and by
patient Single-photon emission computed tomography
(SPECT) imaging, respectively) in preclinical models and
in humans has been developed. The method is founded
on establishing a relationship between whole-organ
time-integrated activity (TIA) and TIA apportioned to
microscale substructures as measured in an appropriate
pre-clinical mammalian models. In both, the pre-clinical
and the human model, microscale substructures are
described as a collection of simple geometrical shapes
akin to those used in the Cristy-Eckermann phantoms for
normal organs. Anatomical parameters are taken from the
literature for a human model, while murine parameters
are measured, ex vivo. The murine histological slides also
provide the data for volume of occupancy of the different
compartments. In the kidneys, this would be the volume
occupancy of the nephron: Glomerulus vs. proximal
tubule vs. distal tubule. Monte Carlo simulations are then
run using this geometry for the particle alpha-emitter
being investigated. Adopting the medical internal
radiation dose (MIRD) nomenclature, S-values are
calculated for the D-emitters and, if necessary, their
descendants between the different compartments for
both the human and murine models. Validation of the
approach may be performed by correlating absorbed
dose to effects in the pre-clinical model and potentially
using different pre-clinical models to demonstrate that
the TIA apportionment to sub-compartments is constant
across species for the particular agent being investigated.
Details regarding the macro to micro model technique
are provided elsewhere.
S-030

PET-CT Based Decision for Treatment
of Lung Cancers
Sudershan Bhatia
Holden Comprehensive Cancer Center, University of Iowa
Hospitals and Clinics, Iowa City, IA
Fluorine-18 fluorodeoxy-glucose (FDG) based
positron-emission tomography (PET) has become an

integral part of lung cancer management. Evidence
supports superior diagnostic efficacy of Positron
emission tomography - computed tomography (PET-CT)
compared to CT alone. As a diagnostic tool, PET-CT helps
differentiate between benign and malignant tumors. It
can potentially detect unknown primary lesions. It
is being used to assess lymph node involvement in
patients with non-small cell lung cancer, however, its
sensitivity in this regard is relatively low compared to
pathologic nding and requires mediastinoscopy or
endoscopic-ultrasound guided biopsy for con rmation.
A meta-analysis found PET-CT to have more speci city
but less sensitivity for mediastinal nodal metastasis in
patients with non-small cell lung carcinoma.
PET-CT has proven to up-stage IIIA and IIIB cases into
stage IV with the detection of distant metastasis, thereby,
rightfully changing the course of treatment from curative
to palliative and preventing the unnecessary thoracic
surgery. It has high sensitivity, speci city, and accuracy
in detecting bone metastasis, and it has reduced the need
for bone scan evaluation. Complete tumor staging ability
in a single exam contributes substantially to selecting the
appropriate therapy.
For radiation treatment planning, PET-CT adds biological
information in the form of active tumor and glucose
consumption and provides functional imaging. The
property of differentially increased glucose consumption
by cancer cells is further being explored at the University
of Iowa with a clinical trial of Ketogenic diet as supportive
therapy along with standard chemo-radiation.
PET-CT based radiation eld planning has signi cantly
improved gross tumor volume (GTV) delineation, and
allows appropriate dose painting for intensity modulated
radiation therapy (IMRT), image guided radiation
therapy (IGRT) and adaptive radiotherapy. It has enabled
higher radiation doses to be delivered in stereotactic
body radiation therapy (SBRT). PET-CT is also credited
with the evolution of radiation therapy for non-small
cell as well as small cell lung cancer from elective nodal
irradiation to involved eld irradiation. It also enables
dose escalation to the tumor while limiting dose to the
normal structures. New advancements in PET-CT with
the use of respiratory-gated 4D PET-CT will further
enhance precision in diagnosing and treating moving
tumors of the lung.
PET-CT is also valuable in tumor response evaluation
and early detection of recurrence.
S-031

PET/CT in Radiation Therapy
Lakshmi Santanam
Department of Radiation Oncology, Washington University,
4921 Parkview place, St.Louis MO 63110
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Aim: Positron emission tomography - computed
tomography (PET/CT) has been used in Radiation
therapy (RT) for tumor detection, staging, planning,
and RT response. This talk will brie y outline the use
of PET/CT imaging for the treatment of cervix cancer.
Materials and Methods: Methods used at our institution
for the utilization of PET/CT for RT treatment will
be discussed. These include image acquisition, image
registration with treatment planning CT imagesets,
target and normal structure delineation, treatment
planning, and treatment response monitoring.
Results: For image acquisition, patients are immobilized
in an alpha-cradle and imaged in a supine position
on a multi-slice big bore CT scanner in the Radiation
Oncology (RO) department. Patients are marked for
repositioning during PET imaging and for subsequent
treatments. These patients are administered Fluorine-18
uorodeoxyglucose (F18-FDG) and undergo PET/CT
imaging in the Radiology department. Images from
PET/CT are fused with the RO-CT.Targets and organs
at risk are delineated using a combination of the CT
and PET images. The maximum standardized uptake
value (SUVmax) in the PET/CT images is a predictive
biomarker for detecting lymph node status, risk of
disease recurrence, and overall survival. The PET images
are used to identify the FDG-enhanced para-aortic and
pelvic lymph nodes (PALN, PLN) and cervix volumes.
These are called the Metabolic target Volumes (MTV).
These are used in addition to the target volumes
contoured on the CT scans with additional margins to
de ne the planning target volumes (PTV). Treatment
planning is performed by optimizing doses to the
speci ed target volumes while minimizing doses to the
organs at risk. Doses are speci ed for the MTV and the
PALN, PLN and cervix volumes in contrast to earlier
methods where MTV volumes were not delineated.
Treatment planning is usually performed with Intensity
Modulated Radiotherapy (IMRT) ensuring that at least
95 of the PTV is covered by 95 of the prescription
dose. Treatment delivery is performed on a Linear
accelerator with volumetric imaging, adequately aligning
the patient using the planning CT and Cone beam CT
obtained before treatment. Evaluation of the treatment
response is obtained from the follow-up PET/CTs. Data
corresponding to different months of follow-up will be
presented.
S-032

PET/MR in Nano-Medicine
George Loudos
Department of Medical Instruments Technology,
Technological Educational Institute of Athens,
Ag. Spyridonos 28, Egaleo, 12210, Athens, Greece
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Multimodal molecular imaging links the empirical
diagnostics and experimentally tried treatment
management protocols with the fundamental
understanding of the underlying processes that
generate the observed results, usually by combining high
resolution anatomical with high sensitivity functional
images. The combination of Computerized Tomography
(CT) with Single Photon Emission Tomography (SPET)
and Positron Emission Tomography (PET) has lead to the
commercial products such as PET/CT and SPECT/CT,
which have been established in clinical practice with
signi cant impact. However, those systems are not truly
simultaneous and CT information is provided with an
additional radiation dosage. Over the past ten years, there
has been a tremendous interest in combining (S) PET with
magnetic resonance imaging (MRI), which recently led to
commercial systems. The obvious bene t from merging
these technologies is improved spatial resolution and soft
tissue contrast, increased sensitivity and low radiation
dose. The introduction of Silicon Photomultipliers
(SiPMs) exploded the interest in hybrid PET/MR research.
Their advantages include MR compatibility, fast timing
information, low supply voltage, high gain, low cost
and compact size that allows the construction of exible
geometries. Besides the existing clinical system, which
is based on Avalanche Photodiodes (ADP) technology,
two more systems are being developed based on the
new SiPM detectors. Moreover, a number of prototype
hybrid systems have been presented aiming to preclinical
applications and dedicated organ imaging. Molecular
imaging with PET-MR is an interdisciplinary topic;
new instrumentation, data acquisition and processing
strategies, bimodal contrast agents and preclinical
and clinical protocols need to be designed, evaluated,
and optimized. While researchers seek for the “killer
clinical application,” it is now well recognized that one
of the major advantage of PET/MR compared to other
multimodal technologies is the possibility to exploit a new
generation of bimodal tracers, which originate from the
emerging eld of nanomedicine. Targeted drug delivery
using multifunctional nanoparticles has become a rapid
growing eld due to their signi cant advantages. One
of the most challenging properties is the incorporation
of anticancer drugs in low quantities that are released
at the target disease site and can maximize therapeutic
effects, while minimizing toxic effects. Nanoparticle
vehicles can penetrate physical barriers, such as blood
brain barrier and improve therapeutic ef cacy. However,
it is necessary to have available a non-invasive imaging
technique, to assess their spatiotemporal biodistribution
and obtain information on whether nanoparticles have
successfully reached the target organ, if they remain
stable, if they concentrate on other non-desirable sites
and even monitor therapy. Radiolabeling multifunctional
nanoparticles with PET isotopes including Ga-68, is
possible, in order to use these standard techniques for
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their in vivo imaging. To this direction, PET/MR can
play a signi cant role in their preclinical evaluation, as
well as clinical application and image-guided therapy
for the treatment of diseases with high social impact.
This talk will review the current state of art in PET/
MR technology and its combination with nanomedicine
including: i) Technological concepts on hardware and
software, ii) existing commercial systems and preclinical
prototypes, iii) progress in bimodal tracers with emphasis
on magnetic nanoparticles, vi) challenging preclinical
applications, and vii) initial clinical applications. Finally,
the future research and application directions will be
highlighted.
S-033

Progress in Peptide Receptor
Radionuclide Therapy and
Radioimmunotherapy
Jing Wang
Nuclear Medicine Department, Xijing Hospital,
Xi’an, China
Based on various targets, radionuclide therapy strategies
can be generally divided into two major groups. One
group is the peptide receptor radionuclide therapy,
also called PRRT, whose targets are the cell membrane
receptors, another one is called “radioimmunotherapy”,
or RIT, whose targets are the cell antigens. While we are
thinking about targeted radionuclide tumor therapy, three
key issues need to be kept in mind: Targets, radionuclides,
and labeling approaches. This slide illustrates different
targets, radionuclides, and various labeling approaches.
Both of approaches have been extensively studied in
the past few years, and many progresses have been
achieved. The number of PRRT papers is increasing
each year. The number of RIT papers is stable or slightly
decreasing. There are several advantages of PRRT, for
example, the probe is normally a short peptide, which
has low molecular weight and easily cleared from the
blood, leading to a higher tumor to background ratio. In
addition, the peptides are non-immunogenic and easy
to be prepared. All these advantages made the PRRT
an ideal approach for radionuclide target therapy. The
most commonly used radionuclides for PRRT are 131I,
90Y, and 177Lu. All these radionuclides can produce
a high-energy E particle, which easily penetrates the
tissue and destroys more cells around the target probe.
Therefore, many efforts have been focused on these
radionuclides. Recently, the utility of the alpha-emitter
such as 212Bi and 211At has been reported. Results
showed promising biological effectiveness. As we know,
the somatostatin receptors (SSRT) have been successfully
studied in the past two decades. More recent studies

demonstrate that high-energy beta-emitters such as
90Y are appropriate for the treatment of larger tumors.
Medium- and lower-energy beta-emitters, such as 177Lu,
may be more suitable for treating smaller or metastatic
tumors. Although many endocrine tumors highly express
the SSR, there are still lots of tumors, which do not express
the SSR. To conduct the PRRT to those negative tumors,
the transgenic technology can be generally considered.
Our lab has been focused on the research of transferring
the SSTR2 into those negative tumors such as A549,
and then treating the tumors by radionuclide labeled
somatostatin analogues (SSA). Immunostaining and
imaging of reporter gene clearly showed the successful
transfect with SSTR2 into A549 tumor model. The gure
illustrated signi cantly tumor growth inhibition in SSTR2
transfected tumor model. To improve the ef cacy of
treatment further, combination therapy strategy has been
used in our lab. Cytosine Deaminase (CD) gene together
with somatostatin receptors-2 (SSTR2) was transfected
to SSTR2 negative A549. The immunostaining clearly
showed SSTR2 express. The scintigraphy confirmed
that 99mTc-Octrotidet highly accumulated in the SSTR2
transfected A549 tumor. Additionally, 131IRC-160
combined with 5-FC is more ef cient in inhibiting the
growth of CD-SSTR2 transfected A549 than other single
treatment or control group. In addition to SSR, integrin is
another good target, which has been extensively studied.
NGR containing peptide targeting the aminopeptide
N is another promising method for tumor therapy. To
further advance PRRT, we need to identify new targets,
develop new probes and ef cient labeling approaches.
For instance, by using DNA chip and protein chip, we
can perform high throughput screening to identify new
targets more ef ciently. Based on the new targets, we
can develop target-speci c probes and improve PK of
existing probes through chemical modi cations. Lastly,
various labeling methods can be explored for therapy
applications. RIT is another important radionuclide
target therapy, which has been developed for about three
decades. Encouraging results for RIT with 131I-labeled
anti-CD20 monoclonal antibodies (131I-tositumomab)
were rst reported in 1993 for patients with recurrent
B-cell non-Hodgkin’s lymphomas (NHL). Since then,
more and more radionuclide labeled monoclonal
antibodies have been explored for RIT. In 2007, The
State food and drug administration (SFDA) approved an
effective treatment for patients with lung cancer, which
is radioimmunotherapy with Iodine 131I labeled tumor
necrosis therapy monoclonal antibody (131l-chTNT).
131l-chTNT can target the tumor necrotic regions. As
compared to other RIT targeting to the membrane antigen,
131chTNT targets the nucleus. The clinic studies from my
group showed that the 131l-chTNT could speci cally
localize in the lung cancer and inhibit its growth. A
group from our university successfully developed a
131I-metuximab targeting to CD147 for Hepatocellular
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carcinoma (HCC). The probe was approved by SFDA in
2006. 99mTc-colloid imaging showed the defect region
where 131I-metuximab demonstrated high uptake. The
clinical ef cacy of 131I-metuximab in treatment of HCC
is 27.4 ; it can improve the median survival period up
to 20 months. Although RIT is a promising approach for
cancer treatment, there are still several disadvantages for
RIT. First, the monoclonal antibodies used for RIT usually
have large molecular weight, and show slow clearance
from blood, leading to a lower tumor to background
ratio. Another drawback is that the antibodies often lead
HAMA (human anti-mouse antibody reaction). Future
directions for RIT include using lower molecular weight
antibody, improving its binding af nity, and decreasing
its HAMA. Advanced methodology for RIT needs be
developed as well. To summarize, both PRRT and RIT
are effective methods in cancer treatment. Many efforts
have been made during the past several years. Various
radionuclide labeled peptides and monoclonal antibodies
have been tested in preclinical and clinical models. The
results are quite promising.
S-034

Peptides and Receptors in
Image-Guided Therapy: Theranostics
for Neuroendocrine Neoplasms
Richard P. Baum
Chairman and Clinical Director, Theranostics Center for
Molecular Radiotherapy and Molecular Imaging, ENETS
Center of Excellence, Zentralklinik Bad Berka, Germany
Molecular phenotypes in neoplasms can be determined
by molecular imaging using Positron emission
tomography (PET) and Single-photon emission
computed tomography (SPECT) with speci c probes
directed against the tumor or its environment. The
acronym Theranostics characterizes the emerging
eld of molecular targeting of vectors, which can be
used for both, therapy and diagnosis, when modi ed
accordingly. This term was specifically used in the
context of certain radiopharmaceuticals, so that the
same molecular targeting vector, e.g., a peptide or
antibody or small molecule, when labeled with a positron
or gamma emitter can be used for diagnosis using
Positron emission tomography - computed tomography
(PET/CT) or Single-photon emission computed
tomography-computed tomography (SPECT/CT), and when labeled with a beta or alpha emitter - may be used
for therapy of a particular disease. The importance of
Theranostics is that molecular imaging and diagnosis of
the disease can be effectively followed by personalized
treatment utilizing the same molecular vector. One of
the classic examples of Theranostics is the use I-123
28

or 1-131 for diagnosis of thyroid disorders or thyroid
cancer and of I-131 for radioiodine therapy of the disease.
Another example are Ga-68 labeled molecules, wherein
the diagnostic agent labeled with the generator-derived
radionuclide can be effectively followed by using the
same vector, but labeled with a therapeutic radionuclide,
e.g., Lu-177 or Y-90, can be applied for personalized
radionuclide therapy. In addition, individualized patient
dosimetry (pre- and post therapeutic imaging) and
assessment of therapy response (quantitative imaging
by Ga-68 PET/CT) add to the potential of personalized
molecular imaging and therapy.
Diagnostics: Theranostics of neuroendocrine tumors
(NETs) at our the Bad Berka multidisciplinary
neuroendocrine tumor center using Ga-68 labeled tracers
for diagnostics with PET/CT (at the Zentralklinik Bad
Berka we have now experience with more than 7,500
PET/CT studies performed with Ga-68 labeled peptides).
A number of novel Ga-68 labeled tracers have recently
become available for Theranostics, also including
non-peptidic tracers such as the biphosphonate-based
agent BPAMD - ((4-{[bis-(phosphonomethyl))
car-bamoyl] methyl -7,10 bis (carboxymethyl)-1,4,7,10tetraazacyclododec-1-yl) acetic acid. PET/CT with Ga-68
BPAMD using the readily available generator-produced
radionuclide is more sensitive and provides for
high-resolution imaging, with concurrent whole body
CT for anatomical correlation. The Bad Berka group
was also the rst to use in humans, a Ga-68 labeled
gastrin releasing peptide receptor (GRP-R) selective
bombesin analogue AMBA (DO3A-CH2CO-G-4aminobenzoyl-Q-W-A-V-G-H-L-M-NH2) and the
gastrin-releasing peptide receptor (GRP-R) antagonist
demobesin for imaging of metastatic breast, lung and
prostate cancers. Many other Ga-68 radiopharmaceuticals
have been used by our group as rst in human studies,
such as Ga-68 labeled macroaggregates (MAA) for
lung perfusion PET/CT, Ga-68 DOTA- alpha-MSH
(melanocyte stimulating hormone) in a patient with
metastatic ocular melanoma, and Ga-68 labeled af body
molecule targeting HER2. Our experience confirms
that Ga-68 is a very useful, practical and affordable
radionuclide for high-resolution PET/CT imaging and
holds great promise for the future.
As we move towards personalized medicine, the
diagnostic information obtained from PET/CT must
be improved, i.e., by fast and routine quanti cation
of lesions. The Bad Berka Molecular Imaging Tool
(BBQ-MIT) has been developed by us based on the
cognition network language (CNL), provided by
Definiens AG (Munich, Germany). BBQ-MIT is an
automatic, user-independent routine for segregation
and quanti cation of neoplastic lesions in molecular
PET/CT DICOM sets. This prototype routine built on
CNL for PET/CT images enables automatic analysis of
lesions, e.g., by calculating standardized uptake value
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(SUV), molecular tumor volume (MTV), molecular
tumor diameter (MTD), molecular tumor index (MTI 
SUVuMTD), whole-body and organ tumor burden and
many other parameters. It seems especially promising
for shortening the analysis time for reading a PET scan
with many tumor lesions, improving reproducibility, as
well as increasing the sensitivity in lesion detection. We
rmly believe that BBQ-MIT is a de nite step forward
and should set a trend towards the fast and accurate
analysis of serial PET/CT, allowing monitoring of tumor
response and assessment of therapy effect early in the
course of therapy, thus enabling effective personalized
patient management.
Also promising prospects in the Theranostics of
NETs include the use of fourth generation peptides,
somatostatin receptors (SSTR) antagonists and targeting
of multiple receptors. A more accurate and truly
individualized approach to dosimetry would be with
development of newer methods for 3D calculation
of dose. Pre-therapeutic organ and tumor dosimetry
using receptor PET/CT can be accomplished using
longer-lived positron emitters, e.g., Sc-44, Y-86 or Cu-64
and comparison of these results with those obtained
from Ga-68, are needed. The appropriate peptide and
radionuclide for individualized therapy (“personalized
medicine”) can be then selected by pre-therapeutic
measurement of organ and tumor doses. The first
human study using the longer-lived, generator-derived,
trivalent metallic positron emitter Scandium-44 (Sc-44)
coupled to DOTATOC was per-formed in Bad Berka in
2009. Sc-44 has a half-life of 3.9 hrs and is derived from
a Titanium-44/Scandium-44 generator, which has a
half-life of 60 years. This may inspire the development of
new radiopharmaceuticals for covering longer imaging
periods.
Therapy: The strong expression of SSTR2 by NETs also
enables Peptide Receptor Radionuclide Therapy (PRRT),
the molecular internal radiation therapy of NETs. The
signi cant points to take into account concerning PRRT
are patient selection, appropriate choice of peptide
and radionuclide, kidney protection, tumor and organ
dosimetry (post-treatment scans) and monitoring
of toxicity (follow-up). In our hospital, which was
certi ed as ENETS Center of Excellence in March 2011,
a dedicated multidisciplinary team of experienced NET
specialists is responsible for the management of NET
patients (over 1,000 patient visits per year). Patient
selection for PRRT is based on the Bad Berka Score
(BBS), which takes into account clinical aspects and
molecular features: The therapy plan for each patient is
individualized. Frequent therapy cycles (4-6 and up to 8),
applying low or intermediate doses of radioactivity are
suitable for these relatively slow-growing tumors (“long
term low dose, not short term high dose concept”).
For kidney protection, patients are well hydrated and
receive an amino acid infusion containing lysine and

arginine given intravenously for 4 hours beginning 30
minutes before PRRT. Before each new treatment cycle,
restaging is performed by morphologic (CT/MRI) and
molecular imaging (Ga-68 SSTR PET/CT, in selected
cases uorine-18 uorodeoxyglucose (F-18 FDG) or F-18
uoride PET/CT studies are additionally performed),
blood chemistry and tumor markers. Renal function is
serially determined by Tc-99m MAG3 scan/TER and
by Tc-99m DTPA (GFR) measurements. All data are
entered in a prospective structured database. Another
very important aspect of personalized medicine and
Theranostics is dosimetry. Estimation of tumor and
normal organ doses performed after PRRT (using
Lu-177 labeled somatostatin analogs DOTATATE or
DOTATOC) is important to ensure that maximum dose
is delivered to the tumors and therefore optimizing
an individualized treatment protocol. In patients
with progressive NETs of non-pancreatic origin and
pancreatic NETs (pNETs), tumor response after a mean
follow-up of 2 years was as follows: After three PRRT
cycles, complete remission (CR), partial remission
(PR), and minor response (MR) were seen in 52 of
patients with pNETs (and in 48 in non pancreatic
NETs); disease was stabilized in 39 of pNETs and in
45 of patients with non pancreatic NETs. Thirty-six
patients with advanced disease died of progressive
disease (PD). Objective tumor responses (including
improvement of clinical symptoms) were seen in 93
(91 pNETs) of the patients. Signi cant hematological
toxicity (mainly erythrocytopenia, rarely neutropenia,
and thrombocytopenia) occurred in less than 15
of all patients. Myelodysplastic syndrome (MDS)
developed in ve patients (all of them received also
chemotherapy before). End stage renal insuf ciency was
not observed in any of the patients with normal kidney
function before PRRT. In most patients receiving Lu-177
DOTATATE alone (n  417 cycles), kidney function
did not change signi cantly. Therefore, the probability
and magnitude of renal toxicity can be signi cantly
reduced (or completely avoided) when PRRT is
administered in fractionated doses in patients without
any pre-existing risk factors and under appropriate
nephroprotection. Chemotherapy, diabetes mellitus,
hypertension, Hedinger’s syndrome, and cachexia were
identi ed as the risk factors for nephrotoxicity after
PRRT. We also have treated patients with progressive
metastases of NETs and with a single functional kidney
(24 patients). None of these patients showed grade 3 or
4 nephrotoxicity. PRRT resulted in partial remission
in 36 and stable disease in 36 of the patients, 28
had PD. In 2009, we have given fractionated low dose
PRRT to two patients on hemodialysis (to the best
of our knowledge, this was the rst ever worldwide
experience). The Bad Berka neuroendocrine tumor center
was the rst also to use Y-90 DOTATATE, and in a large
patient group, Lu-177 DOTATOC in progressive NETs,
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non-responsive to octreotide/interferon treatment or
chemotherapy. An important in uence on the decision
of the choice of radionuclide is the size of tumors. More
commonly, patients present with tumors of various
sizes and in-homogeneous distribution of somatostatin
receptors. The use of a combination of radionuclides
Lu-177 and Y-90 considers this heterogeneity. Sequential
administration of Y-90 and Lu-177 labeled analogs
also is similarly helpful for the treatment of larger
tumors, followed by treatment of smaller metastases
respectively in further treatment cycles. The BBNETC
group pioneered the systematic use of Y-90 and Lu-177
DOTATATE (DUO PRRT) in sequence and concurrently,
as well as the intra-arterial use of Y-90 DOTATATE and
DOTATOC. Lu-177 DOTATATE was predominantly
used for small metastases or in patients with impaired
renal or hematological function. Long-term follow-up
of up to 7 years after DUO PRRT showed no signi cant
grade 3 or grade 4 nephrotoxicity attributed to
concurrent or sequential DUO PRRT. The median fall
in tubular extraction rate (TER) was lesser in patients
undergoing DUO PRRT than in those undergoing PRRT
with Lu-177 or Y-90 alone. The results of a study by
Ku-nikowska et al. also indicated that tandem PRRT
(with Y-90/Lu-177 DOTATATE) provided longer
overall survival than with a single radioisotope (Y-90
DOTATATE) and the safety of both methods was
comparable. Thus, in patients with progressive NETs,
fractionated, personalized PRRT with lower doses of
radioactivity given over a longer period of time (Bad
Berka Protocol) is effective even in advanced cases
and results in excellent therapeutic responses. Most
patients tolerated up to eight cycles of PRRT very well,
given over several years. Severe hematological and/
or renal toxicity can be avoided or reduced. Quality
of life can be signi cantly improved. Though cure is
rarely possible, excellent palliation with signi cant
improvement of symptoms can be achieved by PRRT.
In addition, neoadjuvant PRRT could be administered
in cases of inoperable NET to render the tumor operable
by inducing radiation-induced necrosis. The analysis
of 416 patients (all NET sub-types) treated at the
Bad Berka neuroendocrine tumor center (BBNETC)
showed a median overall survival from the time of rst
diagnosis of 210 months (Rotterdam data 128 months)
and a median survival after rst PRRT of 59 months
(Rotterdam data 46 months). 26 Our experience con rms
a previous report from the Rotterdam group that compared with historical controls - there is a bene t in
overall survival from time of diagnosis of several years.
In progressive NETs, sequential (DUO) or concurrent
(TANDEM) PRRT with Lu-177 and Y-90 has been
found to be most effective (highest CR/PR/SD rate).
However, PRRT should only be performed at specialized
centers, as NET patients need highly individualized
interdisciplinary treatment and long-term care. Use of
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intra-arterial PRRT ( 50 treatments already performed
up to now) is more effective for selectively targeting
liver metastases and large, inoperable primary tumors.
PRRT can be effectively combined with transarterial
chemoembolization (TACE), radiofrequency ablation
(RFA), chemotherapy (e.g., using Capecitabine,
Temazolomide or Doxorubicin), and kinase inhibitors
(e.g., Everolimus, Sunitinib or Sorafenib).
S-035

Design and Development Universal
Chelating System (DO3A-ENCS)
to Modify Biological Vector
(ior egf/r3) to Load Ga-68 for
Targeted Radioimmunodiagnosis
of Cancer
Anil K. Mishra
DCRS, INMAS, DRDO-Brig. S K Mazumdar Road,
Timarpur, Delhi -110 054, India
Epidermal growth factor receptor (EGFR) signaling
inhibition represents highly promising probes for the
application of molecularly targeted cancer therapies.
EGFR conjugated metal chelates have been proposed as
potential imaging probes for cancers with high density
of EGFR receptors. Through improved understanding
of EGFR biology in human cancers, with high speci city
towards tumor receptor with restricted uptake at normal
tissue is more attractive approach. We propose here on
the results with a thermodynamically stable chelate, 1,
4, 7-tris (carboxymethyl)-10-(2-isothocyantoethyl)-1,
4, 7, 10-tetraazacyclododecane (DO3A-E-NCS)
and anti-EGFr (ior egf/r3) conjugate to develop
immunospecifc imaging probe. Conjugation and
labelling with anti-EGFr was performed using
pre-labeling procedure and subjected to puri cation
on anion exchange column to remove unreacted Ga+3
and size exclusion chromatography chromatography
to remove unreacted Metal chelate. The conjugated
antibody was labeled with a speci c activity 1000-1500
MBq/mg of protein with high radiochemical purity.
Labeling with Ga-68 was achieved using pre-labeling
followed by conjugation method without altering the
biological activity of anti-EGFr (ior egf/r3) in vitro and
in vivo studies. Radioimmunoconjugate was studied in
athymic mice bearing U-87MG, MDA-MB-468 tumors
following intravenous injection. Pharmacokinetic and
biodistribution studies confirmed long circulation
times (t (1/2)(fast) 45 min and t1/2(slow) 4 hours
40 min) and excellent accumulation at tumor site. Using
universal chelating system, which is designed, in our
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laboratory is promising for modi cation of biological
vectors in two steps to target cancerous cells without
compromising it biological activity, which is further,
evidenced in vivo using preclinical Positron emission
tomography-computed tomography- Single-photon
emission computed tomography (PET-CT-SPECT)
system. These properties can be exploited for target
imaging and therapy of cancer, which is very dif cult to
visualize by normal imaging modalities and for residual
tumors after surgery.
S-036

Update on Preclinical- and Clinical
Investigations of Ga-68 Labeled
Radiopharmaceuticals at MSKCC
Naga Vara Kishore Pillarsetty
MSCKCC, NY, USA
The current talk will focus on recent pre-clinical
and clinical developments on Gallium-68 labeled
radiopharmaceuticals for oncological applications at
Memorial Sloan-Kettering Cancer Center (MSKCC).
On the preclinical front, the talk will focus on
our experience with Ga-68 labeled multimodal
nanoparticles for passive targeting of tumors for
multimodal imaging applications. The process of
making particles multimodal requires appending
different types of molecules (chelators for radiometal
labeling, uorophores for optical imaging, MR agents,
and X-ray contrast agents) to the core nanoparticles.
This appendage leads to increased particle size. The
larger the size of particle, the more the preference of
particles to clear via hepatobiliary pathway instead of
preferred renal pathway. Our collaborators, Dr. Olivier
Tilliment and Dr. Lux Francois of the Laboratoire
de Physico-Chimie des Mat riaux Luminescents of
University of Lyon, France have developed multimodal
ultrasmall nanoparticles (5 nm) that clear from blood
extremely fast and target tumors passively due to
enhanced permeability and retention (EPR) effect,
which is commonly observed in many solid tumors.
The nanoparticle core structure is based on polysiloxane
core that is functionalized with DOTA chelators
( 5/particle) on the outer surface. The DOTA chelators
are partially metallated with Gadolinium ( 3-3.5 per
particle), which can be used of magnetic resonance
(MR) as well as computed tomography (CT) contrast
imaging applications. The remaining DOTA chelators
( 1.5 DOTA/particle) are available for labeling with
radiometals such as copper-64 or gallium-68. We have
labeled particles with [68Ga] and have performed in vivo
biodistribution studies. The labeling of particles with
[68Ga] was performed at pH 5.0 by heating for 10 min,

which resulted in!90 complexation of the activity as
measured by ITLC. The product was puri ed using a
PD-10 column and fractions were collected and purity
was analyzed, which indicated that the nal product
purity was!95 . The biodistribution studies indicate
that the particles clear from the blood circulation
extremely rapidly via renal clearance. The uptake values
in blood and kidneys are 0.17r0.02 and 28.3r2.5
ID/g at 1 h post injection. The corresponding value in
the liver is 0.08r0.01 ID/g at 1 h post injection. The
MR imaging data though not quantitative corroborates
the fact that the compound clears rapidly through
kidney. This data clearly establishes that the multimodal
particles designed for passive targeting of tumors clear
through renal pathway. On the clinical front, the talk
will focus on clinical experience with Ga-68-DOTA- F
(ab)’2 trastuzumab in patients with Breast Cancer at
MSKCC. Dr. Jorge A. Carrasquillo and his colleagues at
Molecular Imaging and Therapy Service of Department
of Radiology at MSKCC are carrying out the clinical
trial. The talk will discuss various aspects of the clinical
trial including toxicity assessment, pharmacokinetics,
biodistribution, dosimetry and the ability of the agent
to target Her2 positive breast cancers and metastasis, in
patients administered with about 6 mCi of 68Ga-DOTA-F
(ab’)2 trastuzumab.
S-037

Imaging of Pulmonary Carcinoid: The
Iowa Experience
Archana Laroia
Clinical Assistant Professor, Section of Cardio-pulmonary
Radiology, University of Iowa Hospitals and Clinics,
Iowa city, IA
This talk is an educational review of the clinical
data, structural and functional imaging of the cases
of bronchopulmonary carcinoid presenting to the
University of Iowa hospital and clinics. A pictorial
review of the conventional radiography, multidetector
computed tomography (MDCT) with 3 D reconstructions
and functional imaging will be presented. The value of
co-registration of the structural and functional imaging
will be stressed. Pulmonary carcinoid tumors are rare
neuroendocrine tumors and are classi ed as typical
or atypical. Clinical diagnosis is made primarily by
elevated plasma levels of chromogranin A and the
24-hour urine levels of 5-hydroxyindoleacetic acid,
a breakdown product of serotonin. A combination
of cross-sectional and functional imaging is vital for
initial staging and assessment of therapeutic response.
Pulmonary carcinoid presents as a non-specific
space-occupying lesion. Calcification may be seen
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on computed tomography (CT). Typical and atypical
bronchial carcinoids have similar imaging features.
They demonstrate high signal intensity on T2-weighted
imaging. Carcinoid tumors are rich in somatostatin
receptors. Imaging with Indium 111Y labeled
somatostatin analogues (octreotide) is a sensitive
method of localizing radiologically occult carcinoid
tumors, with sensitivity up to 80–100 . Combining it
with single-photon emission computed tomography
(SPECT) improves the sensitivity for smaller lesions.
Fluorodeoxyglucose (FDG) uptake in pulmonary
carcinoid tumors is often lower than expected for
malignant tumors. Therefore, surgical resection or
biopsy of lesions is mandatory, even if not FDG avid
on positron emission tomography (PET) images. 68
Ga-DOTATATE Positron emission tomography computed tomography (PET/CT) is a newer promising
imaging modality for imaging well-differentiated
carcinoid. Imaging plays is essential for accurate
staging, treatment monitoring, and surveillance of the
carcinoid tumors. No one functional imaging test is
perfect for imaging carcinoid tumors due to the variable
af nity for different radiotracers. Hence, a combination
of different imaging modalities helps to provide a
comprehensive evaluation of this disease.
S-038

68Gallium-Metalloprobes as
Molecular Imaging Agents for
Monitoring Biochemical Pathways in
vivo
J. Sivapackiam, S. E. Harpstrite, Vijay Sharma
Mallinckrodt Institute of Radiology, Molecular Imaging
Center, BRIGHT Institute, Washington University School of
Medicine, St. Louis, MO 63110, USA
Emerging paradigms in systems biology and
personalized medicine coupled with new genomic
and proteomic discoveries in the 21st century mandate
rigorous interrogation of functional biomarkers
that are present in targeted tissues for successful
chemotherapy and enabling drug delivery at optimal
doses for desired therapeutic effects. Among 49 human
ABC (ATP-binding cassette) family of transporters,
MDR1 (multidrug resistance) P-glycoprotein (Pgp;
ABCB1) and Breast Cancer Resistance Protein (BCRP;
ABCG2) have been found to be expressed on plasma
membrane of numerous tumor cells and surface of
important organs, such as brain (luminal surface of
endothelial cells lining capillaries), liver (the biliary
cananicular surface of hepatocytes), small intestine
(the apical surface of mucosal cells), and kidney
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(brush border of proximal tubule cells). These proteins
have been postulated to mediate drug resistance
and simultaneously play important role in ADME
(absorption, desorption, metabolism, and excretion)
characteristics of drug molecules. However, the
expression of these biomarkers (Pgp and BCRP), as
detected at the level of messenger ribonucleic acid
(mRNA) or protein, does not always correlate with the
assessment of their functional transport activity due to
speci c mutations as well as phosphorylation state of
the protein. Because polymerase chain reaction (PCR) or
immunohistochemistry may also detect altered or less
active forms of Pgp and BCRP thus leading to inaccurate
re ection of the status for a given functional biomarker.
Thus, noninvasive molecular imaging agents capable
of interrogating functional status of these proteins
in vivo could be extremely bene cial in biomedical
imaging. To address these needs, several positron
emission tomography (PET) imaging probes, such as
11C-verapamil, 11C-/18F-paclitaxel, 11C-colchicine,
and 11C-daunorubicin have been developed to evaluate
MDR status in vitro and in vivo. While promising,
some of these agents suffer from rapid metabolism
and other from modest radiochemical yields, thus
complicating the region-specific analysis in vivo .
To enhance general access to these biomedical imaging
resources further, the onsite generator produced
isotopes (68Ga) could provide cost-ef cient technology
and site-speci c production of radiopharmaceuticals
while retaining critical characteristics of PET tracers,
such as higher spatial resolution, improved attenuation
correction, and the capability to perform quantitative
analysis. To accomplish this objective, we have
identi ed a lead moderately hydrophobic and cationic
68Ga-radiopharmaceutical that penetrates MCF-7 (non
MDR) cells in response to their negative transmembrane
plasma membrane and mitochondrial potentials.
Additionally, the unlabeled counterpart is mildly
uorescent, thus, allowing assessment of its localization
in the intracellular compartments of MCF-7 cells.
Preliminary studies indicated penetration of the agent
into the mitochondria, and its location mapped with
the mitotracker red in these cells. While cellular uptake
pro les of the lead 68Ga-agent in MCF-7 cells, stably
transfected with Pgp were inversely proportional to its
expression; LY335979, a potent and speci c inhibitor of
Pgp-induced accumulation of the probe in these MDR
cells. Similar accumulation profiles were observed
in human embryonic kidney (HEK) 293 cells, stably
transfected with BCRP (in the absence or presence of
Ko143, a speci c and potent inhibitor of BCRP). While
the pharmacokinetics of the lead agent were mediated
by expression of Pgp and BCRP in organs, such as
brain, liver, and kidney in wild-type mice models,
the uptake pro les were consistent also with the lack
of expression in those tissues in age-matched gene
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deleted counterparts. Upon further validation and
characterization, the lead agent could enable functional
interrogation of status of Pgp and BCRP in MDR tumors,
at the blood-brain barrier, and assessment of role of
these biomarkers in development of neurodegenerative
diseases.
S-039

Lutetium-177 Radiopharmaceutical
Development at Bhaba Atomic
Research Centre
Sharmila Banerjee, M. R. A. Pillai
Radiopharmaceuticals Division, Bhabha Atomic Research
Centre, Trombay, Mumbai - 400 085, India
Lutetium-177 is presently one of the most widely explored
radionuclides in radiopharmaceutical chemistry. The
favorable nuclear decay characteristics [T1/2  6.73 d,
EE(max)  0.497 MeV] and low-energy, low-abundance
g-emissions of 113 KeV (6.4 ) and 208 KeV (11 )] of
Lutetium-177 make it a favorable isotope for radionuclide
therapy. The long half-life of this radioisotope offers
distinct logistic advantage for wide-scale distribution
making it an attractive choice, particularly in countries
having limited reactor facilities. Work on Lutetium-177
started at the Bhabha Atomic Research Centre (BARC)
as early as 1998 with production of 177Lu [1], using the
Dhruva reactor, using natural targets and later with
enriched (60 ) target obtained from the International
Atomic Energy Agency (IAEA) in 2000. High speci c
activity (!20 Ci/mg) 177Lu at present is prepared by direct
(n, J) route, by using the highest available ux positions
available in the reactor and by optimizing the irradiation
time. Sterile and pyrogen free, clinical grade 177LuCl3, is
a product, which is regularly supplied from BARC. The
research on development of 177Lu radiopharmaceuticals
started initially at BARC as a direct outcome of our
participation in an IAEA Coordinated Research Projects
(CRP) on ‘Labeling techniques of biomolecules for
targeted radiotherapy’ (1998-2001). As part of the CRP,
synthesis of DOTA-Lanreotide (a somatostatin analogue)
was carried out and labeled with 177Lu [2]. As part of
a subsequent IAEA CRP, ‘Comparative evaluation
of therapeutic radiopharmaceuticals (2002-2005),
protocols for the preparation of 177Lu-DOTATATE was
standaridized and extensive biological evaluations
carried out to develop preclinical protocols. This
CRP also paved way for the extensive clinical use of
177
Lu-DOTATATE in several countries in the World.
Starting with All India Institute of Medical Sciences (Prof.
C.S. Bal), at present, eight hospitals in India are routinely
using 177Lu-DOTATATE for therapy of neuroendocrine

tumors. The radionuclidic properties of 177Lu being ideally
suited to be developed as a bone seeker, development of
177
Lu polyaminopolyphosphonate ligands was initiated
and rigorusly pursued [3-6] in Radiopharmaceuticals
Division, BARC. Based on extensive radiochemical and
biological studies, 177Lu-DOTMP and 177Lu-EDTMP were
identi ed to have suitable properties for development
as useful radiopharmceuticals.[7] Under an IAEA CRP,
177
Lu-EDTMP was taken up for detailed biological
evaluation in multipsecies[8] animal models. Microdose
clinical studies and subsequently Phase I/II clinical
trials were carried out. Resource pooling from several
countries through IAEA efforts, have resulted in
177
Lu-EDTMP emerging as a successfully developed and
ef cacious radiopharmaceutical for bone pain palliation.
The Radiopharmaceuticals Division is currently focusing
on the development of 177 Lu-labeled monoclonal
antibodies for targeting various types of malignant
disorders. Efforts are also directed towards development
and clinical translation of 177Lu-based particulates
for radiation synovectomy of small/medium-sized
joints. Other molecular vectors currently investigated
as carriers for 177Lu, by our group are porphyrins,
nitroimidazoles, and steroids for targeting other cancers.
Clinical translation of the products developed is a
major step, and regulatory approvals are essential for
manufacturing and supply of radiopharmaceuticals.
In India, the radiopharmaceuticals are not regulated
by the Food and Drug Administration, however,
radiopharmaceuticals production and supply from the
Department of Atomic Energy (DAE) is regulated by
DAE’s Radiopharmaceuticals Committee (RPC). The
following products were cleared by the above committee
and have become regular products.
1. LU-1: Sterile, pyrogen-free, and clinical grade 177LuCl3
with a speci c activity!20 Ci/mg and adequate for
formulation of receptor based radiopharmaceuticals.
Post irradiation radiochemical processing has been
carried out under aseptic conditions. It is being
supplied three times a month.
2. LUK-1: EDTMP cold kits (to be used as 177Lu-EDTMP
in bone pain palliation).
3. LUM-1: 177Lu-EDTMP as a ready-to-use injectible (in
bone pain palliation).
The products developed by the Radiopharmaceuticals
Division are because of coordination and harmonization
of the different activities of the Radiopharmaceuticals
Division. The distinctly different roles played by
the different sections in the Division range from
planning and coordination of target irradiation, isotope
production, radiochemical processing, syntheses of
the precursor ligands, formulation of the radiolabeled
preparations, biological evaluation, quality control, and
quality assurance of the nished products.
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S-040

Radionuclide Therapy in
Neuroendocrine Tumours: Current
Status and Future Prospects
Shaunak Navalkissoor
Royal Free London Foundation NHS Trust, London, UK
Several radionuclide therapies are available for
therapy in neuroendocrine tumours (NETs). The
two main targets of these therapies are the amine
uptake mechanism and somatostatin receptors.
The latter is often referred to as peptide receptor
radionuclide therapy (PRRT). This review collates and
compares the results of studies using radionuclide
therapy in patients with NETs. Potential other novel
radionuclide therapy options e.g., combi-therapies or
radio-sensitizing chemotherapy is also investigated. A
retrospective review was performed of the published
literature (and data from our own institution) using
PUBMED to identify those studies reporting results
of radionuclide therapy with I-131 mIBG, Y-90
DOTATOC, Y-90 DOTATATE and Lu-177 DOTATATE
in patients with proven advanced neuroendocrine
tumours. Data included, where available, the number
of patients treated, the cumulative activity given, the
type of tumours treated, the radiological response rate,
progression free and overall survival, and symptomatic
response rate. Results of treatment in 2616 patients were
available. Direct comparison was dif cult, as data was
not collected in a uniform way. Radiological response
rate ranged from 23 to 30 but the complete response
(CR) rate was only 0-2 . Treatment failure ranged from
9 to 27 . Symptomatic responses varied, ranging
from 34 to 77 . Several authors noted with a variety
of agents that overall survival correlated better with
symptomatic response than with radiological response.
The average weighted median overall survival (OS) was
calculated to be 46 months using I-131 mIBG and 44
months using Lu-177 DOTATATE. For two of the agents
(Y-90 DOTATOC and Y-90 DOTATATE), the data from
the majority of studies published had not yet reached
a value for median overall survival. For I-131 mIBG,
the main side effect was bone marrow toxicity. Grade
3/4 bone marrow toxicity was overall seen in 17 of
patients. This decreased to 8.2 , if a single high activity
phase 2 study, which had 90 grade 3/4 toxicity,
was excluded. For PRRT, the main signi cant toxicity
was renal impairment. Grade 4 renal impairment was
reported in 1-9 of patients. Predictors for developing
renal toxicity included low baseline glomerular ltration
rate, advancing age and high uptake on the pre-therapy
In-111-DTPA-octreotide study. A randomised phase III
34

study comparing high dose ‘cold’ long acting octreotide
with Lu-177 DOTATATE in patients with NET of the
small bowel has now started. Other novel uses of PRRT
reported include combination of Y-90 and Lu-177
PRRT (either sequentially or in tandem) and the use
of chemotherapy as a radio-sensitising agent. There is
no radionuclide therapy agent that was clearly better
than others were and use may be limited by cost and
availability. However, radiological response rates of
up to 30 , symptomatic relief rates of up to 77 and
median overall survival of ! 44 months all appear
achievable with these techniques.
S-041

Pre-targeting in Solid Tumors:
Radioimmunotherapy Results
and Immuno-PET Perspectives
in Medullary Thyroid Carcinoma
Patients
Françoise Kraeber-Bodéré
Department of Nuclear Medicine, University Hospital,
ICO René Gauducheau; CRCNA Cancer Research Center,
INSERM UMR892, LABEX IRON, University of Nantes
and PRES LUNAM, Nantes, France
Prognosis of medullary thyroid carcinoma (MTC) varies
from long- to short-term survival, based on prognostic
factors, such as serum calcitonin doubling time (Ct-DT).
Pre-targeted Radioimmunotherapy (pRAIT) is
a novel targeted radionuclide therapy, using a
bi-specific monoclonal antibody (BsMAb) and a
radiolabeled bivalent hapten, designed to improve
the therapeutic index and to deliver increased
tumor absorbed doses to relatively radio-resistant
solid tumors. (2) Pre-targeting has demonstrated
a more favorable therapeutic index and clinical
efficacy than directly-labeled anti-CEA MAb in
preclinical MTC models. (3, 4) Moreover, two phase I/II
clinical trials assessing anti-CEA x anti-DTPA-indium
BsMAb (murine F6x734 and chimeric hMN14x734)
with 131 I-di-DTPA-indium showed encouraging
therapeutic results in progressive, metastatic, MTC
patients. A retrospective study compared the survival
of 29 patients given pRAIT in the phase I/II trials with
that of 39 contemporaneous untreated patients for
whom data were collected by the French Endocrine
Tumor Group (GTE). A second objective was to
examine whether post-pRAIT variations of Ct DT
could be used as a surrogate marker for survival by
comparing, among treated patients, the survival of
biological responders and non-responders, de ning a
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responder as showing at least a 100 increase in Ct DT.
Overall survival was signi cantly longer in high-risk
(Ct DT < 2 years) treated than in high-risk untreated
patients (median OS, 110 vs. 61 months; P < 0.030).
Forty-seven percent of patients, de ned as biological
responders, experienced signi cantly longer survival
than non-responders (median OS, 159 vs. 109 months;
P < 0.035) or untreated patients (median OS, 159 vs.
61 months; P < 0.010).
Following the encouraging results obtained in the
two phase I/II studies, a phase II pRAIT study was
undertaken in progressive MTC patients with Ct DT
shorter than ve years. Forty- ve patients were enrolled;
three did not complete pRAIT due to reactions during
BsMAb infusions in two and hapten-labeling failure
in one. Patients received 40 mg/m2 of hMN-14x734,
followed by 1.8 GBq/m2 of bivalent indium-DTPA
hapten labeled with iodine-131 given 4-6 days later. The
disease control rate (durable stabilization + objective
response) was 76.2 . Grade 3-4 hematological toxicity
was observed in 54.7 of patients, and myelo-dysplastic
syndrome in two, including one heavily treated
previously. After pRAIT, 21 of 37 assessed patients
(56.7 ) showed a significant impact on biomarker
DT ( 100 increase of pre-pRAIT Ct- or CEA-DT or
prolonged decrease of the biomarker concentration
after pRAIT). Pre-pRAIT DT and post-pRAIT DT were
signi cant independent predictors for overall survival
(hazard ratio, 0.46, 95 confidence interval, 0.240.86, P 0.016 and hazard ratio, 5.32, 95 con dence
interval, 1.63-17.36, P 0.006, respectively), con rming
the value of serum biomarkers in selecting patients
and monitoring therapy. Today, new generation
pRAIT compounds are available with humanized,
recombinant, trivalent BsMAb (anti-CEA TF2), and
histamine-succinyl-glutamine (HSG) peptides. The
use of TF2, composed of a humanized anti-HSG Fabfragment derived from the 679 anti-HSG MAb, and
two humanized anti-CEA Fab-fragments derived from
the hMN-14 MAb (labetuzumab, Immunomedics,
Inc.) by the Dock-and-Lock procedure should reduce
immunogenicity. Moreover, the HSG peptide allows
facile and stable labeling with different radiometals,
such as 177Lu or 90Y, having favorable physical features
that could improve pRAIT ef cacy. The new generation
AES products have a rapid distribution, suggesting
bene t of labeling with short half-live PET emitters
such as 68Ga or 18F, to develop a highly sensitive and
speci c immuno-PET method in MTC or other CEAexpressing tumors. An immuno-PET clinical study
using new generation AES reagents and 68Ga started
in 2012, with the aim to demonstrate the feasibility of
the method in MTC patients and optimization of pretargeting parameters.

S-042

Targeted Radionuclide Therapy
in the Context of Other Systemic
Therapy for Neuroendocrine Tumors
Edward M. Wolin
Co-Director, Carcinoid/Neuroendocrine Tumor Program,
Samuel Oschin Cancer Center, Cedars-Sinai Medical
Center, 8700 Beverly Blvd, Los Angeles, CA 90048
Targeted chemotherapy is playing an increasingly
important role in neuroendocrine tumor (NET)
treatment. Chemotherapy can markedly prolong
progression-free survival, and increase the quality
of life. The more metabolically active carcinoid/NET
(intermediate grade, moderately differentiated) are
more likely to respond to cytotoxic chemotherapy with
tumor reduction. Since NETs are vascular and cells
express vascular endothelial growth factor (VEGF)
and other pro-angiogenic targets, antiangiogenics
appear useful. Growth factor receptors and their
downstream effectors are strongly expressed, allowing
for new targets such as c-KIT, epidermal growth factor
receptor (EGFR), Insulin-like Growth Factor 1 (IGF-1R),
phosphoinositide-3-kinase, serine–threonine kinase
(AKT), mTOR, and platelet-derived growth factor
(PDGF). Optimal integration of new systemic therapies
with local and regional cytoreductive techniques, and
with peptide receptor radionuclide therapy (PRRT)
remains a challenge. Molecular pro ling of tumors
with identi ed biomarker targets to guide treatment
for refractory cancer was done in multiple resistant
tumor types. Molecular targets were detected in 98 of
tumors. Twenty seven percent of patients experienced
a longer progression-free survival guided by molecular
pro ling, compared to the previous chemotherapy
regimen. Cytotoxic chemotherapy programs with
streptozotocin plus doxorubicin or capecitabine
plus temozolomide are useful in treating pancreatic
NETs. Response to the temozolamide program may
be predicted by measurement of methyl guanine
methyl transferase, which is low in responders.
Cisplatinum and carboplatin combinations are often
effective in high grade or poorly differentiated NETs.
Everolimus, a derivative of rapamycin, disrupts tumor
cell growth, proliferation and survival, and prolongs
progression-free survival from 4.6 months to 11 months
in patients with pancreatic neuroendocrine tumors. It
also seems quite effective in carcinoids. Other inhibitors
of the PI3 kinase/AKT/mTOR signaling pathway are
being studied. Bevacizumab, a monoclonal antibody
to vascular endothelial growth factor, blocks ligand
binding and receptor signalling and has a response
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rate of approximately 25 in NET. A SWOG trial
compared octreotide plus bevacizumab vs. octreotide
plus interferon in carcinoid/NET, and results are
pending. Sunitinib blocks molecular targets needed
for the growth and metastasis of NET. It inhibits VEGF
receptor and PDGF receptor, which play a crucial role in
angiogenesis and acquisition of blood vessels, oxygen
and nutrients needed for growth. A randomized trial
of sunitinib increased progression-free survival in
pancreatic neuroendocrine tumors from 5.5 months
to 11.1 months. There is now proof that somatostatin
analogs (SSA) can stop the growth of neuroendocrine
cells, paving the way for use as anti-cancer drugs.
In the PROMID study, 85 patients with midgut
carcinoids were randomized to octreotide LAR 30
mg/month vs. placebo. The average progression-free
survival period was 14.3 months with octreotide
vs. 6 months with placebo. At 6 months, 64 of the
octreotide-treated patients remained without cancer
progression vs. 37 of the placebo-treated patients.
This study established octreotide a standard therapy
for patients with metastatic carcinoid, whether or
not a syndrome of diarrhea and ushing is present.
Another important advance has been the development
of novel highly effective SSA. Lanreotide can combine
with water to form stable molecular aggregates that
dissemble over a period of 4 weeks, continuously
releasing lanreotide into the circulation after a
single subcutaneous injection. Randomized clinical
trials exploring lanreotide in NETs, with or without
carcinoid syndrome, are ongoing. Another SSA
now being studied in clinical trials is pasireotide
(SOM-230). Pasireotide binds to more types of
somatostatin receptors on carcinoid/NET cells, and
binds with higher af nity than either octreotide or
lanreotide. Pasireotide long acting release (LAR), the
long-acting formulation, is given every 4 weeks and
is generally well tolerated. It is hoped that patients
whose carcinoid syndrome could not be controlled
with octreotide or lanreotide can be controlled with
pasireotide. Toxicity is similar for all three of these
somatostatin analogs, except for slightly more blood
sugar elevation in patients receiving pasireotide. A
randomized trial comparing symptom control and
tumor control with pasireotide LAR vs. octreotide
LAR has recently been closed to accrual, and is now
being analyzed. New approaches involving these
systemic therapies in the future and integration of
these modalities with peptide receptor radionuclide
therapy (PRRT) are being developed.
S-043

Astatine-211: Production, Chemistry
and Applications
36

Jean-François Gestin
Directeur de Recherche INSERM,
UMR 892/CRCNA, Institut de Recherche Thérapeutique
de l’Université de Nantes, 8 Quai Moncousu- BP 70721,
44007 Nantes Cedex 1
Abstract: Not available
S-044

Development and
Pre-clinical Evaluation of
68Ga-DO3P-AME-DO3P:
A Polyazamacrocyclic Methylene
Phosphonate for Diagnosis of
Skeletal Metastases.
Anupama Datta
DCRS, Institute of Nuclear Medicine and Allied Sciences,
DRDO, Delhi, India
Increase in the incidence of bone metastases arising from
primary tumors, such as those of breast, lung and prostate,
has made skeletal imaging and palliation of severe bone
pain major tasks in nuclear medicine leading to the
development of number of bone seeking pharmaceuticals
for the diagnosis or therapy of metastasized skeletal
carcinomas. A phosphonate derivative 10 -bis(acetamido)
ethane-bis[1,4,7-tri(methylenephosphonicacid)-1,4,7,10tetraazacyclododecane, DO3P-AME-DO3P was
synthesized with 90 yield in high purity. DO3P-AMEDO3P was labeled with 68Ga and puri ed using the
optimized method. The binding af nity of 68Ga-DO3PAME-DO3P towards bone minerals was tested in vitro
using hydroxyl apatite as bone model with absorption
of 83 in the rst 30 min. Receptors binding assay on
human bone cell line, SAOS-2 demonstrated Kd value
in the range of nM. Cell binding studies displayed
preferential affinity of DO3P-AME-DO3P towards
osteoclast. Blood kinetics studies of 68Ga-DO3P-AMEDO3P performed on normal rabbit was suggestive of
fast clearance with t1/2 (F) 16 min 0.020 min and t1/2
(S) 3 h 13 min 0.09 min. Bio-distribution studies
carried out in normal BALB/c mice demonstrated highest
concentration of bound activity in bone tissue at 1 h postinjection with high bone to blood and bone to muscle
ratio. The therapeutic potential of DO3P-AME-DO3P
was evident with its high stability constants with Lu(III),
Sm(III), and Ho(III) as determined by pH-potentiometry “
out of cell” method. The excellent bone-seeking properties
of DO3P-AME-DO3P make it a candidate of choice for
PET imaging, and preferential uptake of the compound
in osteoclasts can be used to understand the pathway

World Journal of Nuclear Medicine/Vol 12/Supplement 1/February 2013

Abstracts

of pathogenesis of osteoporosis and skeletal metastases
with the potential of expanding its utility from diagnosis
to therapy.
S-045

Current Status of Surgical Options in
Management of NET Patients
M. Hommann
Department of General and Visceral Surgery, Zentralklinik
Bad Berka, Robert-Koch-Allee 9, 99437 Bad Berka,
Germany
S-046

Personalized Approach to
NET surgery- Organ Bank to
Immunohistochemisty and Molecular
Imaging
Daniel Kaemmerer
Department of General and Visceral Surgery, Zentralklinik
Bad Berka, Robert-Koch-Allee 9, 99437 Bad Berka,
Germany
S -047

Design of Optimized Bi-functional
Chelating Agents for the Preparation
of Radiopharmaceuticals
Franck Denat
Institute of Molecular Chemistry of the University of
Burgundy, CNRS, Dijon, France
High radiolabeling efficiency, good in vitro/in
vivo stability of the radiolabeled biomolecules are
essential features for the elaboration of an ef cient
radiopharmaceutical for either imaging or therapy.
It is also known that the nature of the bi-functional
chelating agent (BFCA) may strongly affect the PK
of the bio-conjugate as well as its af nity for a given
target. Thus, the choice of the combination BFCA /
biomolecule is crucial for the design of an optimized
radiopharmaceutical. Of course, the choice of the
BFCA will depend on the radio-metal that will be
used, e.g. 111in for SPECT, 68Ga, 64Cu, or 89Zr for PET,
177
Lu or 90Y for therapy, since good co-ordination

properties of the BFCA towards the chosen radio-metal
prevents its release in vivo by either trans-metallation
or trans-chelation phenomena. In our group, we have
developed straightforward routes for the synthesis of
new chelators based on cyclic polyamines scaffolds.
By using these methods, the size of the macrocycle, the
nature of the coordinating pendant arms, the nature of
the linker and of the grafting functional group may be
easily tuned to converge towards the best chelator for
a given application. For instance, a new method for the
synthesis of new triazacyclononane (tacn) derivatives,
well adapted for gallium chelation, has been devised.
The most recent results will be presented.
S-048

In Vivo Evaluation of Multifunctional
DTDTPA Gold Nanoparticles for
Molecular Imaging
C. S. Cutler, M. McLaughlin, J. Kelsey,
A. Zambre, F. Silva, A. Upendran,
Lisa Watkinson1, Terry Carmack1, C.J. Smith1,
R. Kannan
University of Missouri, 1Harry S. Truman Memorials
Veteran Hospital, Columbia, MO, USA
Objective: Investigated the in vivo behavior of gold
nanoparticles (AuNPs) conjugated with DTDTPA and
radiolabeled with 68Ga and 64Cu to expand imaging
beyond SPECT. Materials and Methods: DTDTPAAuNPs were formed by reduction of NaAuCl4 in the
presence of DTDTPA. DTDTPA-AuNP were labeled
with 64Cu in 0.4 M NH4OAc at pH 4 by heating at
100 C for 30 min obtaining a 95 radiolabeling yield.
Stability studies of 64Cu-DTDTPA-AuNP in rat serum
indicated no aggregation over four days. DTDTPAAuNPs were labeled with 68Ga by heating at 100 C
for ve min in 0.4 M NH4OAcat pH 7. Radiolabeling
yields of 97 were achieved, and 68Ga-DTDTPA-AuNP
remained 95 intact at room temperature for over six hr.
Evaluation of pharmacokinetics of M-DTDTPA-AuNPs
(M 64Cu or 68Ga) was conducted in normal CF1 mice.
For comparison, a normal bio-distribution of 68Ga-citrate
was performed. Forty μCi of 68Ga or 10 μCi of 64Cu in 100
μL were injected via the tail vein (n 3). Animals were
sacri ced at the following times p.i.: 0.25, 0.5, 2 4, and
24 hr. Results: Studies of 68Ga-DTDTPA-AuNP showed
rapid blood clearance with signi cant uptake in the liver
and spleen that cleared with time via the kidneys into the
urine. This differed from that observed for 68Ga-Citrate,
in which high blood uptake was observed initially (15
at 15 min) that decreased with time (7 Id/g at 4 hr).
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Signi cant uptake for 68Ga-Citrate was observed in other
organs including the heart, lung, bone, and pancreas
that were not observed for 68Ga-DTDTPA AuNPs. 64CuDTDTPA-AuNPs showed lower initial uptake in blood
that decreased with time. The uptake pattern was similar
for other organs, except additional uptake was noted in
the lung, stomach, and intestines that decreased with
time. Conclusion: DTDTPA AuNPs were easily labeled
in high yields with both 68Ga and 64Cu. Uptake of the
radiolabeled nano-conjugates in organs was similar
and shown to differ from 68Ga-Citrate. Uptake of both
the radiolabeled conjugates is similar to that observed
for 198Au-NPs with the exception of higher clearance via
the kidneys.
S-049

4XDQWLÀFDWLRQDQG5HVSRQVH
Assessment using Molecular
Imaging- Where Do We Stand?
Winfried Brenner
Department of Nuclear Medicine, Center for PET/
CTCampus Virchow-Klinikum, AugustenburgerPlatz 1,
CharitéUniversitätsmedizin Berlin, 13353 Berlin, Germany
The problem often confronted in the eld of oncology,
especially in the era of theranostics, is an appropriate
and ef cient method for measuring response to therapy.
Although histopathology sets the gold standard, it is
an invasive method applicable to only a section of a
tumor or to single metastasis. The problem associated
with response assessment becomes even more evident
if the tumor is heterogeneous and slow-growing like
neuroendocrine tumors (NET). The morphological
response criteria like response evaluation criteria in
solid tumors (RECIST), South West Oncology Group
(SWOG) etc. are based on the changes in tumor size in
two dimensions. They fail miserably in indolent tumors
like NET. The new armamentarium of pharmaceuticals
being developed for the treatment of solid tumors
is cytostatic in nature. These cytostatic medications
do not lead to a dramatic immediate change in the
tumor diameter. Treatment options like mTOR
inhibitors, tyrosine kinase inhibitors, Peptide Receptor
Radionuclide Therapy (PRRT) etc. have shown good
results, but they are often associated with multiple sideeffects, which affect the quality of life. Moreover, the
new drugs are often very costly, and they add economic
burden not only on patients but also on the health
system. Response assessment based upon molecular
imaging using positron emission tomography (PET) has
the advantage of measuring changes at a much earlier
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stage than the changes appreciated by morphological
imaging. Quanti cation has always been the ‘forte’
of nuclear medicine. There are several methods to
quantify changes at the molecular level. From the static
PET images, following parameters can be derived for
response assessment - Standardized Uptake Value
(SUV), molecular tumor volume (MTV), molecular
tumor diameter (MTD), total tumor burden (TTD).
Dynamic PET imaging gives us the possibility for
absolute quanti cation - a major advantage over the
static image parameters. As of yet there, no consensus
has been reached amongst the nuclear medicine
physicians as to which molecular response parameter
is the best. The PET Response Criteria in Solid Tumor
(PERCIST) is a very good method for early assessment
of response. This method, however, is based upon
maximum SUV, which is independently in uenced
by several other factors. Some groups, therefore, have
developed new software for automated total tumor
burden, MTV, and MTD measurement as well as new
parameters; however, their clinical bene t has not been
proven yet.
Recent years has seen some major interest in ‘measuring’
heterogeneity of the tracer uptake in tumors to de ne
tumor characteristics and assess prognosis and
response to therapy. These new approaches could play
a signi cant role in future therapy strati cation and
individualized patient management. An experiment
is a question, which science poses to nature, and a
measurement is the recording of nature's answer’ - Max
Planck
S-050

Quality of Life in Oncological
Patients and Radionuclide Therapy
William Claxton
Carcinoid and Neuroendocrine Tumor Society (Singapore)
Abstract: Neuroendocrine tumors - what we now
describe as 'NET cancer' - is a relatively rare disease,
which is poorly understood and is often misdiagnosed.
As recently as 25 years ago, there was no medication
and no treatment available other than surgery. But,
this has changed dramatically with the discovery
that neuroendocrine tumors frequently express a
high density of receptors, which bind somatostatin
and various synthetic peptides. This has led swiftly
to the evolution of precise imaging techniques
and therapy using targeted radiation. From the
patients' perspective, a diagnosis of NET cancer is
no longer a terminal illness. Today, one can view

World Journal of Nuclear Medicine/Vol 12/Supplement 1/February 2013

Abstracts

NET cancer as a chronic disease if it is well-managed
using a combination of surgical debulking, regular
monitoring with receptor-based imaging techniques,
and properly-staged peptide receptor radiotherapy.
The patient journey is ideally one in which they work
collaboratively with their specialist physicians to

diagnose and treat the disease. The guidance which
patients need as they embark on this journey is to
seek coordinated multidisciplinary care, ideally from
a center of excellence, and ensure that their treatment
follows consensus guidelines. Such patients can live
long and productive lives.
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Oral Presentations (Pre-Clinical)
O-001

Ga68-labeled compounds for
infection imaging
Thomas Ebenhan, Nicolas Chadwick,
Gert Kruger, Kobus Venter, Jan Rijn Zeevaart,
Neil Jarvis, Mike Sathegke
Nuclear Energy Corporation of South Africa, Pelindaba,
South Africa
Aim of the Study: To determine the correct course
of treatment, clinicians need to be able to detect and
discriminate between sites of sterile in ammation and
those that are infected by pathogenic microorganisms.
Sites that are infected appear, at least super cially, similar
to sites that are in amed due to other reasons, such as
trauma, ischemia, and the presence of foreign bodies
such as implants or neoplasm. Antimicrobial peptides
such as ubiquicidin (UBI) are believed to differentiate
between mammalian and bacterial/fungal cells due to
differences in electrostatic charges on the cell membrane
or cell wall. Gallium-68 is a suitable radionuclide for
Positron emission tomography (PET) imaging as 89
of the particles emitted through decay are positrons,
thus Gallium-68 can be labeled to a chelator-conjugated
targeting molecule and so is suitable for use with mass
produced kits. For this study the ubiquicidin fragment
UBI29-41 conjugated was conjugated the chelator 1,
4,7-triazacyclononane triacetic acid (NOTA) and studied
in a preclinical rabbit infection model.
Materials and Methods: Bacterial binding affinity
was tested using Staphylococcus aureus 29213 and Mt4
human Leukocytes. Therefore, UBI29-41 conjugated
with NOTA and complexed with stable Ga 3+ and
labeled with the uorescent aminobenzoyl group via
a lysine linker facilitated the determination of the
degree and selectivity of cell binding. For radiolabeling,
Gallium-68 was obtained by fractionated elution
from a commercially available 1110 MBq iThemba
(Stellenbosch South Africa) produced SnO2-matrix based
68
Ge/68Ga-generator. In preparation for preclinical use
the tracer was formulated in sterile saline solution and
were dispensed at a radioactive dose of 15-56 MBq/kg
BW. In vivo biodistribution of 68Ga-NOTA-UBI29-41 was
studied by Positron emission tomography - computed
tomography (PET/CT) imaging on a) healthy rabbits,
b) rabbits carrying bacterial infection (Staphylococcus
aureus 29213 inoculated into hind leg muscle) along
with a turpentine-induced in ammation (opposite hind
leg muscle), and c) rabbits with a pulmonary asthmatic
40

in ammation (established by ovalbumine treatment after
5 weeks). All animals were anesthetized with Ketamin
and Rompun prior to injection of 68Ga-NOTA-UBI29-41
and placed in supine position, head rst in a clinical
PET/CT scanner (Siemens Biograph True Point, Pretoria,
RSA), tracer was administered via a previously prepared
ear vein catheter in a single bolus. A prelimminary
computed tomography (CT, low dose ca.13 sec per
animal) was performed to achieve bone structure as well
as some soft tissue information. Static PET imaging was
initialized immediately following CT and 30, 60, and 90
min p.i.
Results: NOTA-UBI29-41 showed signi cantly higher
binding potency to bacteria over human cells. PET/
CT scans showed blood clearance within 60-90 min
p.i . via -renal excretion. At 60 min p.i ., no activity
was found in potential target organs for infection,
i.e., lung, brain, musculoskeletal system or abdomen.
PET/CT images of healthy animals showed activity
based biodistribution in excretion organs (kidney and
bladder) predominately; liver, heart, and spleen showed
minimal metabolic uptake only. PET/CT imaging
with 68Ga-NOTA-UBI29-41 on b) showed specific
uptake at the infection site and could be differentiated
from unspeci c in ammation of the muscle 72 h post
initiation. Standardized uptake value (SUV) ratio
for infection/inflammation was approximately 5:1,
comparing the imaging at 60-90 min post injection. SUV
analysis of lung packages of animals with pulmonary
asthmatic in ammation showed no elevated uptake
compare to lungs of healthy animals.
Summary: In a rabbit model, the Gallium-68-labeled
compound was seen to strongly localize in an area
infected with Staphylococcus aureus with minimal uptake
in a sterile in ammation area induced by turpentine The
ndings has given optimism that this compound will
be an excellent PET imaging agent able to distinguish
between infection and in ammation. The tracer also
is not expected to show uptake in asthmatic lung
inflammation. Preliminary clinical imaging will be
conducted at the Department of Nuclear Medicine at the
University of Pretoria, South Africa. Further experiments
for imaging pulmonary tuberculosis (TB)-infection are
addressed.
O-002

New NOTA Based Bisphosphonates
for Diagnosis of Bone Metastases
0DULDQ0HFNHO-DQ+ROXE9RMWD.XEtþHN
Frank Rösch
Nuclear Chemistry, University Mainz,
Fritz-Strassmann-Weg 2, 55128 Mainz, Germany
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Aim: Prostate, breast, and lung carcinoma are often
followed by metastasis in the bone. Bone metastases
cause severe pain by tumor-induced disregulation of
bone metabolism. Radiolabeled bisphosphonates (BPs)
are commonly used in diagnosis and therapy of skeletal
diseases. Macrocyclic bisphosphonates like BPAMD
showed promising results in rst human applications.
Two new 1, 4,7-triazacyclononane triacetic acid
(NOTA) based BPs for non-invasive Positron emission
tomography (PET) imaging of the skeleton with 68Ga
were synthesized, labeled with 68Ga and compared with
commonly used 99mTc-MDP and 18F- uoride.
Materials and Methods: The macrocyclic bisphosphonates
[Figure 1] were synthesized according to the literature,
with some modifications. 68Ga labeling studies of
the NOTA derivatives was performed in 500 PL of a
NH4Ac-buffer with different molarity by adding 400 PL
of cation exchanged post processed 68Ga solution in 0.1
HCl/acetone, resulting in pH-values among 2-5. Thirty
nmol of the ligand was added and the solution was
shaken in a heating block for 15 min at 100oC. Binding
experiments to arti cial bone material was perfomed by
incubating 50 PL of the 68Ga-bisphosphonates to 20 mg
Hydroxyapatite (HAP) in 500PL isotonic saline. Activities
were measured in solid HAP and the supernatant and
binding to HAP was calculated as percentage of total
activity.PPET and biodistribution studies were carried
out in healthy Wistar rats of a body weight about 130 g.
The animals were sacri ed 60 min. after injection.
Results: 68Ga labeling of the two NOTA BPs occurred
very fast. Independent to the reaction temperature a

Figure 1:/CETQE[ENKEDKURJQURJQPCVG016#/BP (BPAMN) and
NO2APBP (BPPEN)

radio chemical yield (RCY) of about 40 was observed
within 1 minute and t 95 after 10 minutes at 95oC
[Figure 2]. NO2APBP showed a faster labeling kinetics
than NOTAMBP. At lower temperatures, the labeling
kinetic slowed down. For quantitative labeling, heating
is necessary. In vivo PET studies of the 68Ga-NOTA
derivatives during 120 min. showed a fast renal
clearance of the BPs, and a high accumulation at the
bone [Figure 2].
Biodistrubution ex vivo studies showed no signi cant
uptake in other organs, besides the kidneys and the
bladder. Highest accumulation in the femur was
observed for [68Ga] NO2APBP with a value of ID/g
 4.37 r 0.92 (n  5) compared to [18F] uoride with a
value of ID/g 2.71 (n 4)r0.09 and [99mTc] Methyl
diphosphonate (MDP) with a value of ID/g 2.36r
0.17 (n 6). Lowest bone absorption was observed for
[68Ga] NOTAMBP with a value of ID/g  1.12 r 0.36
(n  5), based on a complex catalyzed degradation of
the compound, which was observed in HAP binding
experiments and 71Ga Nuclear magnetic resonance
(NMR) studies as well.
Summary: Two bone af ne macrocycles were successful
labeled with the generator-based PET nuclide 68Ga in
high yields and evaluated in vivo. [68Ga] NO2APBP
showed the highest uptake in the femur ( ID/g 4.37),
even higher than the standard diagnosis compounds
[18F] uoride ( ID/g 2.71) and [99mTc] MDP ( ID/g
2.36). The compound is fast and easy to label and it
could be a very ef cient tool for hospitals without a
cyclotron infrastructure and an advantaged alternative
to 99mTc-bisphosphonates. In combination with 1,
4,7, 10-tetraazacyclododecane-1, 4,7, 10-triacetic acid
(DOTA)-based bisphosphonates like BPAMD, which
are suitable for therapy by complexing of 177Lu, this
NOTA bisphosphonate could be a new tool for diagnosis
of bone metastases. In future, blocking studies with
Ethylenediamine tetra (methylene phosphonic acid)
(EDTMP) and new DOTA and NOTA based bone af ne
tracers will be synthesized.

Figure 2: Labeling kinetic of NOTAMBP (BPAMN) and NO2APBP $22'0 4KIJV/+2QH/$S=68Ga] NO2APBPCHVGTOKPRK
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O-003

Synthesis and Biological Evaluation
of 68Ga (Chal) 2DT as PET Agent for AE
Plaques in Brain
Kanchan Chauhan1, 2, Anupama Datta1,
K. Ganesh Kadiyala1, Anupriya Adhikari1,
Krishna Chuttani1, A. K. Singh2,
Anil K. Mishra1
1

Institute of Nuclear Medicine and Allied Sciences
(INMAS), DRDO, 2Indian Institute of Technology, Delhi,
India
Aim: Alzheimer disease (AD) is a progressive
neurodegenerative disorder and a leading cause of
dementia. Accumulation of E-amyloid plaques in the
brain is strongly associated with the pathogenesis of
AD. In vivo, imaging of these accumulated E-amyloid
plaques in the living brain may lead to the early detection
of AD, which in turn will be bene cial for the monitoring
of the progression and effectiveness of novel treatments
that are currently being investigated. Non-invasive
techniques like Positron Emission Tomography (PET)
and Single Photon Emission Tomography (SPECT)
may serve as a helpful tool in the diagnosis of AD in
pre-symptomatic stages. So far, many radiolabeled
flavones have been reported for their high binding
af nity to the AE- aggregates in in vitro studies. Towards
the same direction, we have developed 68Ga-labeled
chalcone derivative [ 68Ga (Chal) 2DT] as PET agent
for the diagnosis of E-amyloid plaques in the brain.
Chalcone-based derivative contains electron donating
groups like dimethylamino, methoxy groups, which play
critical role in the binding af nity to the AE-aggregates.
Materials and Method: Synthesis was performed
using chalcone derivative (E)-3-(4-(dimethylamino)
phenyl)-1-(4-hydroxyphenyl) prop-2-en-1-one
(Chal) obtained by condensation reaction of
4-hydroxyacetophenone and N, N-dimethylbenzaldehyde
in the presence NaOH, which was attached to diethylene
triamine pentaacetic acid (DTPA) via linker to give (Chal)
DT. The various parameters for the complexation with
2
Ga were optimized with GaCl3 before labeling with
Ga-68.
Results: Synthesized compounds were characterized
by Nuclear magnetic resonance (NMR) and mass
spectroscopy. The radiolabeling ef ciency was found
to be greater than 80 . Blood kinetics studies showed
a quick wash out from the circulation and biological
half-life was determined. Initial in vitro binding assay
using AE aggregates (1-42) suggested high binding
af nity; transformation of the saturation binding to
Scatchard plots gave linear plots suggestive of one
42

binding site. In vivo brain penetration was tested
by injecting 68Ga (Chal) 2DT in normal rats, cortex,
and cerebellum regional brain tissue uptakes were
determined at different time points, which showed a
good initial brain penetration and a fast washout from
the brain.
Summary: 68Ga (Chal) 2DT can be prepared in high
radiochemical yield. High binding affinity to AE
aggregates (1-42) by in vitro binding assay and a good
initial brain penetration along with a fast washout
from the brain by in vivo biodistribution study in rats
suggest that 68Ga (Chal) 2DT may be a useful PET tracer
for imaging AE plaques in the brain of patients with
Alzheimer’s disease. The ability of 68Ga (Chal) 2DT to bind
to AE plaques in the AD model, uorescent staining of
brain sections of Tg2576 transgenic mice is in progress.
O-004

Evaluation of Gallium-68
Phosphonate Complexes for Bone
Imaging Using MicroPET
Ambika Parmar, Puja P. Hazari,
Anil K. Mishra
INMAS, DRDO, Brig SK Mazumdar Marg, Lucknow Road,
Timarpur, Delhi, India
Aim: Phosphonates shows high binding affinity to
hydroxyapatite and capability of complexing with
trivalent Gallium, which could be considered as
interesting targeting vector for Ga-68-based Positron
emission tomography (PET) Imaging. 68Ga phosphonates
for bone imaging in PET deserves special attention,
because of 68Ga availability from an in-house generator
rendering 68Ga radiopharmacy independent of an onsite
cyclotron. The aim of this study is to evaluate 68Ga-CDTMP
and compared to phosphonate ligands (Ethylenediamine
tetra (methylene phosphonic acid) EDTMP, Methyl
diphosphonate (MDP)) to understand the rationale of
Ga-68 phosphonates related to hydroxyapatite binding
in bone imaging.
Materials and Methods: 1, 2-cyclohexylenedinitrilo
tetramethylene phosphonic acid (CDTMP) was prepared
from trans-1, 2-cyclohexyldinitrilotetraacetic acid
by reaction with phosphorus trichloride and it was
labeled with 68Ga. CDTMP synthesized has been fully
characterized by spectroscopic techniques namely 1H,
13C, and 31P Nuclear magnetic resonance (NMR) and
mass spectroscopy. The elution of 68Ga from Ge-68/Ga-68
generator and online processing of eluate are performed
within 5 minutes only. Labeling was performed using
Na-4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(Na-HEPES) buffer at temperature between 40oC and
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60oC for 15-20 minutes. Radiochemical yield was tested
using Radio High-performance liquid chromatography
(HPLC). Toxicity and biodistribution studies were
carried out in BALB/c mice, while blood clearance
studies were carried out in rabbits. Imaging was
performed on BALB/c mice and Sprague Dawley rats.
Results and Conclusion: The radiolabeling ef ciency
was found to be!70 and Blood clearance showed a
quick washout from the circulation. High bone uptake
as compared to contralateral tissue was observed in
scintigraphy and biodistribution. Apart from bone, high
uptake was observed in bladder and kidneys, which in
particular depicts its renal route of excretion. Similar
data was correlated in the biodistribution study of the
compound in Balb/c mice at different time intervals.
68
Ga-CDTMP was tested in vivo with good imaging
results.
Summary: 68 Ga-labeled CDTMP can be used as
promising PET radiopharmaceutical for imaging
bone metastasis and other lesions. Owing to short
half-life of 68Ga (68 mins), cyclotron independent
radiopharmacy, fast clearance, and rapid renal excretion
the radiopharmaceutical may prove to be excellent bone
imaging agent for clinical applications.
O-005

Ga-Alpha-Fetoprotein Peptide
Fragment for Tumor Imaging
68

A. A. Larenkov, O. E. Klementyeva,
A. B. Bruskin, G. E. Kodina
Burnasyan Federal Medical Biophysical Center, Moscow,
Russia
Aim: In this work, the study of alpha-fetoprotein
(D-fetoprotein, AFP) fragment labeled with 68Ga as
promising agent for Positron emission tomography (PET)
diagnostics of tumors (breast, ovarian, liver and prostate
cancer), expressing receptors to AFP was carried out. The
aim of the study was to nd conditions allowing to obtain
product with a radiochemical purity of not less than 95 .
Investigations of the test drug accumulation in the tumor
cells were also carried out as well as investigations of the
biodistribution on animal models.
Materials and Methods: Radiolabeling: The solution
of 68Ga in 0.1 M HCl was derived from the 68Ge/68Ga
generator delivered from Cyclotron Co. Ltd. (Obninsk,
Russian Federation), concentrated, and purified with
cation-anion combined method (HCl-acetone media).
Five Pl of 1, 4,7, 10-tetraazacyclododecane-1, 4,7, 10-triacetic
acid (DOTA)-Afp7, delivered from Sintez Peptidov Ltd.
(Moskow, Russian Federation), (solution (1 mg/ml) was
mixed with 0.2 M CH3COONa aqueous solution and
concentrated and puri ed 68Ga solution in 1.5 ml Eppendorf

tubes. The Mixing Block MB-102 (Bioer, China) was used
for heating and stirring (reaction temperature is 95 C,
incubation time is 10 min.). Radiochemical purity of the
obtained radiopharmaceutical composition (equal to the
yield of labeling reaction in the method described) was
determined by Thin-layer chromatography (TLC). In vitro
experiments: 68Ga-DOTA-Afp7 compound was tested in
vitro using cultures of human breast adenocarcinoma MCF
7 and ovarian cancer SKOV 3 cell lines. Suspensions of
approximately 5u105 MCF 7 or SKOV 3 were incubated
in a culture medium with 5 MBq of 68Ga-DOTA-Afp7 at
37 C. After 15, 30, 60, and 90 min, cells were collected by
centrifugation and washed three times with 1 mL of cold
phosphate buffered saline (PBS). The supernatant was
removed and the cellular binding of radioactivity was
measured using a J-counter (2480 Wizard Gamma Counter),
and corrected by the number of viable cells calculated under
the microscope after the incubation experiment. In vivo
experiments: In vivo experiments were carried out on mice
inoculated with BLRB breast adenocarcinoma that arose
spontaneously in a female of the same mice line. This line
characterized by a high incidence of spontaneous breast
cancer, which pathologic characteristics adequately re ects
the clinical picture of a family of human breast cancer.
68
Ga-DOTA-Afp7 (5 MBq, 0.1 ml) was injected in a tail vien.
Then the mice were killed at 30 and 60 min after injection by
cervical dislocation. The organs of interest were removed,
weighed, and counted. The amount of radioactivity was
determined with a J-counter.
Results: 68Ga-DOTA-Afp7 [Figure 1] product with a
radiochemical purity of 99 was reproducibly obtained
under the conditions of pH 4 found optimal value
(provided with addition of 0.2 M CH3COONa aqueous
solution). The ability of 68Ga-DOTA-Afp7 to bind to tumors
that express receptors for alpha-fetoprotein is shown by
results of in vitro experiments. The data obtained clearly
show the ability of the studied radiopharmaceutical to
accumulate in MCF 7 and SKOV 3 cells.
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The experimental results are presented in Figure 2.
As it can be seen, for SKOV 3 already after 60 min
accumulation of 68Ga-DOTA-Afp7 reaches its maximum
value, a few more than 35 of activity introduced in
5u105 cells, and remains at the level not less than 30 at
least another 30 minutes. For MCF 7 cells accumulation of
68
Ga-DOTA-Afp7 reaches 29 of activity introduced after
60 min and goes on increasing for another 30 minutes.
Biodistribution of labeled compound in breast
adenocarcinoma bearing BLRB mice in 30 and 60 min
after injection is described in Table 1. As it can be seen,
the tumor/muscle ratio equal to 2.8, slight accumulation
in the kidneys, liver, and intestine take place with
68
Ga-DOTA-Afp7.
Summary: Conditions allowing obtaining product with
a radiochemical purity of not less than 95 were found.
pH 4 was found to be the optimal for labeling reaction.
Investigations of the test drug accumulation in the tumor
cells were also carried out as well as investigations of the
biodistribution on animal models. An investigation of
receptor speci city of the test radiopharmaceutical on
cells and our preliminary biodistribution data has shown
that 68Ga-DOTA-Afp7 is a promising tumor imaging
agent for PET.
Table 1: Biodistribution of labeled compound in breast
adenocarcinoma bearing BLRB mice (% of I.D.)
Organ/Tissue

Time after injection, min
30
60

Blood, % per g.
Liver
Kidneys
Intestine
Muscle, % per g.
Tumor, % per g.

2,9r0,7
6,8r1,3
1,4r0,5
1,5r0,7
0,4r0,03
0,7r0,02

1,3r0,4
1,9r0,9
0,8r0,1
2,0r0,3
0,5r0,07
1,4r0,1
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Figure 2: Cell uptake of 68Ga-AFP (% of activity per 5u5 cells)
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O-006

Synthesis, Characterization And
Radiolabeling of DTPA-Doxorubicin
Complex with 68Ga as Potential PET
Tumor Imaging Agent - A Preclinical
Evaluation
Pardeep Kumar, Baljinder Singh1,
Shalini Chopra1, Pratap Acharya2, Sarika1,
Ranju Bansal2, Bhagwant Rai Mittal1
1
Department of Nuclear Medicine and PET, Postgraduate
Institute of Medical Education and Research, 2University
Institute of Pharmaceutical Sciences, Panjab University,
Chandigarh, India

Aim: To synthesize and characterize the conjugate of
doxorubicin with cyclic diethylenetriaminepentaacetic
acid anhydride (DTPA) and radiolabel the resultant
complex with 68Ga.
Materials and Methods: A DTPA-doxorubicin complex
was synthesized by conjugation of doxorubicin
with acylated DTPA. Two hundred mg (0.56 mmol)
of cyclic DTPA anhydride was dissolved in 2 ml
of dichloromethane followed by addition of 100 Pl
D,D-dicholoromethyl methyl ether and mixture was
stirred up to 60 min at room temperature. The excess of
chlorinating agent was evaporated under vacuum. One
hundred sixty mg of doxorubicin was dissolved in 3 ml of
dimethylfuran and added to the acylated DTPA. 160 mg
of doxorubicin was dissolved in 3 ml of dimethylfuran
and added to the acylated DTPA. The mixture was stirred
at room temperature for overnight. Solvent was vacuum
evaporated and dark red precipitate was obtained.
The formation of DTPA-doxorubicin complex was
characterized by 1H-Nuclear magnetic resonance (NMR),
13C-NMR. The complex was radiolabeled with 50 PCi
(0.5 ml) of 68Ga in 0.1M sodium acetate buffer (pH - 5.5).
The conditions for radiolabeling like temperature
(30-900C) and incubation time (5, 10, 15, and 20 min)
were standardized to get maximum labeling ef ciency.
Results: The resultant complex was radiolabeled
with 68Ga and radiolabeling ef ciency of about 60
was observed when incubated for 15 min at 900C. We
attempted to increase the radiolabeling ef ciency to
more than 95 when the radiolabel was ltered through
a C18-Sep–pak cartridge.
Summary: DTPA-doxorubicin complex was successfully
labeled with 68Ga and can be used as a powerful Positron
emission tomography (PET) imaging agent for early
detection of cancer and treatment response monitoring
to Vincristine, actinomycin-D and cyclophosphamide
(VAC) regimen.
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O-007

Gallium-68 Compounds Partly
Replace-18F-FDG in PET Molecular
Imaging
Kiran T., S. Savitha, Choodamani V. K.
SJBIT, BGSC Health and education city, Kengeri,
Bengaluru, India
The development of gallium-68 -1, 4,7, 10-tetraazacyclodecane1, 4,7, 10-tetraacetic acid (68 Ga -DOTA) compounds was
made possible due to the chemistry of 68 Ga, which matches
the pharmacokinetics of many peptides, specially the
chelators DOTA and DOTA derivatives with the formation
of stable 68 Ga (3) complexes. The availability of this
tracer from a germanium-68 gallium-68 generator with
a relatively long half-life makes it attractive to use in busy
nuclear medicine departments, particularly those with
limited access to cyclotrons. The recent clinical experience
with 68Ga peptides includes imaging neuroendocrine
tumors particularly carcinoid, as well as neuroectodermal
tumors such as pheochromocytoma and paraganglioma.
In vitro and animal testing are still progressing alongside
clinical studies, with promising results in the use of
68
Ga-DOTA-rhenium-cyclized alpha-melanocyte
stimulating hormone (MSH) and 68 Ga-DOTA-napamide
(NAP) in melanoma, 68Ga DOTA-PEG (4)- BN (7-14) (PESIN)
for the imaging of bombesin receptor-positive tumors and
68
Ga -ethylene dicysteine-metronidazole (EC-MN) for
imaging tumor hypoxia. In addition to tumors, 68Ga DOTA
peptide inhibitor of vascular peptide protein 1 (VAP-P1)
is being assessed for imaging in ammatory reaction. An
additional value following a positive scan is the use of
beta emitters labeled to the same peptides for radionuclide
treatment. In conclusion, the recent introduction of 68Ga
-peptides, made available by a convenient 68Ga/68Ge
generator, could greatly contribute to the management of
a wide range of clinical conditions including tumors and
in ammation.
O-008

Detection of Prostate Cancer
with the [68Ga]-Labeled Bombesin
Antagonist RM2 in Patients
Undergoing Radical Prostatectomy
Andre Mueller, Esa Kähkönen1,
Ivan Jambor I2,3

Jukka Kemppainen2, 4, Kaisa Lehtiö5,
Anna Kuisma5, Jonna Silén2, Henri J. Sipilä2,
Pauliina Luoto2, Tuula Tolvanen2, Kalle Alanen5,
Markku Kallajoki5, Anne Roivainen2,
Sandra Borkowski6, Ray Valencia6,
Andrew W. Stephens, Heikki Minn2,7
Piramal Imaging GmbH, 6Bayer Pharma AG, Berlin,
Germany, 1Department of Surgery, Division of Urology,
4
Department of Clinical Physiology and Nuclear Medicine,
7
Department of Oncology and Radiotherapy, 5Department of
Pathology, Turku University Hospital, 2Turku PET Centre,
3
Department of Diagnostic Radiology, University of Turku,
Turku, Finland
Aim of the Study: Gastrin-releasing-peptide
receptor (GRPr or Bombesin receptor
subtype 2) is overexpressed in prostate carcinoma
(PCa) and offer new means to detect organ-con ned
prostate cancer foci. The bombesin derivative RM2
(DOTA-4-amino-1-carboxymethylpiperidine-D- Phe
-Gln-Trp-Ala-Val-Gly-His-Sta-Leu-NH2, previously
known as BAY86-7548) is a full GRPr antagonist with
strong binding af nity (Kd 3 nM). Preclinically, high
and speci c tumor uptake of [68Ga]-DOTA-RM2 was
found in mice bearing GRPr expressing human prostate
cancer xenografts. Based on the promising preclinical
data a Proof of Mechanism (PoM) study was performed
to assess tumor targeting potential, radiation dosimetry,
pharmacokinetics, and metabolism of [68Ga]-DOTA-RM2
in patients with untreated PCa using PET/CT.
Materials and Methods: Eleven men (median age 64;
range, 48-71 years) with biopsy-proven PCa scheduled
for radical prostatectomy were enrolled in this study.
The labeling and synthesis of [68Ga]-DOTA-RM2 was
performed fully automated using a dedicated synthesis
device and a 68Ge/68Ga generator (both from Eckert and
Ziegler). The patients received a median intravenous
dose of 120 MBq of [68Ga]-DOTA-RM2 followed by
dynamic imaging of the pelvis for 60 min and whole-body
imaging approx. 70 min post injection. All PET/CT
images were interpreted after consensus reading of
one experienced nuclear medicine physician and one
physician in training. The reading included evaluation
of biodistribution of [68Ga]-DOTA-RM2, intraprostatic,
and nodal uptake. All intraprostatic foci higher than
background were considered positive and tumors greater
than 5 mm at whole-mount histopathologic sections
obtained from surgery were included in analysis.
Results: High uptake of [68Ga]-DOTA-RM2 was seen
in pancreas and the urinary system. Despite of high
bladder activity focal or multifocal intraprostatic uptake
was detectable in all patients. In the visual analysis, 63
subsextants were considered positive and 69 negative,
respectively. When this analysis was correlated with
surgical ndings, a sensitivity, speci city, and accuracy
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of 89 , 83 , and 81 , respectively, were found.
The average standardized uptake value-maximum
(SUVmax) was signi cantly higher in PCa than in benign
hyperplasia (6.6 r 4.7 vs. 2.4 r 1.5, P  0.01) although
some overlap in uptake was evident. Eighty-eight lymph
nodes were evaluable for histopathologic analysis, and
of these, seven were positive for PCa. On a nodal basis
the sensitivity and speci city of [68Ga]-DOTA-RM2 for
lymph node detection were 57 and 100 , respectively.
Summary: [ 68Ga]-DOTA-RM2 is a promising new
tracer for detection of intraprostatic PCa with high
sensitivity and speci city. However, the sensitivity for
nodal staging was only moderate in the studied patient
population. As the currently available dataset is limited,
we will continue to study [68Ga]-DOTA-RM2 in more
PCa patients in the future.

localization of Y-90 glass microspheres. This approach
provides a simple and rapid method of confirming
microsphere deposition.

O-009

THERANOSTICS Center for Molecular Radiotherapy
and Molecular Imaging, ENETS Center of Excellence,
Zentralklinik Bad Berka. Robert-Koch-Allee 9, 99437 Bad
Berka, Germany

Feasibility of Y-90 PET-CT Following
Radioembolization
Senthil R., S. Sumati, Chitra R.,
Prabakaran G., Vanitha Krishnamoorthy
Department of Nuclear Medicine and PET-CT, Global
Hospitals and Health city, Hyderabad, India
Aim: Radioembolization with Y90 microspheres
represents a novel transarterial radiation treatment
for liver tumors. Bremsstrahlung imaging is usually
being done after Y90 microspheres Radioembolization.
It is based on a Single-photon emission computed
tomography (SPECT) acquisition that uses either a wide
imaging window or multiple energy windows due
to the continuum, the scattered photon cannot easily
be distinguished from true photons. Consequently,
Bremsstrahlung imaging is not quanti able, and thus
accurate dose distribution cannot be obtained. The
internal pair production (thereby, positron) of Y 90
allows the possibility of using coincidence imaging
(Positron emission tomography - computed tomography
(PET CT)). We aimed to evaluate the feasibility of post
Radioembolization PET-CT of Y90 glass microspheres.
Materials and Methods: We evaluated ve patients,
age ranging from 52 years to 68 years. Each patient
underwent PET/CT imaging 24 hours after Y90
microspheres administration as per our institutional
protocol (10 minutes 3D PET-CT imaging of the liver).
One of these patients underwent both Y-90 PET/CT and
Brehmstrahlung imaging (Whole body and SPECT).
Results: Visual analysis of Y-90 PET-CT enabled the
localization of Y90 glass microspheres for all patients.
Good correlation was also found between Y-90 PET CT
and Brehmstrahlung imaging.
Summary: Y90 PET-CT can be used to assess the
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O-010

Theranostics of Neuroendocrine
Neoplasms: Molecular Response and
Prognosis Assessment after Peptide
Receptor Radionuclide Therapy
using Ga-68 Somatostatin Receptor
PET/CT
Harshad R. Kulkarni, Richard P. Baum

Aim: The aim of this study was to assess the value of
response evaluation to peptide receptor radionuclide
therapy (PRRT) according to molecular imaging
criteria using Ga-68 somatostatin receptor Positron
emission tomography - computed tomography PET/CT
(somatostatin receptors (SSTR) PET/CT) and to nd out
if molecular response status predicts the progression-free
survival (PFS) and overall survival (OS) in patients with
neuroendocrine neoplasma (NENs).
Materials and Methods: One hundred and thirty eight
patients with metastasized inoperable well-differentiated
NENs (G1 and G2) and evidence of morphological or
clinical progression (progressive disease, PD) within
the last 1 year underwent SSTR PET/CT using Ga-68
DOTATOC or DOTATATE before and 10-14 weeks
after each cycle of PRRT. The four cycles of PRRT
were administered with an interval of 11-16 weeks
between successive cycles, administering a cumulative
radioactivity of 19.6–41.8 GBq of Lu-177 and/or Y-90. The
maximum standardized uptake values (SUVmax) were
determined for each patient on pre- and post- therapy
SSTR PET/CT. Molecular response was evaluated
according to the European Organisation for Research
and Treatment of Cancer (EORTC) criteria, considering
the percentage change in maximum standardized uptake
value (SUVmax) of the target lesion with maximum uptake.
Morphological response was determined calculating
percentage change in the longest diameter of target
lesions on CT. Patients were followed up prospectively
for PFS and OS as the end-points after SSTR PET/CT
post-4th PRRT cycle
Results: According to molecular response criteria, partial
remission (PR) was observed in 49 (35.5 ) patients, stable
disease (SD) in 71 (51.5 ), and PD in 18 patients (13 ) after
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the 4th cycle of PRRT. Response based on morphological
criteria was as follows: PR in 24 (17.4 ), SD in 91 (65.9 )
and PD in 23 (16.7 ) patients. The median PFS was 24
months and OS 58 months. There was a statistically
signi cant difference in probability of OS after 4th cycle of
PRRT based on the molecular response status (P 0.021),
but not with morphological response status as determined
by CT (P  0.63). The probability of PFS also differed
signi cantly based on the molecular response status, i.e.,
between patients who had PR and those with SD (P 0.034).
Summary: Since molecular response precedes
morphology, evaluation of molecular response to PRRT
using SSTR PET/CT offers additional information over
morphologic response assessment alone.
O-11

The Usage of Deformable Phantoms
for Personalized Dosimetry in
Radionuclide Therapy
Matthias Blaickner, Harshad R. Kulkarni1,
Stefan Wiessalla1, Christiane Schuchardt1,
Richard P. Baum1
Health and Environment Department, AIT Austrian Institute
of Technology, Vienna, Austria, 1THERANOSTICS Centre
for Molecular Radiotherapy and Molecular Imaging,
ENETS Center of Excellence, Zentralklinik Bad Berka,
Germany
Aim of the Study: State of the art, three dimensional (3D)
and voxel-based dosimetry approaches in radionuclide
therapy are capable to calculate the absorbed dose to each
voxel. However, without any form of segmentation of the
underlying Positron emission tomography - computed
tomography (PET/CT) or Single-photon emission
computed tomography-computed tomography (SPECT/
CT) data the af liation of a voxel, i.e., the organ or tissue,
is not known a-priori. Manual segmentation is an option
but very time consuming and prone to intra-observer
variations. Therefore, the aim of this work is to lay
the foundation for a radionuclide therapy treatment
planning system that is able to perform dose calculations
on a fully segmented as well as deformable phantom,
which matches the individual patient anatomy and thus
enables personalized dosimetry.
Materials and Methods: The computational approach
consists of two basic steps: (i) Semiautomatic segmentation
of a few organs of interest on the CT, producing a binary
3D matrix that describes the organ boundaries and
serves as blueprint for the (ii) non-uniform deformation
of a predefined, deformable phantom modeled by
subdivision surfaces (SubD). For this, a Python code was
implemented which superimposes an initial, triangular

surface mesh on a tomographic image and then uses a 3D
gradient vector ow (GVF) algorithm to make the initial
surface converge at the organs’ surface. In the second step,
prede ned SubD phantoms produced in previous works
were used. The deformation of the respective SubD organ
is realized by means of a signed distance eld that morphs
the surface to match the topology of the segmentation
result and thus takes the shape of the individual organ.
Results: The 3D-GVF proves to be stable as well as
convergent for binary test data and requires very little
computation time (1s). The morphing algorithm for the
SubD surface is also stable and works independently of its
initial positioning, i.e., at the morphing’s outset the surface
can be partially inside and outside the segmented binary
matrix. Surface coordinates of the transformed SubD
organs are retained and can be used as reference points
for atlas mapping. All SubD structures can be discretized
into any voxel size and thus incorporate every given PET
or SPECT data, thus enabling personalized, voxel based
dosimetry in a fully segmented spatial domain.
Summary: The use of deformable SubD phantoms
combines voxel based, personalized dosimetry with the
advantage of a fully segmented phantom that matches
the individual patient’s anatomy. In future works, the
computer models will be applied to clinical gallium-68-1,
4,7, 10-tetraazacyclododecane-1, 4,7, 10-tetraacetic acid
( 68Ga-DOTA) PET/CT and 177Lu-DOTA SPECT/CT
scans of PRRT patients from the Zentralklinik in Bad
Berka to perform personalized dosimetry retrospectively
and to investigate subsequently the dose–response
relationship and organ toxicities of gastroenteropancreatic
neuroendocrine tumors (GEP-NET) treated with PRRT.
O-012

Guidelines for Safe, Effective
Outpatient Lutetium-177
Octreotate Radiopeptide Therapy
for Neuroendocrine Tumors and
minimisation of Radiation Exposure
of Carers, Hospital Staff, and
General Public
Phillipe J. Calais, Paul A. Brayshaw,
J. Harvey Turner
Department of Nuclear Medicine, The University of Western
Australia, Fremantle Hospital, Alma Street, Fremantle, WA
6160, Australia
Practice Guidelines for safe, effective outpatient
radiopeptide therapy for neuroendocrine tumors were
formulated in the light of our single centre experience of
150 patients undergoing 600 cycles 7.8 GBq Lutetium-177
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Octreotate. Radiation exposure of carers, hospital staff,
and general public was monitored and patients released
from the day patient unit when they complied with local
regulatory agency discharge limits. These guidelines
conform to those of International Commission on
Radiological Protection (ICRP) Publication 94 (2004)
and International Atomic Energy Agency (IAEA)
Release of Patients after Radionuclide Therapy (2009)
patient release radiation exposure rate criteria of 25
Sv/h at 1 m. This is normally achieved 4-6 hours
after administration when the retained activity, after
urine excretion, is approximately 4 GBq. The radiation
monitoring data will be presented and discussed in
relation to the rationale and logistics for outpatient
radiopeptide therapy. The guidelines detail the pathway
of Lutetium-177 Octreotate radiopeptide therapy from
provision of informed consent, the patient imaging,
preparation of the day-patient room, shielded toilet
facilities, protection of staff, monitoring of radiation
exposure, discharge of patients, and subsequent
follow-up imaging. Discussion of these draft guidelines
will form the basis of the subsequent formulation
of de nitive guidelines for safe, effective outpatient
radiopeptide therapy for neuroendocrine tumors, to be
promulgated under the aegis of the World Association
of Radionuclide and Molecular Therapy (WARMTH).

Oral Presentations (Therapy)
O-013

Ac and 213Bi D-Particle-Emitter
Therapy in Combination with SAHA
and 17-AAG

225

Srinivasan Senthamizhchelvan, Hong Song,
Alfred Morgenstern1, George Sgouros
Division of Nuclear Medicine, Russell H. Morgan
Department of Radiology and Radiological Science, Johns
Hopkins University, Baltimore, MD, USA, 1European
Commission, Joint Research Centre, Institute for
Transuranium Elements, Karlsruhe, Germany
Objectives: Alpha-particle emitter radiopharmaceutical
therapy (a-RPT) is a promising approach to cancer therapy.
Alpha-particles lead to highly disruptive and largely
irreparable deoxy ribonucleic acid (DNA) double strand
breaks capable of killing a cell with as few as one to two
tracks through the nucleus. Although the ability to repair
D-induced DNA damage is independent of D dose-rate
the ef cacy of a D-emitter with a long half-life can be
compromised when targeting very rapidly proliferating
tumor cells if the dose-rate is outpaced by the proliferation
48

rate. In this study, we investigate alpha-particle emitter
radiopharmaceutical therapy (a-RPT) using 225Ac (T1/2
 10 days) and 213Bi (T1/2  45.6 min.) in combination
with clinically approved tumor growth suppressor,
suberoylanilide hydroxamic acid (SAHA) and cell cycle
blocker, 17-(Allylamino)-17-demethoxy- geldanamycin
(17-AAG) in breast cancer cells.
Materials and Methods: Breast cancer cell lines,
MDA-MB-231 and MCF-7 were used. 225Ac was obtained
from the Institute for Transuranium Elements, Karlsruhe,
Germany. 213Bi was eluted from an 225Ac/213Bi generator.
225
Ac and 213Bi were labeled with an irrelevant antibody
(Ab) rituximab (0.2-20 nCi/mL at a speci c activity of
0.10 PCi/Pg) in all combination studies so as to better control
exposure time to the D-emitter. Speci c cell kill in vitro was
determined by colony formation assay. MDA-MB-231 and
MCF-7 cells were seeded into 48-well plates at 2.0u103 per
well. For both 225Ac and 213Bi combination therapy, cells
were pre-treated with SAHA (2.5PM) or 17-AAG (300 nM)
for 24 hrs and washed off before treatment with a-emitter.
The activity concentrations of 225Ac and 213Bi were chosen
to deliver the same absorbed dose (0-8 Gy) to the cells over
a period of 24 hrs. After 24 hrs treatment with a-emitter
cells were trypsinized and replated on cell culture Petri
dishes for colony growth.
Results: MDA-MB-231 radiosensitivity (D 0) values
for 225Ac- rituximab, 225Ac- rituximab2.5 PM SAHA,
225
Ac- rituximab  300 nM 17AAG were 0.38 r 0.02,
0.50r0.03, and 0.44r0.02, respectively. The same for
MCF-7 cells were 0.40r0.01, 0.53r0.02, and 0.46r0.02,
respectively. MDA-MB-231 radiosensitivity (D0) values
for 213Bi- rituximab, 213Bi- rituximab2.5 PM SAHA, 213Birituximab300 nM 17AAG were 0.40r0.02, 0.65r0.05,
and 0.49r0.02, respectively. The same for MCF-7 cells
were 0.44r0.02, 0.62r0.03, and 0.47r0.04, respectively.
Summary: SAHA and 17-AAG have never been combined
with targeted D-emitters. The rationale for evaluating
these in combination with D-RPT is based on their ability
to induce cell cycle block and differentiation with the
effect of reducing tumor cell proliferation at non-toxic
concentrations, in vivo. These preliminary studies show
a maximum of 62 increase in radiosensitivity when
MDA-MB-231 cells are pre-incubated for 24 hrs with SAHA.
O-014

Preparation and Preliminary Studies
on 177Lu-Labeled RGD: Peptide
Derivative for Targeted Tumor
Therapy
Sudipta Chakraborty1, H. D. Sarma2,
K. V. Vimalnath1, M. R. A. Pillai1,
Sharmila Banerjee
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Radiopahrmaceuticals Division, Bhabha Atomic Research
Centre, 2Radiation Biology and Health Sciences Division,
Bhabha Atomic Research Centre
Aim of the Study: Integrin DvE3 plays a signi cant role
in angiogenesis during tumor growth and metastasis,
and is a receptor for the extracellular matrix proteins
with the exposed arginine (R)-glycine (G)-aspartic acid
(D) tripeptide sequence. The overexpression of integrin
DvE3 during tumor growth and metastasis presents an
interesting molecular target for both early detection and
treatment of rapidly growing solid tumors. Considering
the advantages of 177Lu for targeted radiotherapy and
enhanced tumor targeting capability of cyclic RGD
peptide dimer, an attempt has been made to prepare
177
Lu-labeled DOTA-E[c (RGDfK)]2 (E Glutamic acid,
f phenyl alanine, K lysine) as a potential agent for
targeted tumor therapy.
Materials and Methods: 177 Lu was produced by
thermal neutron bombardment on enriched Lu2O3 (82
in 176Lu) target at a ux of 1 u 1014 n/cm2.s for 21 d.
177
Lu-DOTA-E[c (RGDfK)]2 was prepared by adding
the aqueous solution of the ligand and 177LuCl3 to 0.1 M
NH4OAC buffer containing gentisic acid and incubating
the reaction mixture at 80 C for 30 min. The yield and
radiochemical purity of the complex was determined
by High-performance liquid chromatography (HPLC)
technique. Various parameters, such as, ligand
concentration, incubation time and temperature were
varied extensively to arrive at the optimized protocol
for obtaining maximum complexation yield. Biological
behavior of the radiotracer prepared was studied in
C57/BL6 mice bearing melanoma tumors.
Results: 177Lu was produced with a speci c activity of
25mCi/Pg and radionuclidic purity of 99.98 . The
177
Lu complex of DOTA-E[c (RGDfK)]2 was prepared
with ! 98 radiochemical purity with a high speci c
activity of 1 mCi/Pg of the radiotracer. The complex
exhibited excellent in vitro stability even when prepared
in a high dose of ~ 200 mCi of 177Lu. The results of the
biodistribution studies revealed signi cant tumor uptake
within 30 min p.i. (3.80r0.55 IA/g). Initial accumulation
of activity was observed in various non-target organs
viz. liver, GIT, kidney, lungs, etc., However, with the
progress of time, the uptake in non-target organs was
observed to reduce gradually. The tumor to blood ratio
was observed to increase from 2.33r0.57 at 30 min p.i. to
58.36r2.15 at 24 h p.i., while the tumor to liver and tumor
to muscle ratio increased from 0.81r0.16 to 1.28r0.22
and 9.02r1.08 to 33.28r3.51, respectively, between the
same time points. The radiolabeled conjugate exhibited
predominant urinary excretion, as more than 80 of
the injected activity cleared via renal pathway within
30 min p.i. However, the retention of the radiotracer
in the tumor was not satisfactory as it was found to be
reduced to 1.51r0.32 at 72 h p.i.

Summary: Although, the developed radiotracer showed
encouraging initial tumor uptake, the tumor retention
was not satisfactory for a 177Lu-labeled agent for in vivo
targeted therapy.
O-015

Nano-carriers: A Better Alternative
to Amino Acid Co-Infusion in PRRT
for Renal Protection
Geetanjali Arora, Jaya Shukla1,
Sourabh Ghosh2, Arun Malhotra,
Gurupad Bandopadhyaya
All India Institute of Medical Sciences, Delhi,
1
Post-Graduate Institute of Medical Education and Research,
Chandigarh, 2Indian Institute of Technology, Delhi, India
Aim: Renal radiation dose is a major concern during
PRRT with 177Lu-DOTATATE and co-infusion of basic
amino acids is commonly used to protect kidneys. This
method has been shown to reduce renal dose but is
associated with side effects mainly its hyper-osmolarity
and tendency to cause vomiting and metabolic changes.
To overcome these limitations, herein we have developed
biodegradable nano-carriers to deliver 177Lu-DOTATATE
to the tumor.
Materials and Methods: 177Lu-DOTATATE-loaded
nanoparticles (NPs) of poly-lactic-co-glycolic acid
(PLGA), alginate, and alginate/chitosan were prepared,
coated with polyethylene glycol (PEG) and compared
for ease of formulation, particle size, response to
physiological pH (7.4), drug-loading ef ciency, and
release kinetics. The best-suited NPs were then evaluated
in vivo in tumor-induced wistar albino rats (C6 glioma
cell) by imaging followed by organ counting upto 24 h.
Uptake ratio of tumor (T) to kidney (K), liver (L), and
bone (B) were calculated and compared to that of control
group injected with 177Lu-DOTATATE.
Results: All NPs were spherical as seen on electron
microscope. PLGA NPs were found to be better
than alginate and alginate/chitosan with optimum
size (303.8 r 67.2 nm), slow degradation at pH 7.4,
drug-loading capacity (65.385 r 5.67 ) and minimum
release till 6 h (27.89r4.60 ). At 24 h post-injection, T: K,
T: L, and T: B values were calculated to be 8.58, 5.68, and
8.00 in the group injected with 177Lu-DOTATATE-NPs.
The corresponding values for the control group were 2.17
(P0.001), 6.82 (P 0.2), and 8.71 (P 0.3), respectively.
Summary: This is a pilot study to establish the
utility of NPs in PRRT. An almost 4-fold increase in
tumor-to-kidney ratio indicates the high potential
of nano-carriers in enhancing the efficacy of PRRT
by reducing the associated renal radiation dose. The
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use of NPs for PRRT can increase patient compliance
and improve tolerance, particularly in patients who
otherwise remain undertreated owing to increased side
effects at high doses. These encouraging results form the
platform for further trials in human subjects, so that NPs
can be applied in routine PRRT.
O-016

Whether PRRT Connecting with
Long Acting Somatostatin Analogue
may Lengthen Survival in Group of
Patients with NET?
$QQD6RZD6WDV]F]DN6WHIDĔVND$
3DFK'0LNRáDMF]DN51,
Tomaszuk M., Gilis-Januszewska A.,
Hubalewska-Dydejczyk A.
Jagiellonian University Medical College in Krakow, Poland,
1
Radioisotope Center POLATOM, National Centre for
Nuclear Research, Poland
Aim: The aim of this study was to assess the ef cacy
of peptide receptor radionuclide therapy (PRRT) with
the use of 90Y labeled Tyr3-octreotate, 90Y-DOTATATE,
and the survival rate of patients with disseminated or
non-operable neuroendocrine tumors (NETs).
Materials and Methods: In the period from June 2006
to October 2012, 70 patients were treated with PRRT
in our Department. The 90Y-DOTATATE therapeutic
activity was calculated per total body surface area up
to a total of 7.4 GBq/m2 administrated in three to ve
cycles, repeated every 4 to 9 weeks. Before and after the
therapy, blood tests for hematology, kidney, and liver
function were performed. After PRRT, patients have
been further treated with cold long acting somatostatin
analogues (Sandostatin LAR) to the progression of the
disease.
Results: Out of 70 90Y-DOTATATE treated patients, 22
died after completing the therapy, among them two
due to myocardial infarction. After 12-month follow-up,
stabilization of disease was observed in 63 , partial
remission in 25 , and progression in 12 in this group of
patients. The progression free survival (PFS) was found
to be 41.27 months and the event-free survival (EFS) –
37.73 months. The median overall survival (OS) was not
reached. According to the literature ( wik a et al., 2010)
in group of 57 patients treated by 90Y-DOTATATE up
to a cumulative activity of 15.2 GBq PFS and OS were
about 17 and 22 months, respectively. During follow-up,
transient decrease in platelets (PLT), white blood cells
(WBC), and hemoglobin values was observed. An
increase of creatinine level and decrease of Glomerular
Filtration Rate (GFR) values over observation period
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were found, but these were clinically insignificant
symptoms of transient nephrotoxicity.
Summary: Long-term patients benefit in the form
of long survival rate, symptomatic relief, and tumor
mass reduction after 90Y-DOTATATE therapy was
observed. PRRT and further treatment with long acting
somatostatin analogues may extend the survival of
disseminated patients with NETs.
O-017

A DOTA-Analog Phosphinate Chelator
for Application in Multimeric
Bioconjugates and Theranostics
-RKDQQHV1RWQL-DNXEâLPHþHN
3HWU+HUPDQQ-DQD+DYOtþNRYi
Eberhardt Herdtweck, Nils Engelbogen,
Tobias Kapp, Horst Kessler,
Hans-Jürgen Wester
Technische Universität, München, Germany
Aim: Inspired by the favorable properties of 1,
4,7-triazacyclononane-phosphinate (TRAP) chelators,
we applied the underlying synthetic concept to the 1,
4,7, 10-tetraazacyclononane (cyclen) backbone. The
resulting chelator 1, 4,7, 10-tetraazacyclononane-1,
4,7, 10-tetrakis[methylene (2-carboxyethyl) phosphinic
acid (DOTPI) was investigated in terms of chemical,
bioconjugation and radiolabeling properties.
Materials and Methods: DOTPI was obtained by
reaction of cyclen with (2-carboxyethyl) phosphinic
acid and paraformaldehyde in a Mannich-type reaction.
Protonation constants of DOTPI, and thermodynamic
stabilities of its complexes with several metal ions, were
determined by potentiometry. Functionalization with
polyethylene glycol-4 (PEG)-linkers and cyclo (RGDfK)
peptide units was done by amide bonding, affording
the tetrameric RGD conjugate DOTPI (RGD) 4. DvE3
integrin af nities (inhibitory concentration (IC50)) of
its natLu (III) and natCu (II) complexes were determined
in displacement assays on immobilized DvE3 integrin
against cilengitide. 177Lu radiolabeling was done using
70 MBq of 177Lu in 0.04 M aq. HCl (7 PL) and 0.1–0.5
nmol of precursor; 30 min at 95 C, pH 6.6 (adjusted
with NaOAc). 64Cu radiolabeling was done with 2 MBq
of 64Cu in 10–3 M aq. HCl (0.1 mL); reaction for 5 min
at 20 C with precursor concentrations of 0.1–10 nM.
Stability of the radiolabel was assessed by incubation
of [177Lu]- and [64Cu] DOTPI (RGD) 4 in 0.4M solution of
competing chelator (diethylene triamine pentaacetic acid
(DTPA) and Ethylenediaminetetraacetic acid (EDTA),
respectively), human plasma, and phosphate buffered
saline (PBS).
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Results: Synthesis of DOTPI could be performed
with acceptable (21 ) overall yield based on cyclen.
Thermodynamic stabilities (logKML) of its complexes
were determined to be 23.11 for Cu (II), 20.0 for Lu
(III), and 19.7 for Y (III). Functionalization with linkers
and peptide units did not require any protection of
the phosphinates, rendering synthesis of the cyclo
(RGDfK) tetramer DOTPI (RGD)4 fairly simple and
straightforward. Due to enhancement of avidity by
multimerization, IC50 values of [natCu] DOTPI (RGD)4
(0.074 r 0.030 nM) and [natLu] DOTPI (RGD)4 (0.036 r
0.019 nM) are 18 and 37 times lower, respectively, than
that of the non-conjugated monomer cyclo (RGDfK)
(1.33r0.09 nM). DOTPI (RGD) 4 could be labeled with
177
Lu as efficient as DOTA. However, 64Cu labeling
occurred with much higher efficiency, as complete
64
Cu incorporation required concentrations of 1 PM for
DOTPI (RGD) 4 but 10 PM for DOTA. Both radiolabeled
conjugates were found stable against demetallation in
a transchelation challenge, in human plasma, and PBS.
Summary: DOTPI, a cyclen-based tetraphosphinate
chelator for tetra-conjugation, was found suitable
for radiolabeling with the PET nuclide 64Cu and the
therapeutic E-emitters 177Lu and 90Y. Based on the
excellent af nity in the pM range, radiolabeled DOTPI
(RGD) 4 seem to be well-suited for application as
diagnostic as well as therapeutic radiopharmaceuticals.
In addition, the possibility of functionalizing DOTPI with
reporter molecules such as uorophors, recommends
evaluating DOTPI as core structure for the development
of multimodal theranostic probes.

is widely used in the management of cancer-related
anaemia. Data evaluating the use of EPO in preparing
patients with pre-existing grade-3 anemia (HB: 8-6.5 g/dl)
for radionuclide therapy is almost nonexistent but would
be important information to healthcare providers.
Aim of the Study: To evaluate the effectiveness of EPO
in stabilizing hemoglobin in patients with pre-existing
grade-3 anemia (HB: 8-6.5 g/dl) according to common
toxicity criteria needing radionuclide therapy for bone
pain palliation.
Materials and Methods: Thirty-three patients with grade-3
anemia (HB: 8-6.5 g/dl) with normal leukocyte and platelets
count scheduled to receive Samarim-153-(EDTMP)
Ethylenediamine tetra (methylene phosphonic acid)
therapy was recruited. They were treated with 40, 000
I.U Erythropoietin/week/subcutaneously in 2 divided
dose starting 2 weeks prior to Samarim-153-EDTMP
therapy. Treatment was continued during the 6 weeks
of post-treatment observation period.
Result: Mean age was 58.5 r 13.7 years. Baseline
mean Hb was 7.6 r 0.52 gram/dl. Post therapy Hb
was 8.8 r 0.96 gram/dl. Hemoglobin level improved
in 29 (90.7 ) patients, remained stable in 3 (9 ), but
showed further drop in one (0.3 ) patient in subsequent
6 weeks to radionuclide administration.
Conclusion: Addition of erythropoietin at dose of
40, 000 I.U/week is effective in stabilizing hemoglobin
in patients with pre-existing cancer-induced anemia
needing radionuclide therapy for bone pain palliation.

O-018

O-019

Addition of Erythropoietin is
Effective in Stabilizing Hemoglobin
in Patients with Pre-Existing Grade-3
Cancer-Induced Anemia Needing
Radionuclide Therapy for Bone Pain
Palliation
Sukanta Barai, Gambhir S.
Department of Nuclear Medicine, Sanjay Gandhi
Postgraduate Institute of Medical Sciences
Background: Radionuclide therapy utilizing various
isotopes are routinely prescribed to patients of painful
skeletal metastases. A universal adverse effect of
radionuclide therapy is temporary myelosupression,
moreover, many these patients have pre-existing anaemia
due to marrow involvement and as an effected of previous
radiation and chemotherapy. Low hemoglobin level is one
of the common reasons of postponement/cancellation of
radionuclide therapy for pain. Erythropoietin (EPO)
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The NaCl based 68Ga Labeling
Procedure – A Suitable Method for
Research and Clinical Applications
Dirk Mueller, Ingo Klette, Michael K. Schultz1,
Wouter A. P. Breemann2, Michael Gottschaldt3,
Richard P. Baum
Zentralklinik Bad Berka, Department of Nuclear Medicine/
PET Center, 99437 Bad Berka, Germany, 1University of
Iowa, Departments of Radiology and Radiation Oncology
(Free Radical Radiation Biology Program), ML B180, 500
Newton Road, Iowa City, IA 52242 USA, 2Department of
Nuclear Medicine, Erasmus MC Rotterdam’s Gravendijkwal
230, 3015CE Rotterdam, The Netherlands, 3Friedrich
Schiller University of Jena, Institute for Organic and
Macromolecular Chemistry, Center for Soft Matter (JCSM),
07743 Jena, Germany
Aim: 68Ga labeled compounds can be obtained using
different pre-puri cation methods. We developed a
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single cartridge - NaCl based concentration and labeling
procedure. It soon became clear that this method is a
highly ef cient labeling procedure and was, therefore,
immediately used for the automated routine production
of 68Ga-DOTATOC. In this work, we present our
experience about the use of the NaCl-based 68Ga labeling
procedure for the routine high-throughput production
of 68Ga-DOTATOC for clinical application and for the
synthesis of other 68Ga-labeled compounds. Additionally,
the in uence of iron contaminations in the 68Ga3eluates
and reagents for the labeling has been investigated. In
order to replace costly atomic absorption spectroscopy
(AAS) as suggested in a draft for a monograph for the
European Pharmacopoeia (Vol. 23, No. 3, July 2011), we
investigated colorimetrical iron tests to quantify the iron
content in 68Ga eluates and in the reagents.
Materials and Method: 68Ga 3+ was eluted from a
68
Ge/68Ga generator (Eckert and Ziegler). For the manual
labeling reactions the 68Ga3+ of the generator eluate
was trapped onto a silica-based SCX cartridge and
subsequently, eluted with a mixture of 0.5 mL of 5M
NaCl and 12.5 Pl 5.5 M HCl into the reaction vial, which
contains acetate buffer and the corresponding precursor
as described elsewhere. The automated routinely
production of 68Ga-DOTATOC was carried out. The
radiolabeled compounds were characterized by radio
High-performance liquid chromatography (HPLC) and
radio Instant Thin-Layer Chromatography (ITLC). The
in uence of iron on the labeling ef ciency of DOTATOC
was investigated by addition of aliquots of a self-made
iron standard using FeCl3. The determination of iron in
the reagents or reaction solution was carried out with the
help of a colorimetric test (VWR, Microquant Iron Test,
Ferrospectral, 0.1- 5 mg/L Fe 0.1- 5 Pg/ml).
Results: The absence of organic solvents during the
preparation reduces both signi cantly, the synthesis
time and the analytical burden. The determination of
organic solvents by gas chromatography is not required.
The high chemical and radiochemical purity of the
nal product allows the direct use of the sterile ltered
radiopharmaceutical after short quality control tests
(radio-ITLC, pH). Thus, based on the half lifetime of
68
Ga (68 min) twice the amount of activity is available
for patient administration compared to other labeling
procedures. We used this method for the synthesis of
68
Ga-DOTATOC in more than 790 clinical production
runs for more than 2000 patient scans. Iron ions as
foreign ions have a strong impact on the labeling
ef ciency of 1, 4, 7, 10-tetraazacyclododecane-1, 4, 7,
10-tetraacetic acid (DOTA)-conjugated compounds. The
presence of ascorbic acid as radical scavenger in uences
the labeling ef ciency as well, if iron ions are present
during the complexation. The content of 2 Pg Fe3+in the
reaction mixture without ascorbic acid leads to a nal
concentration of free 68Ga of 76 as determined by radio
HPLC [Table 1].
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Table1: Results of radio HPLC
Amount of
Fe3+ in reaction
mixture (Pg)
0.3
0.6
2.0

Concentration of free 68Ga
ÀQDOUHDFWLRQPL[WXUH
without ascorbic
5 mg ascorbic
acid (%)
acid added (%)
1.3
2.6
76.0

0.8
0.7
13.0

For the routinely determination of iron in reagents or
the eluate, colorimetric test systems are particular well
suited, are a lot less expensive and much easier to handle
than an Atomic absorption spectroscopy (AAS). The
test system can detect iron concentrations of 0.1 Pg/
ml. We found that a concentration of 10 Pg/GBq iron in
the 68Ge/68Ga generator eluate, as suggested maximum
concentration of iron accordingly to the draft of the
monograph for 68Ga-chloride (European Pharmacopoeia),
would lead to an incomplete labeling of DOTATOC. In
this case, a successful labeling for clinical application
of DOTA-conjugated peptides would be not possible,
independent on the applied pre-concentration method.
Summary: The NaCl-based 68Ga concentration and
labeling procedure makes 68Ga labeled compounds more
easily accessible for institutions with frequent production
needs, as well as for routine preparations in centers with
heavy production requirements via reduced analytical
effort and more rapid production. The used reagents and
the generator eluate should be controlled regularly for iron
contaminations. The colorimetric determination of iron
is particular well suited as standard test system, which
prevents fail runs of radiopharmaceutical productions of
68
Ga-labeled compounds.
O-020

Ga-DOTA-Substance-P as a Tool
for Diagnostics and Locoregional
Administration Follow up of
213
Bi-DOTA-Substance-Pin the Course
of Glioma Therapy
68

Dariusz Pawlak, Piotr Garnuszek,
Michal Maurin, Leszek Krolicki1, 2,
Jolanta Kunikowska1, Alfred Morgenstern3,
Frank Bruchertseifer30DFLHM-DNXFLĔVNL2,
Henryk Koziora4, Bartosz Krolicki5,
Renata Mikolajczak
National Centre for Nuclear Research Radioisotope
Centre Polatom, Otwock, 1Department of Nuclear
Medicine, Medical University of Warsaw, 2Department of
Diagnostic Imaging, Mazovia Hospital Brodno, Warsaw,
3
European Commission, Joint Research Centre, Institute
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for Transuranium Elements, 4Department of Neurosurgery,
2QFRORJ\&HQWHU±0DULD&XULH6NáRGRZVND,QVWLWXWH
5
Institute of Psychiatry and Neurology, Warsaw, Poland
Aim of the Study: Gliomas, world Health Organization
(WHO) grade II-IV, have been shown to consistently
overexpress the transmembrane neurokinin type I
receptor (NK-1). NK-1 receptors have also been detected
in tumor cells in ltrating the intra- and peritumoral
vasculature. Peptide Substance P is a physiological
ligand for NK-1 receptor and can be labeled with various
radionuclides using chelators suitable for e.g., 68Ga and
213
Bi. Targeted alpha-radionuclide therapy of functionally
critically located gliomas with 213Bi-DOTA-[Thi8, Met
(O2)11]-substance-P has been reported. In this work,
111
In-DOTA-[Thi8, Met (O2)11]-substance-P was used for
evaluation of receptor expression and dose distribution
(Single-photon emission computed tomography
(SPECT) and low-dose computed tomography (CT)).
The aim of our work was to perform Positron emission
tomography (PET) imaging using 68Ga-DOTA-[Thi8, Met
(O2)11]-substance-P co-injected with 213Bi-DOTA-[Thi8,
Met (O2)11]-substance-P therapeutic dose administered to
the glioma patient via catheter directly to the cavity after
tumor resection in order to assess the post-therapeutic
dose distribution.
Materials and Methods: First 3 mL of eluate of the
68
Ge/68Ga generator (iThembaLABS) with radioactivity
of 350 – 780 MBq of 68Ga were used for labeling of 100
Pg DOTA-[Thi 8, Met (O 2) 11]-substance-P (piChem,
Austria) dissolved in 2.4 mL 1.25 M AcONa, pH of
about 3.7. Incubation was carried out at 95oC for 15
min using heating oven. Radiochemical purity was
assessed by High-performance liquid chromatography
(HPLC) using Jupiter 4u Proteo 90A (150 u 4.8 mm,
Phenomenex) column with isocratic elution (25 of
0.1 TFA/ACN, 75 of 0.1 TFA/H2O, 0.6 ml/min)
and Instant Thin Layer Chromatography-Silica Gel
(ITLC-SG) with two developing solutions: 0.05 M
Sodium citrate or mixture of MeOH: 1 M ammonium
acetate (1:1 v: v). After radiolabeling the solution
of 68 Ga-DOTA-[Thi 8 , Met (O 2 ) 11 ]-substance-P was
diluted to about 10 mL and sterilized by membrane
ltration 0.22 Pm directly to syringes. The dose of
68
Ga-DOTA-[Thi8, Met (O2)11]-substance-P of 10 MBq
was added to the standard 213Bi-DOTA-[Thi 8, Met
(O2)11]-substance-P dose prior to administration to the
patient as described earlier.
Results: Radiochemical purity of 68Ga-DOTA-[Thi8,
Met (O 2) 11]-substance-P determined by HPLC was
in the range 80.5 to 98.2 in 6 consecutive labeling
runs in the procedure lasting 20-25 min. Thin Layer
Chromatography (TLC) provided similar results: From
81.1 to 98.3 for 0.05M sodium citrate and from 83.2
to 99.7 for MeOH : 1M ammonium acetate (1:1 v: v).
High labeling yields and high radiochemical purity of

Ga-DOTA-substance-P allowed its use in patients.
PET images acquired directly after administration of
mixed 68Ga/213Bi-DOTA-[Thi8, Met (O2)11]-substance-P
dose showed orthotopic radioactivity distribution.
Summary: This work presents the very rst attempt
to assess the diagnostic utility of 68Ga-DOTA-[Thi8,
Met (O2)11]-substance-P in glioma patients referred
for peptide receptor radionuclide therapy. The
diagnostic value of obtained images is still to be
veri ed.
68

O-021

Development of Ga-68 Labled Novel
Peptide Based Imaging Agent for
Neoplastic Lesions and Solid Tumors
Harleen Khurana, Puja P. Hazari,
Ambika Parmar, Surbhi Prakash,
Viren K. Meena, Anil K. Mishra
Division of Cyclotron and Radiopharmaceutical
Sciences, Institute of Nuclear Medicine and Allied
Sciences, Brig. S.K. Mazumdar Marg, Timarpur,
New Delhi - 54, India
Aim of the Study: A bifunctional moiety DT
(GS) 2 , comprising of thiol groups in the form of
Glutathione conjugated with a chelating agent
Diethylenetriaminepentaacetic acid (DTPA) has been
synthesized and characterized. DT (GS)2-Ga68 labeled
showed intense uptake in the tumor tissue as compared
to contralateral tissues.
Materials and Method: Synthesis of DT (GS)2 was done
by conjugating Glutathione (GSH) with DTPA and
was characterized by 1H, 13C NMR (Nuclear magnetic
resonance) and Mass Spectroscopy. Drug was radiolabeled
with 68Ga in Sodium acetate buffer pH 5.5 at 90 C for 15
mins and purified using C-18 column and analyzed
on Radio- High-performance liquid chromatography
(HPLC). The 68Ga-labeled DT (GS) 2 was then injected by
an intravenous injection through tail vein in xenografted
athymic mice. Biodistribution study was done and in vivo
imaging was performed on mice bearing xenografted
tumors from cell lines of both human and murine origin.
Result: Radiochemical analysis and serum stability studies
demonstrated that the ligand formed stable complexes
with 68Ga with high reproducible (94 ) labeling ef ciency
under physiological conditions. High tumor uptake as
compared to contralateral tissue was observed in Positron
emission tomography (PET) acquisitions done on Animal
PET-computed tomography (PET/CT) system. Apart
from tumor, high uptake was observed in kidneys, which
in particular depicts its renal route of excretion. Similar
data was correlated in the biodistribution study of the
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compound in BALB/c mice at different time intervals.
Summary: 68Ga-labeled DT (GS) 2 can be used promising
PET radiopharmaceutical for imaging of solid tumors
and neoplastic lesions. Owing to short half-life of 68Ga
(68 mins), fast clearance and rapid renal excretion of this
drug may prove to be an excellent tumor imaging agent
for clinical applications.
O-022

From Bench to Bedside with
68
Ga-TRAP Radiopharmaceuticals:
Synthesis, Characterization, and
Clinical Application of [68Ga] TRAP
(RGD)3
-RKDQQHV1RWQL-DNXEâLPHþHN.DUROLQ3RKOH
Petr Hermann, Ambros Beer, Rickmer Braren,
Hans-Jürgen Wester
Technische Universität, München, Germany
Aim: Radiopharmaceuticals based on cyclic peptides,
containing the Arginine (R), Glycine (G), and Aspartic
acid (RGD) amino acid sequence, have been found
suitable for in vivo imaging of DvE3-integrin status. We
introduced [68Ga] TRAP (RGD) 3, a cyclo (RGDfK) trimer
based on the TRAP (triazacyclononane-phosphinate)
chelator scaffold, which allows for highly efficient
68
Ga-labeling, and successfully performed rst clinical
PET imaging with this novel radiopharmaceutical.
Materials and Methods: The chelator TRAP (1,
4,7-triazacyclononane-1, 4,7-tris[methylene
(2-carboxyethyl) phosphinic acid] was functionalized
with PEG4-linkers and c (RGDfK) units by amide
coupling, resulting in the trimeric conjugate TRAP
(RGD) 3. Determination of DvE3 integrin af nity of [natGa]
TRAP (RGD) 3 was done in a cellular displacement assay
on M21 (human melanoma with high DvE3 expression)
cells against 125I-echistatin. 68Ga-labeling was done on
a fully automated module (SCINTOMICS, Germany),
using non-puri ed eluate of a 68Ge/68Ga-generator with
SnO2-matrix (iThemba LABS, SA) which was adjusted
to pH 2 with HEPES. Preclinical in vivo characterization
of [68Ga] TRAP (RGD) 3 was done using CD-1 nude
mice with M21 xenografts. Clinical Positron emission
tomography/magnetic resonance imaging (PET/MRI)
studies were done on a Siemens mMR PET/MRI
system, allowing for simultaneous whole-body PET
and MRI acquisition. PET/MRI studies (30 min p.i.)
were performed for two patients with metastatic
pancreatic adenocarcinoma (PAC) and one patient with
hepatocellular carcinoma (HCC), who received between
120 and 150 MBq of [68Ga] TRAP (RGD) 3.
54

Results: [68Ga] TRAP (RGD) 3 could be routinely produced
in a fully GMP compliant procedure with specific
activities of up to 5000 GBq/Pmol, employing neither
eluate-purification nor -concentration. [68Ga] TRAP
(RGD) 3 showed more than seven times higher af nity to
DvE3 integrin than comparable monomeric tracers, such
as [18F] Galacto-RGD or [68Ga] NODAGA-RGD, resulting
in more than three times higher uptake (5.33 ID/g
vs. 1.35 and 1.45 ID/g, respectively) in M21 tumor
xenografts. Due to its pronounced hydrophilicity (logP
 3.9), it shows fast renal clearance. Furthermore,
[68Ga] TRAP (RGD) 3 was found to be stable in vivo, as
neither demetallation nor formation of metabolites was
observed. [68Ga] TRAP (RGD) 3 showed focal uptake in
both the primary tumor as well as in metastases of PAC
and HCC. For one of the PAC patients, a liver metastasis
could be detected which was neither visible in computed
tomography (CT) nor in a MRI including diffusion
weighted imaging performed for staging.
Summary: [68Ga] TRAP (RGD) 3 is the rst TRAP-based
radiopharmaceutical being tested in a clinical setting. Its
favorable 68Ga-labeling properties enable a reliable and
reproducible production with unprecedented speci c
activity. First clinical results suggest suitability of [68Ga]
TRAP (RGD) 3 for PET imaging of various tumors due
to DvE3-integrin-related accumulation in tumor tissue.
In conclusion, this study proves the full applicability of
TRAP based 68Ga radiopharmaceuticals for clinical PET.
O-023

LAT1 Uptake of Methionine Based
Imaging Probe labeled with
68Gallium for the visualization of
Gliomas in vivo by PET
Puja P. Hazari, Anil K. Mishra
Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences,
New Delhi, India
Aim of the Study: Speci c amino acid-based Positron
emission tomography (PET) probe labeled with 68Gallium
for detection of L-type amino acid transporters over
expressed in glioma cells was developed. Indeed,
the 11C/ 18F-based amino acid PET agents restricts
the diagnostic potential of these agents in clinical
application due to the requirement of in-house
cyclotron. A methionine based chelating system has
been synthesized, where methionine is covalently linked
with diethylene triamine pentaacetic acid (DTPA) due
to an amide linkage. This ligand was readily converted
to Gallium complex and is capable of targeting glioma
cells, detectable by PET.
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Materials and Methods: Final DTPA-conjugate was
characterized by 1H, 13C NMR (Nuclear Magnetic
Resonance), and Mass Spectroscopy, and cold Gallium
complex was characterized by MS. Drug was radiolabeled
with 68Ga in 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES) buffer pH 5.5 at 80 C for 10 mins and
puri ed using C-18 sepak cartridge and analyzed on
Radio- High-performance liquid chromatography
(HPLC). The 68Ga-labeled DTPA-bis (MET) was then
injected by an intravenous injection through tail vein in
xenografted athymic mice. Biodistribution studies were
carried out on mice bearing xenografted tumors from cell
lines of murine origin.
Results: Radio HPLC showed a radiochemical
purity more than 95 (specific activity  400-500
MBq/Pmol, labeling ef ciency 78 ). The stability of
the radioconjugate was tested in presence of human
serum at 37 C. Preliminary in vivo studies in normal
mice were performed to determine the biodistribution
of the radioimmunoconjugate up to 4 h. Kidneys showed
to have the major tracer uptake, which is consistent
with the distribution of DTPA conjugates. Pretreatment
of xenografted U-87MG athymic mice with labeled
compound following cold L-methionine administration
reduced tumor uptake by 10 folds in microPET. These
data support the speci c binding to L-type Aminoacid
Transporter 1 (LAT1) of the radiolabeled compound.
Summary: To summarize, an amino acid based 68Ga-PET
agent for imaging containing two L-methionine units
has been synthesized and evaluated for clinically useful
imaging and diagnostic applications. The agent possesses
high stability in biological environment, exhibits effective
interaction with its LAT1 transporters giving high
accumulation in tumor area, excellent tumor/non-tumor
ratio, and low nonspeci c retention in vivo.
O-024

Equilibrium, Kinetic, and Structural
Studies of Gallium (III)-Complexes
Formed with AAZTA Ligand
Zsolt Baranyai, Fulvio Uggeri,
Alessandro Maiocchi, Giovanni B. Giovenzana,
&DPLOOD&DYDOORWWL$QHWW7DNiFV
,VWYiQ%iQ\DL$WWLOD%pQ\HL(UQĘ%UFKHU
Silvio Aime, Imre Tóth
Department of Inorganic and Analytical Chemistry,
University of Debrecen, Hungary
Introduction: Radioactive isotopes of gallium are
continuously gaining interest in diagnostic nuclear
medicine. 67Ga (J, t 1/2  78 h) finds application in
Single-photon emission computed tomography (SPECT)

scintigraphy, while 66Ga (E+, t1/2  9.5 hours) and 68Ga
(E+, t1/2  67.7 min) can be used in positron emission
tomography (PET). The interest in 68Ga is rapidly
increasing due to its availability through a generator,
thus avoiding the dependence from a cyclotron. In
addition, its optimal lifetime is boosting the search for
complexes whose stability allows the safe in vivo use.
To date, complexes used for in vivo applications rely on
the well-known macrocyclic polyamino-polycarboxylic
acids, 1, 4,7-triazacyclononane triacetic acid (NOTA), and
1, 4,7, 10-tetraazacyclododecane-1, 4,7, 10-tetraacetic acid
(DOTA) because they form high stability complexes with
Ga3+ (logKGa (NOTA) 30.98, logKGa (DOTA) 26.05) and their
bifunctional derivatives are also known and available
for conjugation to speci c vectors. Nevertheless, despite
the signi cantly lower stability constant of Ga (DOTA),
the conjugation studies were nearly always performed
with DOTA derivatives, because of the availability of
the corresponding bifunctional compounds. However,
the formation rate of the Ga (NOTA) and Ga (DOTA)
complexes is very low and special procedure is required
for the complexation of the 68Ga3ion with these ligands.
By taking into account the relatively short half-life of
68
Ga, it would be advantageous to apply a ligand, which
forms a thermodynamically stable and kinetically inert
complex with Ga3+in seconds.
Aim of the Study: 6-[bis (hydroxycarbonylmethyl)
amino]-1, 4-bis (hydroxycarbonylmethyl)6-methylperhydro-1, 4-diazepine (AAZTA) is a
heptadentate ligand, easily prepared through a short and
ef cient synthesis. Recently its coordination properties
towards a wide array of metal ions were reported by
our group, showing remarkable af nities to lanthanides
and other transition metal ions. Mandatory requirement
prior to in vivo application is the assessment of the
overall stability of the Ga3+-AAZTA system. Herein
we report a detailed account on the behavior of this
system, i.e., structural characterisation performed
by multinuclear Nuclear magnetic resonance (NMR)
spectroscopy, thermodynamic, and kinetic parameters
obtained from pH-potentiometric and ultraviolet-visible
(UV-VIS)-spectrophotometric measurements.
Results: The Ga (AAZTA) complex has high
thermodynamic stability (logKGa (AAZTA)  22.18) which
has been determined by pH-potentiometry, 1H- and
71
Ga-NMR spectroscopy. Interestingly, Ga3  forms a
Ga (AAZTA) OH mixed complex of high conditional
stability constant (logbGa (AAZTA) OH  17.69, pGa  22.4)
near to physiological pH. The 1D (1H- and 13C-NMR)
and 2D (Correlation Spectroscopy (COSY), Nuclear
Overhauser Effect Spectroscopy (NOESY), Heteronuclear
Single-Quantum Correlation Spectroscopy (HSQC), and
Heteronuclear Multiple-Bond Correlation Spectroscopy
(HMBC)) NMR studies indicate that three nitrogen atoms,
two carboxylate oxygen (carboxylate pendant arms of the
exocyclic nitrogen) and an OH- ion are coordinated to the
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Ga3in the Ga (AAZTA) OH. The kinetic inertness of
the Ga (AAZTA) OH has been determined by following
its transmetalation reactions with Cu2and Ca2-ions
in the absence and presence of endogenous ligands like
citrate, phosphate, and carbonate. The decomplexation
reaction of Ga (AAZTA) OH is very slow (t/2 21 hours
at pH 7.4 and 25 C) and it takes place via spontaneous
and metal-assisted dissociation processes. Endogenous
ligands like citrate, phosphate, and carbonate have no
measurable effects on the rate of the decomplexation
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of Ga (AAZTA) OH. The rate of the ligand exchange
reactions between Ga (AAZTA) OH and transferrin is
independent of the transferrin concentration.
Summary: The high conditional stability, the very
fast formation and the suf ciently slow dissociation
of Ga (AAZTA) OH can be a good compromise for
the complexation and biological use of 67Ga and 68Ga
complexes. Based on these results, the Ga (AAZTA) OH
is expected to be a promising platform in Ga3-based
radiodiagnostics.
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Poster Presentations (Pre-Clinical)
P-01

Evaluation of 68Ga-DTPA-bis (INH)
Conjugate in Early Detection of
Infection in Animal Model Using
Animal PET System
Ankur Kaul, Puja P. Hazari, Ambika Parmar,
Anil K. Mishra
Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences,
Brig. S. K. Mazumdar Marg, Lucknow Road, Timarpur,
New Delhi – 54, India
Aim of the Study: Early diagnosis of systemic infection is
very crucial for the therapy in condition like tuberculosis
(TB) especially in immuno-compromised patients.
Radiopharmaceuticals, in past have played important
role in early detection of the disease. The current study
was designed for preclinical evaluation of a Positron
emission tomography (PET)-based radiopharmaceutical
developed by the conjugation of bifunctional chelating
group diethylene triamine pentaacetic acid (DTPA) with
anti-mycobacterial drug isoniazid.
Materials and Method: The conjugation of DTPA
bis (isoniazid) was carried out and the synthesized
conjugate was characterized by Nuclear magnetic
resonance (NMR) and Mass spectroscopy. The
DTPA-bis (INH) conjugate was labeled with radioisotope
68
Ga at pH 5 in sodium acetate buffer and the reaction
A mixture was done at 90 0 C for 25 mins. The
radiolabeled conjugate was separated from the free
gallium by passing through Sep-Pak C 18 cartridge.
The radiochemical purity of the radiocomplex was
assessed and the stability of the complex was observed
up to 8 h post-labeling. Mycobacterium smegmatis
was used to develop the animal model for the
mycobacterial infection in mice. The microorganisms
were injected intramuscularly in right thigh and the
radiopharmaceutical was injected 48 h after inoculation.
The PET imaging was performed at 1 h and 4 h using
Animal Positron emission tomography - computed
tomography (PET/CT) system after the injection of
68
Ga labeled radioconjugate and comparative study
was done using 68Ga-citrate.
Result: The radiolabeling process showed labeling
yield ranged from 60–75% and radiochemical purity
was!95% post puri cation and in vitro stability study
showed that the radioconjugate formed stable complex
with radioisotope 68Ga. The scintigraphic scan at 4 h p.i.
showed greater uptake of 68Ga labeled DTPA-INH in

target region as compared to the 68Ga-citrate in another
animal model.
Summary: The ease of 68Ga radioisotope preparation
and an added advantage of higher resolution of PET
imaging make 68Ga-labeled DTPA-INH conjugate highly
desirable for further studies in PET imaging of infection
in comparison to the non-speci c Ga-68 citrate.
P-02

Biodistribution of a 68Ga-DOTA-USPIO
in Normal BALB/c mice
Saeed Shanehsazzadeh, Afsaneh Lahooti Mohammad
Ali Oghabian, Barry J. Allen1
Department of Biomedical Physics and Engineering, School
of Medicine, Tehran University of Medical Sciences,
Tehran, Iran, 1Experimental Radiation Oncology Cancer
Pathology and Cell Biology Laboratory Ingham Institute of
Applied Medical Research Discipline of Pathology School
of Medicine University of Western Sydney NSW Australia
Aim of the Study: Recently ultra small super
paramagnetic iron oxide (USPIO) nanoparticles (NPs)
have been widely used for medical applications. One of
their important applications is using these particles as
MRI contrast agent. While various research works have
been done about magnetic resonance imaging (MRI)
application of USPIOs, there is limited research about
their uptakes in various organs. The aim of this study
was to evaluate the biodistribution of dextran-coated
iron oxide NPs labeled with 68Ga in various organs via
intravenous injection in BALB/c mice.
Materials and Methods: 68 Ga-DOTA-USPIO was
synthesized by reacting 1, 4, 7, 10-tetraazacyclododecane1, 4, 7, 10-tetraacetic acid (DOTA)-USPIO with 68Ga
in ammonium acetate buffer (pH ~ 5.5) for 20 min
at room temperature. The radiochemical purity
was ~ 94% as determined with high-performance liquid
chromatography. The maximum speci c activity was
11.2 MBq/nmol (0.45 mCi/nmol). 68Ga-DOTA-USPIO
was stable in phosphate-buffered saline and human
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serum for 3 h at 37 C. Fifty mice were sacri ced at 10
different time points (From 1 minute to 6 hours post
injections; ve mice at each time). The percentage of
injected dose per gram of each organ was measured
by direct counting for 19 harvested organs of the mice.
Results: The biodistribution of 68Ga-DOTA-USPIO
in BALB/c mice showed dramatic uptake in
reticuloendothelial system. Accordingly, about 65% of
injected dose was found in spleen and liver at 15 minutes
post injection. More than 34% of the NPs remain in liver
after 6 hours post-injection and their clearance is so fast
in other organs [Figure 1].
Conclusions: Due to magni cent uptakes of USPIOs
nanoparticles in liver and spleen and their fast clearance
from other tissues, these results suggest that these labeled
nanoparticles could be suitable to be used as dual modal
agent for spleen and liver malignancies.
P-03

Synthesis of Bis Macrocyclic Chelate
(68Ga-DO3P-AME-DO3P): Preclinical
Evalution as PET Agent for Diagnosis
of Skeletal Metastases
K. Ganesh Kadiyala, Anupama Datta,
Anupriya Adhikari, Kanchan Chauhan,
Krishna Chuttani, M. Thirumal, A. K. Mishra
Institute of Nuclear Medicine and Allied Sciences,
New Delhi, India
Aim: In the field of molecular imaging, positron
emission tomography (PET) has very important
role for probing biochemical processes. The current
work has been directed towards the development of
imaging agent with better bone seeking ef ciency, bis
macrocyclic phophonate ligand, DO3P-AME-DO3P.
Our objective here is synthesis of a new ligand,
10’-bis (acetamido)-ethane-bis[1, 4, 7-tri (methylene
phosphonic acid)- 1, 4, 7, 10-tetraazacyclo-dodecane],
DO3P-AME-DO3P and investigating its bone binding
ef ciency after labeling with 68-Ga.
Materials and Methods: This work describes the potential of
68
Ga DO3P-AME-DO3P as a bone-seeking pharmaceutical
and evaluation of its deposit pattern in osseous
tissues after synthesizing and radiolabeling of 10’-bis
(acetamido)-ethane-bis[1, 4, 7-tri (methylene phosphonic
acid)-1, 4, 7, 10- tetraazacyclo -dodecane], DO3P-AME-DO3P
with 68-Ga. 1, 4, 7, 10-Tetraazacyclododecane
was converted to tris (t-butyl) ester of 1, 4, 7-tris
(carboxymethyl-1.4, 7, 10-teraazacyclododecane. The
fourth unsubstituted arm was bound with 2-chloro-N[2(2-chloro-acetylamino)-ethyl]-acetamide to give the
compound, 10’-bis (acetamido)-ethane-bis[1, 4, 7-tri
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(carbobutoxymethane)]-1, 4, 7, 10-tetraazacyclo- dodecane].
In next step, cleavage of tertiary butoxy groups to
carboxylic group give the compound 10’-bis
(acetamido)-ethane-bis[1, 4, 7-tri (carboxymethane)-1,
4, 7, 10-tetraazacyclo-dodecane], DO3A-AME-DO3A.
In the final step, conversion of carboxylic acid
groups to phosphonic acid gives the compound
10’-bis (acetamido)-ethane-bis[1, 4, 7-tri (methylene
phosphonic acid)-1, 4, 7, 10- tetraazacyclo-dodecane],
DO3P-AME-DO3P. Finally, the compound is radiolabeled
with 68Ga for scintigraphic studies.
Results: DO3P-AME-DO3P was synthesized and
characterized by Nuclear Magnetic Resonance (NMR)
and Mass spectroscopy. Preliminary investigation
suggests, radiolabeling ef ciency with 68Ga to be!80%
and binding of 68Ga-DO3P-AME-DO3P to serum proteins
at different time interval was evaluated. Biodistribution
studies of 68Ga-DO3P-AME-DO3P were examined in
BALB/c mice at different intervals of time 3omin and
24 hrs.
Conclusions: Preliminary studies suggest the
development of 68Ga-DO3P-AME-DO3P with high
stability exhibiting good bone uptake 1hr p.i.
P-04

PET Imaging of Ga-68 Labeled
Dual-Targeted Domain Antibody™
Therapeutics in a Cancer Model
Alex G. Papple, J. K. Sosabowski,
E. DeAngelis, S. J. Mather
Barts Cancer Institute, Queen Mary University of London
Aim: A dual targeted biopharmaceutical comprising a
receptor-targeting moiety, which delivers an attached
therapeutic agent to its receptor present on the same
tissue, could provide highly specific treatments.
The ef cacy of such a molecule will depend on the
intrinsic affinity of the partners to their respective
target. This approach has been exempli ed here using
an anti-asialoglycoprotein receptor (ASGPR) targeted
domain antibody™ (dAb) fused to interferon (IFN) – an
IFN-dAb fusion protein – and aims to understand
the effect of relative binding affinities on overall
tissue speci city and therapeutic potency utilizing a
hepatocellularcarcinoma in vivo model in conjunction
with Positron emission tomography - computed
tomography (PET-CT) imaging.
Materials and Methods: Site-directed mutagenesis and
splice overlap extension polymerase chain reaction
(PCR) were used to create a panel of interferon
(IFN)-dAbs containing specific mutations in the
respective IFN and dAb sequences, altering binding
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af nity to ASGPR or IFNR or both. IFN-dAb fusions
were characterised in vitro by Biacore, HEK-Blue, and
Flow Cytometric analyses. Proteins were conjugated
with 1, 4, 7-triazacyclononane triacetic acid (NOTA)
(as con rmed by mass spectrometry (MS)), puri ed
using GE Protein A, and labeled with Ga-68 from an
Eckert and Ziegler IGG100 Generator at RT for 10 mins.
HepG2 xenograft targeting was analysed by ex vivo
Compugamma scintillation counting and in vivo Siemens
Inveon PET-CT.
Results: The 15 IFN-dAb fusion proteins containing
site-speci c mutations were con rmed by deoxyribonucleic
acid (DNA) sequencing. The IFN-dAb fusions were
expressed at between 14.3 mg/L to 20.5 mg/L.
Purity of sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) was ! 95%. PNGaseF
deglycosidase and site directed mutation showed
IFN-dAbs exist predominantly as glycosylated species.
The biophysical assays demonstrated that each IFN-dAb
fusion has a unique binding profile for ASGPR and
IFNR in vitro, with for instance EC50 for IFNR ranging
from 4.23pM to 788pM. MS showed IFN-dAb fusions
were conjugated with NOTA at an abundance of 65%.
Ga-68 labeling was achieved up to 70 MBq/nmol. Initial
biodistribution showed a moderate tumour targeting
capacity at 1 h post-ID, as con rmed by PET-CT, versus
Ga-68 labeled non-targeting control IFN-dAbs.
Conclusions: Fifteen IFN-dAb mutants with differing
receptor binding profiles have been successfully
produced and characterized. IFN-dAb-NOTA conjugates
have been ef ciently Ga-68 labeled, and HCC model
tumors targeted in vivo. Work continues to image and
characterize all IFN-dAb binding af nity combination
mutants.
P-05

ef cient treatment. Therefore, convenient agents to apply
for immuno-PET are needed. In the present study, we
aim to investigate cysteine based diethylene triamine
pentaacetic acid (DTPA) NCS bifunctional chelating
agent (CysDTPA)-conjugated cetuximab to apply for
68
Ga-based immuno-PET of colorectal cancer.
Materials and Methods: 68Ga was eluated from 68Ge/68Ga
generator (ITG, Germany) and concentrated by sodium
chloride as described by Mueller et al. The cetuximab
was conjugated with CysDTPA and evaluated for its
binding af nity on LoVo colorectal adenocarcinoma
cells. The CysDTPA-conjugated cetuximab were
labeled with 68Ga, and evaluated with Positron emission
tomography - computed tomography (PET-CT) imaging
on LoVo bearing mice.
Results: 68Ga-labeled CysDTPA conjugated cetuximab
were prepared with a high radiolabeling yield (!98%)
in 2.5 min at room temperature. Although the binding
af nity of the CysDTPA conjugated cetuximab on LoVo
colorectal cells was 0.11 fold lower than cetuximab,
a small amount of 68Ga-labeled CysDTPA clearly
visualized LoVo colorectal tumor in microPET.
Summary: Our study suggests that CysDTPA is a
useful chelating agent for labeling antibody with 68Ga,
and 68Ga-CysDTPA-cetuximab is promising as a form
of immuno-PET imaging of epidermal growth factor
receptor (EGFR) expressing colorectal cancer.
P-06

Radioimmuno Imaging of a
68
Ga-DOTA-MSH Derivative Analogue
for Melanocortin-1 Receptor Positive
Tumor Targeting

68Ga-labeled Cetuximab Using
Cysteine-based DTPA NCS for
Immuno-PET Imaging of Colorectal
Cancer

Joh Eun-Ha, Lim Jae Cheong, Hong Young Don, Kim
Jin Ju, Choi Sang Mu, Baek Hye Suk, Choi Sun-Ju

Jae Cheong Lim, Eun Ha Joh,
Young Don Hong, Geun Ae Shim,
Sang Eun Son, Sang Mu Choi, Sun-Ju Choi

Aim: In this study, a D-melanocyte-stimulating hormone
(D-MSH) analogue 1, 4, 7, 10-tetraazacyclododecane-1,
4, 7, 10-tetraacetic acid (DOTA) coupled [Gly3-cyclized
(Dap4, D-Phe7, Asp10)-Arg11]D-MSH3-13 (DOTA-GMSH)
for melanocortin-1 receptor (MC-1R) targeting was
radiolabled with 68Ga, and diagnosed using in vivo
imaging instrument.
Materils and Methods: The DOTA-GMSH was
synthesized by applying a standard Fmoc
( uorenylmethyloxycarbonyl) strategy. 68Ga solution
diluted in an acetate buffer was injected into DOTA-GMSH
solution vial, and heated. Ef cacy of 68Ga-DOTA-GMSH

Korea Atomic Energy Research Institute (KAERI),
Radioisotope research division, Department of research
reactor utilization, Korea Atomic Energy Research Institute,
Daejeon, Republic of Korea
Aim: Immuno-PET (Positron emission tomography)
is a powerful diagnostic tool, which can provide
image-guided therapy that may discontinue ineffective
treatment in an earlier phase and switch to a more

Korea Atomic Energy Research Institute (KAERI),
Radioisotope research division, Department of research
reactor utilization, Korea Atomic Energy Research Institute
(KAERI), Daejeon, Republic of Korea
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was investigated in vivo and in vitro. Stability and cell
binding were evaluated in vitro. In addition, PET-CT
imaging of 68Ga-DOTA-GMSH in cancer bearing mice
were evaluated in vivo.
Results: 68Ga- labeled peptides were prepared with a
high radiolabeling yield (!98%). No degradation was
observed not only by serum incubation at 37°C for
7 days. A cell-binding assay revealed that IC50 of the
peptide was 3.80 nM. PET-CT images clearly con rmed
the accumulation of the radiolabeled DOTA-GMSH in
tumor of B16-F10 melanoma cells bearing mice.
Summary: We, therefore, conclude that 68Ga-DOTAGMSH has promising characteristics for application in
nuclear medicine, namely for the diagnosis of MC-1R
over-expressing tumors.
P-07

Facile DOTA-Conjugation and
Radiolabeling of Cysteine-Knot
Peptides with Ga-68 and Lu-177 as a
Promising Theranostic Tool
Benedikt Sandhöfer, Hans-Ulrich Schmoldt,
Matin Daneschdar, Tobias Ross, Ugur Sahin,
Frank Rösch
Institute of Nuclear Chemistry, Johannes
Gutenberg-University Mainz, Germany
Aim of the Study: The aim of this work is the
establishment of a facile radiolabeling of cysteine-knot
model peptides with gallium-68 and lutetium-177. The
model 2.5D, recombinantly produced in Escherichia coli
is an integrin DQE3 binder and has a cysteine-knot-like
structure including three specific disulfide bridges
(R. H. Kimura et al., Cancer Res 2009;69:2435-42). This
backbone guarantees a high stability of the compound
and its structure for in vitro and in vivo applications
and furthermore, allows radiolabeling at increased
temperatures. In comparison to antibody fragments
or af bodies, cysteine-knot peptides exhibit similarly
excellent target selectivity and binding af nities, but
additionally having the described high stability and
very favorable and fast pharmacokinetics. In this work,
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we develop and optimize this very promising approach
of 68Ga- and 177Lu-labeling of cysteine-knot peptides
using the integrin DQE3 binder 2.5D The procedure and
the method are of high interest to be adapted to further
promising, tumor speci c candidates of this substance
class.
Materials and Methods: The figure shows the
N-terminal conjugation of 2.5D with different
used chelating agents deriving from two reactive
derivatives of 1, 4, 7, 10-tetraazacyclododecane-1, 4,
7, 10-tetraacetic acid (DOTA). The rst one (1), based
on thiourea formation from the corresponding phenyl
isothiocyanate, gives the advantage of a UV-based
determination of the conjugation yield compared
to DOTA-NHS or NODAGA-NHS. The second one
(3) uses a two-step conjugation to allow a clear-cut
separation of the intermediate protected compound
(2) via High-performance liquid chromatography
(HPLC). Both derivatives are prepared in basic
aqueous solutions and additives of acetonitrile.
Analytics are done on an Electrospray ionization
(ESI) mass spectrometer showing the right masses
in a singular peak. The radiolabeling itself is
performed using gallium-68 (cation exchange post
processing) and lutetium-177 by varying amounts of
precursor, temperatures and pH ranges to nd optimal
labeling conditions. Two different radio Thin Layer
Chromatography (TLC) Methods (A: 0.25M citrate
buffer, pH 4; B: 0, 25M citrate buffer20% Acetonitrile)
and two different radio HPLC methods (A: LUNA C18,
Phenomenex; B: Chromolith C18, Merck) are available
to have a stability control and a fast determination
of labeling yields within 3 min. The puri cation of
the radiolabeled compounds was facilitated by solid
phase extraction (Maxi Clean C18 SPE, Grace Materials
Technologies). After elution with pure ethanol and
removing of the solvent, the product, formulated in
saline, is ready for biological applications in cell and
animal studies.
Results and Summary: We were able to develop
successful N-terminal conjugations of two different
derivatives of the chelating agent DOTA to the DQE3
binder 2.5D. As a major problem, the separation of the
product from non-conjugated peptide was solved by a
two-step synthesis using a protected DOTA derivative
and performing the deprotection after purification
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via preparative Reversed Phase (RP)-HPLC. The nal
products have excellent radiolabeling properties.
5-20nmol of the conjugated peptides, 30-200 MBq of
Gallium-68 in pH ranges of 2-4 lead to yields between
90% and 99% in less than 8 min. The puri cation was
done with a recovery of ca. 90%. In parallel, a fully
solid phase based synthesis of the peptides allow
a site specific conjugation and radiolabeling of the
compounds, which further broaden the applicability
to systems including lysine moieties in their binding
sequence. After successful radiolabeling with gallium-68
(T½ 67.7 min) and preliminary data of lutetium-177
(6.6 d) radiolabeling, we further plan to establish the
radiolabeling with scandium-44 (3.9 h), niob-90 (14.6 h)
and fluorine-18 (109.7 min) to have other potential
imaging agents and allow studies with slower in vivo
pharmacokinetics.
P-08

Indigenous Development of a
Single Vial Kit Preparation of
99m
Tc-Doxorubicin and its Preclinical
Evaluation for Tumor Imaging
Pardeep Kumar1, Baljinder Singh1,
Shalini Chopra1, Sarika1, Krishna Chuttani2,
Anil Mishra2, Bhagwant Mittal1
1

Department of Nuclear Medicine and PET, Postgraduate
Institute of Medical Education and Research, Chandigarh,
2
Division of cyclotron and radiopharmaceutical sciences,
Institute of Nuclear Medicine and Allied Sciences, Delhi, India
Aim: To prepare and characterize a single vial kit
preparation of doxorubicin for radiolabeling with 99mTc
for tumor imaging.
Materials and Methods: A sterile vial contained
doxorubicin solution (2 mg in 1 ml of sterile water)
and 50 Pl of stannous chloride solution (2 mg/ml of
10% acetic acid). pH was adjusted to 5.5 by using 0.1
N NaOH. The constituents of kit were freeze dried
for 24 h. The kits were characterized by 1H-NMR
(Nuclear Magnetic Resonance), Ultraviolet-Visible
(UV/Vis)-spectrophotometric analysis, and instant thin
layer chromatography and sterility test. Single vial kit
of doxorubicin was reconstituted with 99mTc at room
temperature and incubated for 15 min. The radiolabeling
ef ciency and serum stability was analyzed by Instant
Thin Layer Chromatography (ITLC) method. About 15.0
MBq of 99mTc-doxorubcin was injected intravenously (tail
vein) in BALB/c mice (4-6 weeks, 20-30 g, n 12) and
organ biodistribution was studied at 1, 4, and 24 h. brie y,
7.5 MBq of 99mTc-doxorubicin was injected intravenously

(tail vein) in BALB/c (Ehrlich’s ascites Tumor, EAT)
Tumor mice and (ear vein) normal New Zealand rabbits
(male, 5-6 kg). Static isotime (5-minute) imaging was
performed on gamma camera at different time intervals
of 1 h and 4 h.
Results: The 1H-NMR and UV/Vis Spectrophotometry
showed no change in chemical structure and integrity
of doxorubicin in the lyophilized formulation. ITLC
of pure doxorubicin salt and lyophilized doxorubicin
showed same retention factor (Rf  0.0-0.1). The kits
showed good labeling ef ciency (97.34 r 0.67%) and
sterile cultures con rmed the sterility of the kits. The
radiopharmaceutical was stable in the human serum
up to 24 h. The biodistribution studies indicated
that maximum uptake of the radiotracer was seen in
kidneys (3.1%) at 1 h followed by spleen (1.3%) and
liver (0.8%). A semi-quantitative analysis on the static
(anterior images) of tumor bearing mice showed
increase in lesion to background ratio from 2.5 to 3.5 at
4 h. The scintigraphic images of normal rabbit showed
clearance of the activity from circulation at 1h and uptake
increases in the liver due to metabolic degradation of the
doxorubicin in the liver. Activity was excreted mainly
through renal system.
Summary: A single vial kit of doxorubicin as a ready
to label preparation with 99mTc can be developed
easily with reasonable radiolabeling efficiency and
stability. Scintigraphic data showed specificity of
the 99mTc-doxorubicin for the tumor imaging. This
scintigraphic approach, therefore, could be a powerful
tool for the primary cancer screening in precancerous
and early cancerous stage, as opposed to the existing
scintigraphic and radiological modalities, which are
mainly focused towards the detection and screening of
secondaries and not the primaries.
P-09

Preclinical Evaluation of 99mTc
/DEHOHG*HÀWLQLEDVD7XPRU,PDJLQJ
Shalini Chopra1, Baljinder Singh1,
Pardeep Kumar1, Sarika1, Deepshikha Singh2,
Krishna Chuttani2, Anil Mishra2,
Bhagwant Mittal1
1

Department of Nuclear Medicine and PET, Postgraduate
Institute of Medical Education and Research, Chandigarh,
2
Division of cyclotron and radiopharmaceutical sciences,
Institute of Nuclear Medicine and Allied Sciences, Delhi,
India
Aim: To radiolabel the ge tinib with 99mTc by stannous
method and evaluation of its utilization in tumor
imaging.
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Materials and Methods: A pure salt solution of ge tinib
(1 mg) in 1 ml in 50% DMSO, followed by addition of a
standardized concentration of 50.0 Pl stannous chloride
dihydrate (1 mg in 1 ml of 10% acetic acid) and pH was
adjusted to 5.5. About 10.0 MBq of 99mTc was added to
the solution and incubated for 15 minutes. 99mTc-ge tinib
was then subjected to various quality control tests like
labeling ef ciency, stability, animal biodistribution etc.,
Blood clearance was studied in adult male New Zealand
rabbit (5-6 kg) after intravenous (i.v.) injection of 15.0
MBq of 99mTc-ge tinib. Brie y, 7.5 MBq of 99mTc-ge tinib
was injected intravenously (tail vein) in BALB/c
tumor (Ehrlich’s ascites cell induced) mice and isotime
(5-minute) images were acquired at the different time
intervals of 1 h and 4h on gamma camera.
Results: The radio complex showed labeling ef ciency
greater than 95% and remained stable (!80%) for up
to 24 h. The plasma protein binding and lipophilicity
were found to be (91.46 r 1.86%) and (29.82 r 2.56%)
respectively. Animal (organs) biodistribution studies
showed maximum uptake (0.92% ID/g) of the radio-tracer
in the liver in the rst hour, which subsequently declined
to 0.21%ID/g at 24 hrs. Intestinal activity was observed
to be rising with time indicating the hepatobiliary route
as the main excretory route. The time activity curve
reflected the gradual accumulation of radioactivity
into the tumor (right leg) site and a decline in the
contra-lateral muscle (left leg). The radioactivity ratio of
tumor/muscle at 1h was 2.3r0.2 (n 3) which remains
consistent at 4 h.
Summary: 99mTc-ge tinib can be a potential Single-photon
emission computed tomography (SPECT) agent for
imaging of tumors bearing epidermal growth factor
receptor (EGFR) and to study the tissue pharmacokinetics
to identify the responders and non-responders to such
therapy at an early stage.

Poster Presentations (Clinical)
P-10

Response Evaluation in Non-Small
Cell Lung Carcinoma of EGFR
Inhibitor Therapy by 18F-FLT and
18F-FDG PET/CT - A Comparative
Study
Amit Bhoil, Baljinder Singh,
Raghava Kashyap, Ankit Watts,
Navneet Singh, Bhagwant Rai Mittal
Post Graduate Institute of Medical Education and Research,
Chandigarh
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Aim of the Study: To evaluate the comparative
diagnostic ef cacy of 18F-FLT ( uoroethyl-l-tyrosine)
and uorine-18 uorodeoxyglucose positron emission
tomography/computed tomography (18F-FDG PET/CT)
in prediction of early response in Non-Small Cell Lung
Carcinoma (NSCLC) patients following Epidermal
growth factor receptor (EGFR) inhibitor therapy (geftinib
or erlotinib).
Materials and Methods: Nineteen patients of NSCLC
with stage IIIb and IV indicated for EGFR treatment as 1st
or 2nd/3rd line therapy were enrolled in the study. Baseline
and follow up scans of 18F-FDG and 18F-FLT-PET scans
were performed in 15 of the 19 patients prior to starting
of EGFR inhibitor therapy and at 3 weeks of treatment.
The SULmax and TLG (total lesion glycolysis) values were
calculated using the quantitative PET data analysis. The
Overall survival (OS) and Progression free survival
(PFS) was calculated by using the statistical analysis on
the PET quantitative data. The patients were classi ed
as responders vs. non-responders and as having
progressive or non-progressive disease. The 18F-FLT
cut off values to de ne responders was calculated by
the use of the Receiver-operating characteristic (ROC)
methodology on 18F-FDG responder patients.
Result: In non progressive disease 18F-FDG SULmax
(P  0.006 and 0.053) compared to 18F-FLT SULmax
(p 0.07 and 0.2) was better predictor of OS and PFS. The
18F FDG-SULmax was also a better predictor (P 0.006) of
OS as compared to the TLG (P 0.013) in non-progressive
disease. No statistical signi cance was seen in OS and
PFS when patients were grouped as responders and
non-responders based on 18F-FDG and 18F-FLT-PET
ndings. The Receiver-operating characteristic (ROC)
methodology carried out on 18F-FDG-PET imaging
data indicated a decrease oft22% (100% sensitivity and
speci city) in SULmax and oft0.7 (100% sensitivity and
87% speci city) in absolute value for responder in the
18F FLT PET study.
Summary: Although 18F-FLT-PET may be used for
response evaluation. However, both OS and PFS are
better predicted by 18F-FDG SULmax in progressive as
well as non-progressive NSCLC.
P-11

[18F] FDOPA: A Superior PET-Tracer
for the Accurate Diagnosis of
Neuroendocrine Tumors and a
Possible Alternative to 68Ga-PET
Tracers
Raman Chirakal, Piet Jager,
Valerie Yakumchuk, Karen Gulenchyn
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Department of Radiology, McMaster University, 1200 Main
St. West Hamilton, Ontario, Canada L8N 3Z5
Our group, at McMaster University, was the first
to introduce fluorine-18 labeled 6-Fluoro-3,
4-dihydroxyphenyl-L-alanine ([18F] 6-FDOPA) as tracer
to assess the presynaptic dopaminergic function in the
human brain using Positron Emission Tomography (PET).
The use of [18F] 6-FDOPA provides unique opportunities to
examine changes in cerebral dopamine neurotransmission
and the efficacy of embryonic cell implantation in
Parkinsonian patients. In recent years, there has been a
renewed interest in the use of [18F] 6-FDOPA because of
its emergence as superior tracer for imaging a variety of
neuroendocrine tumors and brain gliomas. The aim of the
study was to assess the diagnostic accuracy of FDOPA-PET
for neuroendocrine tumors. We studied twenty-three
patients with either a documented neuroendocrine
tumor (n  18) or a suspicion for such tumor based on
clinical, imaging, and biochemical data (n  5). Results
from the [18F] 6-FDOPA-PET/CT were positive in all
18 patients with documented disease. Regional sensitivity
and speci city (94%) for PET were considerably higher
compared to other imaging modalities [CT, CT  SRS
(stereotactic radiosurgery)]. In 6/23 patients, results
from [18F] 6-FDOPA-PET imaging impacted directly on
clinical management. Our results agree with previously
published studies showing that FDOPA might be a better
alternative to 68Ga-PET tracers for the accurate diagnosis
of carcinoids. This paper will review the basic aspects of the
synthesis of [18F] 6-FDOPA and the factors involved in its
uptake, metabolism, and imaging. The synthesis of isomers
and enantiomers of [18F] FDOPA and their feasibility for
melanoma imaging will also be presented.
P-12

F-FDG Labeled Stem Cells
Localization in Type 2 Diabetes
0HOOLWXVE\3(7&7IRU'HÀQLQJ
Adequate Administration Routes
18

Vikas Sood, Bhagwant R. Mittal,
Baljinder Singh, Anil Bhansali,
Niranjan Khandelwal, Neelam Marwaha
Post Graduate Institute of Medical Education and Research,
Chandigarh, India
Aim of the Study: Carry out in vivo stem cell tracking
with positron emission tomography (PET) tracer
fluorine-18 fluorodeoxyglucose (F18-FDG) and find
adequate administration methods for these cells, as the
therapeutic outcome in diabetic patients will profoundly
depend on delivery of stem cells to pancreas.

Materials and Methods: Bone marrow aspirate was
taken from the iliac crest of patients. Bone marrow
mononuclear cells were separated and puri ed using
centrifugation. These cells were then labeled with PET
tracer F18-FDG. The labeled stem cells were given in
21 patients comprising three groups of seven patients
each. Cells were infused in peripheral intravenous route,
into the superior pancreatic duodenal artery and the
splenic artery. Biodistribution and quanti cation studies
were carried out at 30 minutes and 90 minutes of stem
cell infusion.
Results: Our results showed that targeted approach
resulted in homing and retention of stem cells in
pancreas as compared to the intravenous route where no
discernible homing of stem cells was there. Outside the
pancreas, liver, and spleen showed intense FDG-labeled
stem cell accumulation. In the intravenous group, base of
the lungs showed retention in the initial biodistribution
study at 30 minutes with clearance in the delayed
90-minute image, this was due to the pulmonary rst
pass effect.
Summary: There are two main arteries supplying the
pancreas – the superior pancreatic duodenal artery and the
splenic artery, supplying the exocrine and the endocrine
pancreas respectively. Theoretically, splenic artery should
be a better choice to infuse stem cells in diabetic patients as
branches of this artery supply the body and tail part, which
have the maximum density of insulin producing beta
cells. However, in our experience because of the forward
ow of blood in splenic artery the majority of the labeled
cells lodge into the spleen. On the other hand, capillaries
of the superior pancreatic duodenal artery are in direct
communication with capillaries of the dorsal pancreatic
artery, which in turn arises from the proximal most part
of splenic artery and supply the endocrine pancreas.
Hence, the best homing of stem cells is seen when cells are
infused in the superior pancreatic duodenal artery, and
this route should offer therapeutic advantages because of
the above-mentioned reasons.
P-13

Evaluation of Patients with
Neuroendocrine Metastatic
Carcinoma of Unknown Primary by
Means of Ga-68 DOTATATE PET-CT
Omar Alonso, Monica Rodriguez,
Liliana Servente, Adriana Quagliata,
Veronica Gigirey, Richard Castro,
Margarita Garcia Fontes, Graciela Lago,
Bolivar Escudero, Javier Gaudiano,
Henry Engler
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Centro Uruguayo de Imagenología Molecular (CUDIM),
Ricaldoni 2010, Montevideo 11600, Uruguay
Aim of the Study: There is little evidence regarding the
role of Ga-68 DOTATATE PET-CT for the identi cation
of primary tumors in patients with neuroendocrine
carcinoma of unknown origin. Thus, the objective of
this study was to assess the value of this technique in
the mentioned clinical scenario.
Materials and Methods: We studied twenty-nine patients
(median age: 59 years; male: 12) with pathologically
proven differentiated neuroendocrine metastases. In all
cases, conventional imaging was negative for primary
tumor identification. Ga-68 DOTATATE Positron
emission tomography-computed tomography (PET-CT)
was performed with a dose of 1.47 MBq/kg, using a
64-slice PET-CT with time-of- ight correction. A team
of an experienced radiologist and a nuclear medicine
physician evaluated images. The maximum standardized
uptake value (SUVmax) was measured in all abnormal
foci. Histopathology (when available) and/or clinical
follow up with correlative imaging were considered as
reference standard.
Results: Ga-68 DOTATATE PET-CT identi ed the primary
tumor in 14/29 (45%) patients in the following locations:
Pancreas (n 7), ileum (n 5), colon (n 1) and stomach
(n  1). In this population a signi cant correlation was
found between SUVmax of primary tumor and metastases
(r  0.756, P  0.0002). Furthermore, additional sites
of unsuspected metastases were demonstrated in this
group and in six patients in whom no primary tumor
was localized, mainly in lymph nodes and mesentery.
Pathology confirmation was obtained in six patients
who underwent surgery, whereas in the remaining eight
patients, correlative imaging and follow-up con rmed
primary tumor localization. Referring physicians from
patients with positive PET ndings (n 20) considered the
study as clinically relevant with impact in therapy planning.
Summary: Ga-68 DOTATATE PET-CT is a clinically useful
imaging technique for the localization of primary tumors
in patients with neuroendocrine metastatic carcinoma of
unknown origin with the potential of having a signi cant
impact in patient management and therapy planning.
P-14

Comparison of Ga-68 DOTATATE and
C-11 CHOLINE Uptake in Patients
with Castration Resistant Prostate
Cancer
Omar Alonso, Gerardo Dos Santos,
Richard Castro, Eduardo Savio,
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Andrea Paolino, Adriana Quagliata,
Henia Balter, Victoria Trindade,
Javier Giglio, Juan P. Gambini,
Henry Engler
Centro Uruguayo de Imagenología Molecular, Ricaldoni
2010, Montevideo 11600, Uruguay
Aim of the Study: In the framework of an ongoing
trial aiming to assess the value of Ga-68-DOTATATE
(PET-CT) Positron emission tomography-computed
tomography (GALPET) in patients with prostate
cancer, the objective of this study was to perform an
intra-individual comparison of this technique with C-11
CHOLINE PET-CT (CHOLPET) in a sample of prostate
cancer patients.
Materials and Methods: We studied 24 patients with
prostate cancer during follow-up and after initial disease
treatment. Five with known bone metastases con rmed
by a previous bone scan (Prostate-speci c antigen (PSA):
14-480 ng/mL) and 19 with biochemical recurrence after
treatment (PSA: 0.7-97 ng/mL). Within 1-2 weeks, a PET-CT
study was performed with Ga-68-DOTATATE and C-11
Choline with a dose of 110 MBq and 420 MBq, respectively,
using a 64-slice PET-CT with time-of- ight correction.
The maximum standardized uptake value (SUVmax) was
measured in all abnormal foci (positive study). All patients
were on antiandrogen therapy. At this stage of the trial
pathological or follow-up con rmation of PET results
was not available for all patients and therefore, was not
considered.
Results: In patients with biochemical recurrence both
techniques were negative in seven patients, both
positive in seven patients and only positive by means
of GALPET in five patients. Although with some
discordant results both techniques were positive in
the population with known bone metastases. In the
whole population, GALPET and COLPET identi ed
204 and 208 abnormal bone foci, respectively. Besides
46 abnormal lymph node foci were detected with both
studies but with discordant results in four patients.
CHOLPET SUV max where higher than those from
GALPET (6.1 r 3.4 vs. 3.8 r 1.9, n  268, P  0.0001).
However, a signi cant correlation was found among
both tracers’ SUVmax (r  0.40, n  268, P  0.0001).
Furthermore, GALPET SUVmax was higher in lymph
nodes foci compared with those from bone (3.6r1.8 vs.
4.9r2.5, respectively, P 0.0002).
Summary: In advanced prostate cancer patients,
Ga-68-DOTATATE uptake seemed to correlate with
C-11 Choline uptake. More studies are needed to test
for the possible complementary clinical value of these
techniques and for the GALPET potential of somatostatin
receptor-mediated therapy planning.
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Skin Manifestations Associated with
Neuroendocrine Tumors
Jolanta Kunikowska, Agnieszka Giderewicz-Baran1,
Leszek Królicki, Anna Zemczak2,
Janusz Strzelczyk2, Renata Matyskiel, Piotr Pawliszak
Department of Nuclear Medicine, Medical University of
Warsaw, Poland, 1Private Dermatology Practice, Warsaw,
Poland, 2Division of Endocrinology, Department of
Pathophysiology and Endocrinology, Silesian Medical
University, Katowice, Poland
Carcinoid syndrome is a group of symptoms associated
with neuroendocrine tumors (NET). The main cutaneous
feature of it is ushing, which is caused by transient dilation
of blood vessels. Other could be teleangiectasia, reddish
spots or veins that appear most often on the face, chest
or arms. Skin signs were the initial presentation in many
patients. The aim of the study was to asses frequency of
cutaneous signs of disease in patients with NET diagnosed.
Materials and Methods: Seventy patients with NET (31
men, 39 women, 19-81 years aged) were included in the
study prospectively. Clinical examination (including
dermatological with photo documentation) has been done.
Positron emission tomography-computed tomography
(PET-CT) on scanner Biograph 64 TruePoint (Siemens
Medical Solutions) was performed 60-80 minutes post
injection of 120-185 MBq 68Ga–DOTATATE.
Results: 33/70 (47%) (16 woman, 17 men) of examined
patients presented cutaneous signs. Among them, most
frequent symptoms were rash (76%), teleangiectasia (64%),
and ushing (61%). Disseminated disease was observed in
64% of patients; 61% of them presented liver metastases.
Single skin lesion was described in 18% of patients.
Laboratory tests revealed increased level of chromogranin
A (CgA) in 30% pts, serotonin 7% pts and 5-hydroxyindolo
acetic acid (5-HIAA) 14% pts. In a group of patients with
rash, primary tumors were localized in intestine - 32%
(small 20%, colon 12%), pancreas - 28%, and lungs - 4%.
In patients who presented teleangiectasia, primary tumors
were localized in intestine 38% (small 29%, colon 9%),
pancreas - 24%, and lungs - 5%. Flushing was present in
patients with primary NETs of the intestine- 55% (small
30%, colon 25%) and pancreas - 15%. Among patients
presenting different type of skin syndrome, we didn’t
observe signi cant differences in measured laboratory
parameters and frequency of liver metastases.
Conclusions: Almost 50% of patients with NET
presented skin syndromes. The most frequent skin
symptom in our group of patients was rash. The skin
manifestations were observed mostly in patients with
disseminated disease, however, in our study it was
observed in about 20% patients with single focal lesion.

It is vital that dermatologists evaluate carefully the
dermatological signs – it might provide earlier diagnosis
of malignant NET.
P-16

7R(YDOXDWHWKH'LDJQRVWLF(IÀFDF\
of 99mTc-DTPA-Bis-Methionine for
the Detection of Primary Lesions in
Breast Cancer and Gliomas Patients:
Preliminary Results
Himani Verma, Sarika, Pardeep Kumar,
Deepti Rathode, Anchal Ghai,
Krishna Chuttani, Puja Panwar, Anil K.
Mishra, Bhagwant R. Mittal, Baljinder Singh
Department of Nuclear Medicine and PET, Post graduate
Institute of Medical Education and Research, Chandigarh
Aim: To perform 99mTc-DTPA-bis (Methionine) - MDM
scintigraphy in breast cancer and glioma patients and
semi-quantitative analysis of the radiotracer uptake at
lesion sites.
Materials and Methods: Two groups, Group-A
including 30 female patients of proven breast cancer and
Group-B including 6 patients (4 male, 2 female) of glioma
patients were prospectively enrolled in the study. Brie y,
555-740 MBq of 99mTc-MDM was injected intravenously
in both the groups. Group A patients were subjected
to scintimammography (1-h, 2-h, and 4-h), whereas,
group-B patients were subjected to brain scintigraphy at
1.5 h. All the scans were visually inspected and subjected
to semi-quantitative analysis (drawing Region of Interest
(ROI) over the lesion) to calculate lesion to background
ratios (LBR) at different time intervals.
Results: A reasonable labeling ef ciency (97 r 1.5%)
was obtained in all preparations of 99mTc-MDM. Scan
ndings were positive in 27 breast cancer patients (29
breast lesions) of group A. Semi-quantitative analysis of
positive breast lesions revealed mean LBR of 3.64r1.26,
3.01r0.98, and 2.42r0.77 at 1-h, 2-h, and 4-h, respectively.
The sensitivity and speci city of methionine scanning
was calculated to be 93% and 100%, respectively as
correlated with histopathological ndings. In Group B,
one patient had primary glioblastoma, four had residual
tumor after surgery, and one had recurrence disease.
99m
Tc-MDM scans ndings were positive in four out of
six patients. Two negative cases include residual tumor
and recurrent glioma each.
Summary: Evaluation of LBR can be used to differentiate
between the benign and malignant lesions and combined
with 99mTc-MDP bone scanning offers a near complete
diagnostic work-up of breast cancer patients for both
primary lesions and skeletal metastases. 99mTc-MDM
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showed high tracer uptake in recurrent glioma brain
tumors due to increased amino acid metabolism in tumor
tissue. However, large numbers of patients are required
to prove its diagnostic ef cacy in glioma cases.
P-17

Heterogeneous Regional
Physiological Uptake of 18F-FDG in
Myocardium in Fasting Oncologic
Patients on Whole Body PET-CT
Scans
Anna Ara Khan, A. Bhattacharya, Sarika
Sarika, B. Singh, B. R. Mittal
PGIMER, Chandigarh, India
Aim and Objective: The goal of this study was
to retrospectively analyze regional fluorine-18
uorodeoxyglucose (18F-FDG) myocardial metabolic
pattern via visual assessment in oncological patients
undergoing routine whole body Positron emission
tomography-computed tomography (PET/CT) scan.
Background: PET is an intrinsically quantitative tool that
provides an unparalleled approach to interrogate heart
non-invasively. F-18 FDG is the most extensively used
tracer in PET because of the ubiquitous role of glucose
metabolism in the cardiac studies. Thus, used extensively
for delineation of viable from non-viable myocardium.
Glucose enters the cell via facilitated transport system
Insulin independent glucose transporter GLUT1
and Insulin dependent glucose transporter GLUT4.
FDG competes with glucose for hexokinase and is
phosphorylated to FDG-6-PO4.However, this product
is not metabolized further because of low levels of
phosphatase in myocardium and thus gets trapped.
The in uence of systemic mediators of cell membrane
glucose transporters account for consistent variability of
myocardial FDG uptake.
Materials and Methods: The study population included 83
oncological patients referred for PET scan (40M: 43F; Mean
age 53.7412.33 yrs, range 24-81 years). Patients with
any myocardial abnormality were excluded from the study.
All patients were checked for Blood Glucose Level prior to
FDG injection. Emission scans were acquired on PET CT
(GE Advance Discovery STE) scanner 45-60 minutes post
injection. The images were retrospectively analyzed and
categorized into Uniform High, Uniform Low, and Patchy
myocardial uptake patterns. Standardized uptake value
(SUV) values were determined on entire left ventricular
myocardial region and liver on transaxial slices. Further
analysis on the subset of 27 patients (15F: 12M) with patchy
myocardial uptake was performed on a qualitative basis
66

to determine the regional variability.
Results: The subset of patients studied under this head
had range of glucose level  54-133 mg%; average
blood glucose  90.13 r 16.55; average entire left
ventricular (LV)-SUV 3.3r3.17. The study indicates
large variability of 18F-FDG uptake throughout the LV
myocardium, the relatively higher uptake (SUV) being
in the regions of Lateral (35%) and the Septal (28%) walls
rather than the Apex (21%), Apico-lateral (10%) and the
Apico-septal regions. The statistical data also indicates
lack of correlation in the heterogeneous uptake pattern
and the Blood glucose level.
Conclusion: The present study indicates non-uniform
myocardial regional distribution of 18F-FDG in patients
under fasting conditions without any cardiac history.
This random metabolic uptake pattern owing to discrete
glucose consumption cannot be correlated to any
myocardial abnormality and may vary from one patient
to other and from one region to another thus questioning
the reliability of 18F-FDG for myocardial viability.
P-18

Evaluation of Tumor Response after
Radiofrequency Ablation of Hepatic
Metastases from Neuroendocrine
Neoplasms using Ga-68
Somatostatin-Receptor PET/CT
Harshad R. Kulkarni, Daniel Kaemmerer1,
Dieter Hoersch2, Alexander Petrovitch3,
Merten Hommann1, Richard P. Baum
THERANOSTICS Center for Molecular Radiotherapy
and Molecular Imaging, 1Department of General and
Visceral Surgery, 2Department of Internal Medicine,
Gastroenterology, and Endocrinology, 3Department of
Interventional Radiology ENETS Center of Excellence,
Zentralklinik Bad Berka, Robert-Koch-Allee 9, 99437 Bad
Berka, Germany
Aim: Neuroendocrine neoplasms (NENs) commonly
metastasize to the liver. One of the important
therapeutic strategies is radiofrequency ablation
(RFA) of hepatic metastases. Imaging after RFA is
vital to evaluate therapeutic response, and for early
detection of recurrence, in which case RFA may have
to be repeated. In addition to conventional imaging
modalities like computed tomography (CT), magnetic
resonance imaging (MRI) and ultrasonography (USG),
Positron emission tomography-computed tomography
(PET/CT) using Ga-68 labeled somatostatin analogs
DOTATATE/DOTATOC/DOTANOC is an essential
molecular imaging modality in somatostatin receptor
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(SSTR) expressing NENs. Aim of this study was
to evaluate the role of Ga-68 SSTR PET/CT in the
assessment of response to RFA in hepatic metastases
from NENs.
Materials and Methods: This study included 13 patients
(mean age 55r19 years; 8 males and 5 females) with
NENs, who underwent RFA for hepatic metastases in
19 liver segments. All patients underwent SSTR PET/CT
using Ga-68 DOTATOC before, and 3-6 months after
RFA.
Results: Absence of the tracer uptake (cold area) was
observed on Ga-68 SSTR PET/CT in 14 liver segments
in eight of the patients, denoting complete tumor
response (necrosis) to RFA, according to molecular
imaging criteria. The post-RFA Ga-68 SSTR PET/CT
demonstrated partial remission in the remaining ve
patients (more than 25% decrease in standardized
uptake values), as compared to the pre-RFA study.
Follow-up over a period of 6-12 months showed
the following results concerning the performance of
SSTR PET/CT: True-negative in 14 liver segments
(cold lesions/complete ablation), ve true positives
(focal uptake indicating non-ablated residual tumor),
one out of these four patients with focal residual
uptake underwent repeated RFA, and all ve patients
underwent additional peptide receptor radionuclide
therapy (PRRT), three of the patients undergoing PRRT
showed good response (two complete and one partial
remission), and in one patient the disease continued to
progress with evidence of extra-hepatic disease.
Summary: Ga-68 somatostatin receptor PET/CT is a
sensitive imaging modality for therapeutic response
evaluation and staging after radiofrequency ablation
of hepatic metastases from neuroendocrine neoplasms,
correctly assessing the molecular changes by
quanti cation of somatostatin receptor expression in
the metastases.

the effective absorbed dose to human organs, following
i.v. administration of 68Ga-labeled gonadorelin - one
of the gonadotropin releasing hormone (GnRH)
agonists - using biodistribution data from injected
normal rats.
Material and Methods: Four rats were sacri ced at
exact time intervals (0.25, 0.5, 1, 2, 4, and 6 hour post
injections) and the percentage of injected dose per
gram of each organ was measured by direct counting
from rat data among 19 organs were harvested. The
Medical Internal Radiation Dose (MIRD) formulation
was applied to extrapolate from rat to human and to
project the absorbed radiation dose for various organs
in the human.

Results: From rat data we estimate that a 185-MBq
injection of 68Ga-c (DTPA) diethylene triamine pentaacetic
acid-GnRH into the human might resulted in an
estimated absorbed dose of 4.732 mGy to the whole body
and the highest effective absorbed dose was in Blader
wall with 4.079 mSv and the organs received the next
highest doses were Lower Large Intestine 2.941 mSv,
Lung 1.103 mSv, and Muscle 0.548 mSv.
Conclusion: The biodistribution of 68Ga-cDTPA-GnRH
in rats showed high breast and ovaries uptake and low
muscle and blood uptake. These results suggest that it
should be possible to perform early imaging of the breast
anomalies and GnRH receptors indicating potential
malignant lesions.
P-20

Poster Presentations (Dosimetry)
P-19

Estimation of Human
Effective Absorbed Dose of68
Ga-DTPA-GONADORELIN Based on
Biodistribution Rat Data
Afsaneh Lahooti, Saeed Shanehsazzadeh

Repeated Cycles of Peptide Receptor
Radionuclide Therapy: Is it Safe for
the Kidneys and What is the Effect
of Cumulative Mean Absorbed Renal
Dose?
Harshad R. Kulkarni, Vikas Prasad,
Christiane Schuchardt, Richard P. Baum

Department of Biomedical Physics and Engineering, School
of Medicine, Tehran University of Medical Sciences,
Tehran, Iran

THERANOSTICS Center for Molecular Radiotherapy
and Molecular Imaging, ENETS Center of Excellence,
Zentralklinik Bad Berka. Robert-Koch-Allee 9, 99437 Bad
Berka, Germany

Aim of the Study: In this investigation, we estimated

Aim: Kidneys are the critical organs in peptide receptor
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radionuclide therapy (PRRT) of neuroendocrine
neoplasms (NENs). Therefore, there is a potential
risk of long-term renal toxicity, especially in the
presence of risk factors like hypertension and diabetes.
Dosimetry helps in deciding the optimal personalized
therapeutic regimen, and hence, to avoid or minimize
this risk. The aim of the present study was to assess
the long-term renal function in patients undergoing
at least ve cycles of PRRT with Lu-177 and/or Y-90
labeled DOTATATE or DOTATOC, and to examine if
the radiation dose to the kidneys was able to predict
renal toxicity.
Materials and Methods: More than 1, 100 patients
with metastasized progressive NENs have been treated
with up to nine cycles of PRRT, time gap being 3-4
months between successive cycles, using Y-90, Lu-177
or a combination of Y-90 and Lu-177 (administered
sequentially, i.e., DUO PRRT or concomitantly,
i.e., TANDEM PRRT) labeled with DOTATATE or
DOTATOC at our center. PRRT was performed under
strict nephroprotection in all patients, i.e., with concurrent
infusion of lysine/arginine (Rotterdam protocol).
Patients treated with Y-90 were additionally co-infused
with gelofusine. Dosimetric calculations were performed
according to medical internal radiation dose (MIRD)
scheme. Each patient underwent ve planar whole-body
scans after administration of the radiopeptide (p.i.)
starting immediately after infusion, then at 3, 20, 44, and
68 h p.i. The changes in renal function were monitored in
all patients by serial measurements of tubular extraction
rate (TER) using 99mTc- MAG3 and of the glomerular
ltration rate (GFR) using 99mTc diethylene triamine
pentaacetic acid (DTPA). We analyzed the results of
long-term renal function in 217 patients treated with
ve or more PRRT cycles, followed-up for at least 1 year
after the last cycle. The activity administered per cycle
ranged from 6.4 to 8.2 GBq for Lu-177 and 3.2 to 5.9 GBq
for Y-90. The total administered activity ranged from
16.5 to 44 GBq of Lu-177 and/or Y-90. In addition, we
retrospectively evaluated if there was any relationship
between mean absorbed renal dose and decrease in
TER and/or GFR in 96 patients having undergone at
least three cycles of PRRT and having been followed
up for at least 12 months after the 3rd cycle concerning
deterioration in renal function.
Results: End stage renal insuf ciency was not observed
in any of the patients. Grade-1 renal toxicity was seen in
28 patients (13%), while 12 patients (5.5%) had grade-2
toxicity. Fall in TER of more than 20% was found in
17 patients (7.8%). The mean absorbed renal dose
(mean rSD) was 5.38r2.84 Gy per cycle. The cumulative
mean absorbed renal dose after 3 PRRNT cycles ranged
from 12.3-20.9 Gy. However, there was no correlation
between the cumulative mean absorbed renal dose and
change in TER or GFR.
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Conclusion: Long term renal toxicity could be avoided
or minimized when PRRT is administered with strict
nephroprotection and a personalized therapeutic
regimen using the ‘long-term low-dose’ protocol,
i.e., with appropriate fractionation, which enables
administration of multiple cycles of PRRT. The effect on
renal function cannot be predicted based on the radiation
dose alone and additional radiobiological factors must
be taken into consideration.
P-21

Biodistribution and Dosimetry of
131
I-Rituximab Radioimmunotherapy
in Non- Hodgkin’s B-Cell Lymphoma:
Preliminary Experience from
Ramathibodi Hospital, Thailand
Wirote Changmuang,
Arpakorn Kositwattanarerk,
Kittipong Thongklam, Mululee Tuntawiroon,
Kanokon Poonak
Division of Nuclear Medicine, Department of Radiology,
Faculty of Medicine Ramathibodi Hospital, Bangkok,
Thailand
Aim: The principal side effect of radioimmunotherapy (RIT)
is bone marrow suppression, especially thrombocytopenia
and leukopenia. Contribution of radiation-absorbed dose
to bone marrow should not exceed 2 Gy that is equivalent
to 0.75 Gy of whole-body absorbed dose. The aim of this
study is to administer diagnostic doses (185 MBq) of
131
I-Rituximab and to calculate the treatment dose using
whole-body bone marrow dosimetry in the patients with
non-Hodgkin’s B-Cell Lymphoma.
Materials and Methods: An initial tracer activity of
131
I-Rituximab was injected intravenously. Subsequently,
whole body images (Hawkeye 4 Single-photon emission
computed tomography-computed tomography
(SPECT/CT), GE Healthcare) at 10 minutes, 3 days, and
6 days were used to determine the effective half-life
of the radio iodinated antibody in the patient. The
equation of Wahl RL et al., was used to calculate the
therapeutic dose of 131I-Rituximab. The organs and
whole body dose was calculated with MIRDOSE 3.1
computer software.
Result: The mean effective half-life (141.6 r 15.1 h),
determined from whole body imaging. The whole
body residence time was 204.3 r 21.8 hours. The
calculated mean r SD of 131I-Rituximab treatment
dose was 1.14 r 0.21 GBq. Absorbed dose in red
marrow, live, lung, ovaries, and testes was 0.54r0.06
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mGy/MBq, 0.56 r 0.06 mGy/MBq, 0.52 r 0.06
mGy/MBq, 0.61 r 0.07 mGy/MBq, and 0.52 r 0.05
mGy/MBq, respectively. The mean for effective dose
was 0.57r0.06 mSv/MBq.
Conclusion: The whole-body bone marrow dosimetry
calculated from patient-speci c data with tracer dose
of 131I-Rituximab was a good predictor for potential
marrow toxicity.

Poster Presentations (Therapy)
P-22

Evaluation of Feasibility of
PRRT in Neuroblastoma Using
99m
Tc- Hynic-TOC Scintigraphy
V. Rangarajan, Sneha Shah,
Archi Agrawal, N. C. Purandare, P. Jattale,
Girish Chinnaswamy1, Sajid Qureshi1,
M. Mallia2, A. Korde2, G. Samuel2,
S. Banerjee2, M. R. A. Pillai2
Department of Nuclear Medicine, 1Pediatric solid Tumor
Disease Management Group, Tata memorial hospital,
2
Radiopharmaceuticals Division, Bhabha Atomic Research
Centre, Mumbai, India
Aim of the Study: Neuroblastoma is the most
common extracranial solid cancer of childhood
and the most common cancer in infancy. It is a
neuroendocrine tumor, arising from any neural
crest element of the sympathetic nervous system.
Nuclear imaging techniques such as bone scans,
Iodine 131-metaiodobenzylguanidine ( 131 I-MIBG)
scans, and 111 In- diethylene triamine pentaacetic
acid (DTPA)-octreotide scans have greatly increased
the sensitivity and specificity of both diagnostic
and follow-up protocols for pediatrics solid tumor.
Fluorine-18 uorodeoxyglucose positron emission
tomography/computed tomography ([ 18 F] FDG
PET/CT) study and 131I-MIBG scintigraphy are used
as a routine diagnostic work-up in neuroblastoma
patients in our institute. Molecular targets that are
speci c for neuroendocrine tumors are now under
research. Somatostatin receptors-2 (SSTR-2) expression
is noted in neuroblastoma lesions and hence we
have investigated the utility of 99mTc-Hynic-[Tyr3]
octreotide (TOC) scan for the work-up of 33 patients.
Materials and Methods: thirty-three diagnosed cases
of neuroblastoma were subjected to [18F] FDG PET/CT,
131
I-MIBG scan, and 99mTc-Hynic-TOC scan as a part
of work-up in staging (11), treatment response (11),
restaging (1), and follow-up (9). All the scans were

done within a time span of 10 days. The Hynic-TOC
kits supplied by the Radiopharmaceuticals Division,
Bhabha Atomic Research Centre were reconstituted by
the addition of 40 mCi of 99mTc as pertechnetate. 10-15
mCi of activity was injected and the images were done
at 2 hrs p.i. The images were compared for concordance
of uptake in the primary lesion, metastatic loco
regional/distant nodes and distant metastases. 99mTc
Hynic-TOC injection was used after informed consent
from Pediatric solid tumor management group of our
hospital as well as from the patients’ parents.
Results: All the lesions noted on 131I-MIBG scans were
also seen on [18F] FDG scan and 99mTc Hynic-TOC scans.
Sensitivity of 99mTc-Hynic-TOC in staging was 75%
(15/20), in treatment response, 72% (8/11), in re-staging
was 100% (1/1) and in follow-up 75% (3/4), while using
FDG-PET/CT as gold standard.
Conclusion: There was 1:1 lesion concordance of
131
I-MIBG and 99mTc-Hynic-TOC scans. 99mTc Hynic-TOC
scan is as sensitive as 131I-MIBG scan. This suggests
that neuroblastoma lesions expressed SSTR-2 receptor
expression and radiolabeled Peptide therapy can be
considered in such patients. Treatment can be considered
for progressive/recurrent disease, in combination with
multiagent chemotherapy and pre-operatively at the
start of treatment protocol for inoperable stage III and
IV disease.
P-23

Lutetium Therapy in Metastatic
Pheochromocytoma
Manoj K. Bhatt, David Macfarlane
Royal Brisbane and Women’s Hospital, Herston, QLD,
Australia 4029
Aim: There is paucity of experience on Lutetium
177 DOTATATE in metastatic Pheochromocytoma.
We present two patients with known metastatic
Pheochromocytoma, with limited treatment options,
managed with Lutetium therapy guided by functional
imaging.
Method and Result: Two patients with sporadic
pheochormocytoma, initially managed by surgical
resection of adrenal primary, presented with signs and
symptoms of biochemical excess and pain secondary to
bony metastases signi cantly affecting the quality of life.
This was consistent with progressive metastatic disease.
There were limited treatment options for these patients.
Iodine-131 Metaiodobenzylguanidine (MIBG) therapy
was considered but dosimetry was unfavourable. Ga68
DOTATATE Positron emission tomography-computed
tomography (PET/CT) indicated effective targeting of
the known metastases, which lead to the progression
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to four cycles of Lutetium-177 therapy, 8 weeks apart.
There was signi cant improvement in symptoms related
to biochemical excess including uncontrolled fast atrial
brillation (AF) and hypertension in the rst patient.
The second patient, with a single kidney and early
renal impairment secondary to diabetes also showed
improvement in quality of life and blood pressure control
with no signi cant deterioration in the renal function.
Summary: Lutetium-177 DOTATATE therapy may
provide symptom control due to hormonal excess for
metastatic Pheochromocytoma, in patients with no other
therapeutic options. Lutetium-177 DOTATATE therapy
was successfully administered in patient with single
kidney and early renal impairment with no deterioration
in kidney function secondary to the therapy.
P-24

Project for Cyclotron Production
of Ac-225 in Tomsk Polytechnic
University
Vladimir M.Golovkov, Vladimir Khudoley
National Research Tomsk Polytechnic University, Tomsk,
Russia
Introduction: Ac-225 is an alpha-particle emitting
radionuclide with a 10-day half-life, which generates
under followed decay four alpha particles. Because
of their high-energy deposition and short range,
alpha-emitters based on Ac-225 radionuclide generator
have great potential as therapeutic agents. However,
limited commercial availability Ac-225/Bi-213 generator
systems decelerates further development of alpha
radionuclide therapeutic treatment. At present,
Ac-225 has been obtained in limited quantity from the
radioactive decay of U-233. Production of Ac-225 using
proton irradiation of Ra-226 in a cyclotron through
the reaction Ra-226 (p, 2n) Ac-225 was experimentally
demonstrated and is considered as the very promising
way for large-scale production of Ac-225. However,
development of complete product line for production
of Ac-225 is a work has to be done.
Aim of the Study: Development of conceptual project
for Ac-225 production using proton-accelerating
cyclotron.
Results: The project includes compact cyclotron with proton
energy variable from 15 to 30 MeV and current up to 200
PA, which is considered, for irradiation target containing
Ra-226. The facility area covers 1000 m2, including cyclotron
hall, targets vaults, hot cells labs to handle large quantities
of Ra-226, radiochemistry facilities, quality control area,
commercial radioisotope dispatching area and all ancillary
services. It is estimated that implementation of the project
takes approximately 2 years.
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Cu-Asparagine:
Glioblastoma Treatment

64

Gianluca Valentini, P. Panichelli
Acom spa, Montecosaro, Italy
Aim: Our aim was to evaluate 64Cu-Asparagine as new
Diapeutic agent in Glioblastoma.
Materials and Methods: Step 1- Analysis of Asparagine
use in glioblastoma metabolism –effect of ASNase in
culture Tumor lines T98G and U-87 cell lines were
purchased from American Type Culture Collection
(ATCC, Manassa, VA). Cell viability assay and DNA
fragmentation were done. Step 2-Subcutaneous
xenograph mouse model. Step 3-Production and
synthesis of 64Cu-Asparagine. Step 4-Micro Pet Imaging:
60 nude mice were performed using YAPPET micropet
Tomograph (Ise-Italy). Whole body data acquisition
were performed after one hour and 24 hours after
injection of 35-65 microcuries 64Cu-Asparagine trough
tail vein. he acquisition consist of 128 frames in 360
grades. No attenuation corrections were done and
for reconstruction, we used an iterative OSEM 2D
algorithm. Step 5-Tc/Pet Imaging: 10 Patient with
recidive Glioblastoma after surgery were studied using
Biograph Siemens -16 slices, 1 h and 24 h after injection of
10 mCi 64Cu-Asparagine in normal vein. Step 6-Tretment
Model: We used angiographic system to introduce 64Cu
Asparagine in Medium Cerebral Artery (60 – 100 mCi).
We repeated the injection after one month and every
three months for a year.
Results: Asparaginase showed a deoxyribonucleic acid
(DNA) fragmentation of cell lines studied. In xenograph
model, we observed uptake of 64Cu-Asparagine in
tumors. This was confirmed in human studies. All
patients treated showed a reduction of tumors volume
between 30–60%.All patients are surviving after 1 year.
Summary: Asparagine is a substrate of metabolism for
Glioblastoma. Copper- 64 has a DNA damage effect in
cells. 64Cu-Asparagine is a new diapeutic agent very
promising in Glioblastoma treatment. More statistic
data are necessary to verify long-term effects in patient
survival, dosimetric analysis, and treatment scheme
doses.
P-26

90Y Sphere Radioembolization and
Associated Infectious Complications
Sandeep Laroia MD
Department of Radiology, University of Iowa, USA

World Journal of Nuclear Medicine/Vol 12/Supplement 1/February 2013

Abstracts

Aim: To identify risk factors for Infectious complications
after Y90 sphere Radioembolization therapy.
Materials and Methods: A cohort of seven patients
with 10 radioembolization procedures was studied in a
retrospective manner for any infectious complications.
All patients received standard antibiotic prophylaxis
protocol when indicated. At our institution, this
comprises oral Cipro oxacin and metronidazole two
days pre-procedure and continues for total of 14 days;
oral neomycin/erythromycin bowel prep the day
before; and IV Rocephin on the day of procedure in
patients with history of prior biliary intervention only.
Total white count was obtained after the procedure
when clinically indicated. Patients had clinical
follow-up 4 weeks after the procedure then after every
12 weeks.
Results: The patients had diagnosis of hepatic metastatic
tumors of either colorectal, breast or neuroendocrine
origin or Cholangiocarcinoma or Hepatocellular
carcinoma. One patient had pre-procedure Common
Biliary Duct (CBD) stent placed for obstructive
jaundice. Pre-procedure Bilirubin was normal in all
these patients. Y90 dose delivered was in the range of
14-30 MCi. Three patients developed post procedure
fever, which responded to oral antipyretics and
were symptom free within 24 hours. One patient
developed blood culture negative persistent fever with
white count elevation after the Y90 sphere therapy.
Repeat liver imaging showed necrotic liver tissue
in the region of Y90 sphere delivery but no abscess
formation. Patient responded well to the continued
empiric antibiotics. This patient had a large tumor
load and advanced age 82 years. Patient also had an
indwelling Foley’s catheter during hospital admission
with positive urinary cultures. Persistent fever was
ascribed to Urinary tract Infection (UTI) secondary to
indwelling Foley’s. Incidence of post procedure fever
was 4/10; however, proven infection secondary to the
procedure itself was 0/10.
Conclusion: Y90 therapy is a safe procedure as far as
the infectious complications are concerned. The risk
factors for infectious complications in the Y90 therapy
patients include any predisposing factor like prior
biliary intervention, any other focus of infection in the
body including dental problems, indwelling catheters
or pneumonia etc., Large tumor load, advanced age
and any other factor causing immunosuppression
may predispose to superinfection of the necrotic
liver area after the therapy. These patients may
benefit from aggressive pre-procedure antibiotic
prophylaxis

Poster Presentations
(Radiopharmacy)
P-27

Evaluation of a New
68
Ge/68Ga Generator Designed
by Nordion for Labeling of PET
Imaging Radiopharmaceuticals
Damien Cressier, Louisa Barré, Cécile Perrio,
Nathalie Méthot, Steve Oelsner, Dennis Wester,
Graham Duncan
Cyceron, Bd Henry Becquerel, BP 5229, 14074 Caen, France
Aim of the Study: A novel 68Ge/68Ga generator developed
by Nordion was evaluated in terms of reliability and
ef ciency for producing high quality gallium-68 over a
period of 6 months. Radiolabeling of [68Ga]-DOTATATE
was taken as the radiosynthesis of reference to establish
the performance of this generator.
Materials and Methods: Germanium-68 was adsorbed on
a titanium oxide sorbent. The gallium-68 was recovered
by elution with 0.1N HCl (5 mL). After counting of
gallium-68 radioactivity, the eluate was left to decay
for 2 days and the germanium-68 breakthrough was
determined by gamma spectroscopy. Gallium-68 was
also used for the radiosynthesis of [68Ga]-DOTATATE.
A fully automated process has been developed on
a Modular Lab synthesis box. After elution of the
generator, gallium-68 was pre-concentrated and puri ed
on a cation-exchange column (Strata XC). Elution of the
Strata column, performed with 0.1N HCl/acetone (2/98,
800PL) mixture, afforded free gallium-68 which was
used for complexation of DOTATATE (40Pg in 2 mL of
acetate buffer) at 85°C for 8 min. Finally, formulation of
radiolabeled product was realized using a C18 column.
Results: Elution of gallium-68 with 0.1N HCl (5 mL)
from the generator was achieved in 3 min with a
constant yield of 70%. The 68Ge/68Ga ratio in the eluates
typically ranged from 10-7 to 10-6 even after 6 months
of use. The elution pro le showed that 90% of the total
activity was contained in the rst 2 milliliters. Labeling
of DOTATATE afforded the [68Ga]-radiotracer in less
than 20 minutes with high radiochemical purity (!95%)
and yields (75% decay corrected). The percentage of
gallium-68 incorporation in the DOTA-peptide (!90%)
proved the excellent performance of the generator.
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Summary: The developed generator has been proven to
afford gallium-68 with reproducible elution yields and
quality. We have shown experimentally that this generator
can be used for labeling 1, 4, 7, 10-tetraazacyclododecane-1,
4, 7, 10-tetraacetic acid (DOTA) chelate-conjugated
peptide, such as DOTATATE, with high radiochemical
yields and radioactive purity.
P-28

Quantitative Determination of
68Ge Breakthrough of 68Ge/68Ga
Generators via TLC
Elisabeth Eppard, Natalia S. Loktionova,
Frank Rösch
Johannes Gutenberg-Universität Mainz,
Fritz-Strassmann-Weg 2, 55128 Mainz, Germany
Ge/68Ga generators contain initial activities of 20,
30, or more mCi of 68Ge, respectively, 68Ga. In the rst
period of generator usage, the breakthrough levels
of 68Ge are located between 10-4 and 10-2%. This is a
critical parameter in the context of clinical use of 68Ga
radiopharmaceuticals. Due to the lack of suf ciently
distinctive radiation, 68Ge is “invisible” within the excess
of 68Ga activity. Therefore, 68Ga solutions (e.g. eluate,
product) usually have to be kept in storage for several
days before a detection of 68Ge is possible. This work
aims for an easy and instant analysis of 68Ge, i.e., prior
to the release of 68Ga-radiopharmaceuticals. The concept
was used to discriminate between 68Ge, 68Ga, and even
68
Ga-labeled peptides (e.g. 68Ga-DOTATOC) on a Thin
Layer Chromatography (TLC) plate in order to determine
the 68Ge content in 68Ga-pharmaceutical preparations
within one-hour post elution. A 68Ge/68Ga Obninsk
generator was used with a 68Ga yield of 100 MBq and
a 68Ge breakthrough of 85 kBq. It was eluted with 5 ml
of 0.1 M HCl through a cation exchange resin (Biorad:
AG 50W-X8, -400 mesh) to adsorb 68Ga from the eluate.
DOTATOC was labeled according to standard protocol.
For the separation of 68Ge from 68Ga and 68Ga-DOTATOC
on TLC plates, various solvent mixtures and different
stationary phases were investigated. The distribution
of 68Ge, 68Ga, and 68Ga-DOTATOC was detected at
instant imagers. The radioactivity detection on the TLC
plate was performed at various time-points after the
development of the TLC. Using 220 mg of AG 50 W-X8 or
a combination with additionally 120 mg of SCX provided
a quantitative separation of 68Ge from 68Ga. accordingly,
radioactivities in the processed eluate started to increase
immediately, indicating the radioactivity represented by
68
Ge. The count rate increased according to the secular
characteristics of the 68Ge/68Ga radionuclide equilibrium.
68
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Ge radioactivity was easily quantified within one
hour, just letting 68Ga grow for one (or a half) half-life of
67.7 min in the puri ed 68Ge-fraction. Four mobile phases
according to Mirzadeh and Lambrecht (1996) and the
generally used 0.1 M citric buffer were analyzed with
regard to Rf-values of 68Ge, 68Ga, and 68Ga-DOTATOC.
Four potential TLC-systems were identi ed, in which
68
Ge, 68 Ga and 68 Ga-DOTATOC show sufficiently
different Rf values. While the radioactivity of 68Ga and
68
Ga-DOTATOC spots is decreasing according to the
68
Ga decay, the 68Ge spot shows an increasing count rate.
Using the count rates and the absolute radioactivity for
calibration of the imager, the breakthrough of 68Ge can
be quanti ed momentarily, i.e., already in the rst hour
after generator elution. We developed an instant method
of measuring 68Ge activity levels in a 68Ge/68Ga generator
eluate and even in 68Ga radiopharmaceuticals using
J-spectroscopy. All investigated TLC-systems can be used
to separate 68Ge from 68Ga or 68DOTATOC to quantify the
amount of 68Ge in an eluate or a product within about 1
hour post elution.68Ge levels of up to 10-4 are detectable.
68
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Development of an Ethanol-Based
Post-Processing for
Generator-Produced 68Ga for Medical
Application
Elisabeth Eppard, Frank Rösch
Johannes Gutenberg-Universität Mainz,
Fritz-Strassmann-Weg 2, 55128 Mainz, Germany
Post-processing using a cation-exchanger in hydrochloric
acid/acetone media represents an ef cient strategy for
concentration and puri cation of generator-derived 68Ga
eluates. It assures the removal of 68Ge, and high labeling
yields of injectable 68Ga-labeled radiopharmaceuticals
for routine medical application. The aim of this work
is to replace the acetone with ethanol to combine
the very efficient strategy for concentration and
purification based on cation-exchangers with the
superior properties of ethanol. We developed a
processing of generator-produced 68Ga eluates including
the labeling of DOTA-octreotide derivatives. A 68Ge/68Ga
Obninsk generator was used with a 68Ga yield of 100 MBq
and 85 kBq breakthrough of 68Ge. Preconcentration and
puri cation of the initial generator eluate are performed
using a cation exchange resin, Biorad (AG 50W-X8, -400
mesh) or Phenomenex (SCX), along the lines of the
solutions N1 and N2 known from hydrochloric
acid/acetone systems, but this time using hydrochloric
acid/ethanol mixtures. Distribution of 68Ga and metallic
impurities like 68Ge (IV), Fe (III), Zn (II), and Ti (IV)
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on the cation-exchange column was investigated. The
puri ed fraction was used for labeling of nanomolar
amounts of octreotide derivatives in pure aqueous
solution and in different buffer systems. We could
obtain/develop a post-processing on cation-exchange
resin hydrochloric acid/ethanol along the lines of the
state-of-the-art post-processing based on hydrochloric
acid/acetone media. Using this post-processing system
up to 95% of the initially eluated 68Ga activity was
obtained in a 1 ml fraction of 90% ethanol/0.9 N HCl
as a hydrochloric acid/ethanol fraction within 4 min.
The initial level of 68Ge eluted from the generator is
reduced by u orders of magnitude. Due to the fact that
the hydrochloric acid/ethanol systems have a lower
pH than its acetone equivalent, buffer solutions are
utilized for labeling octreotide derivatives. In pure
aqueous solutions, the labeling yields were very low
(15%). Appropriate processing of generator-produced
68
Ga-based on cation-exchange chromatography
is effective in hydrochloric acid/ethanol media. It
successfully removes breakthrough of 68Ge and allows
the concentration of 68Ga generator eluate with yields as
good as with the established post-processing method.
The whole process guarantees safe preparation of
injectable 68 Ga-DOTATOC (or other 68 Ga-labeled
radiopharmaceuticals) for routine applications and can
be successfully used in clinical environment. However,
application of several generators in a cascade scheme can
be used with this ethanol-based post-processing.
P-30

,PSURYHG(IÀFDF\RI6\QWKHVLV
of 68Ga and other M (III)-Labeled
Radiopharmaceuticals in Mixtures of
Aqueous Solution and Non-Aqueous
Solvents
Frank Rösch, Marylaine Perez-Malo Cruz1
Johannes Gutenberg-Universität Mainz,
Fritz-Strassmann-Weg 2, 55128 Mainz, Germany,
1
Dpto. Radiofarmacia, Centro de Isótopos,
Ave. Monumental y Carretera la Rada km 3 1/2,
Guanabacoa, Ciudad de La Habana, Cuba
Radiometal-pharmaceuticals are typically synthesized
in pure aqueous solutions. We recently observed,
that in the presence of several non-aqueous solvents
the labeling yields for 68Ga-radiopharmaceuticals
increased compared to pure aqueous solutions. In
order to investigate, whether this applies also to other
trivalent radiometals M (III), the effect of adding
non-aqueous solvents to aqueous solutions was

investigated systematically. 68Ga eluates obtained from
an EZAG/Obninsk generator, EZAG Berlin, were used
with and without cation-exchange based post-processing.
44Sc was obtained from an in-house 44Ti/44Sc generator.
177Lu was purchased from ITG Munich. Solvents such
as methanol, ethanol, isopropanol, octanol, acetonitrile,
N, N-dimethylformamide (DMF), Dimethyl Sulfoxide
(DMSO), and polyethylene glycol (PEG)-derivatives
etc., were added to aqueous solutions containing 1,
4, 7, 10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic
acid (DOTA)- and 1, 4, 7-triazacyclononane triacetic
acid (NOTA)-conjugated precursors such as octreotide
derivatives (TOC, TATE, NOC) and bisphosphonates. The
amount of non-aqueous solvent added ranged from 10 to
40 volume%. Labeling yields were analyzed by Thin Layer
Chromatography (TLC) and High-performance liquid
chromatography (HPLC). For almost all the non-aqueous
solvents, labeling yields improved signi cantly for all
the precursors selected and all the three radiometals
investigated. For example, while aqueous systems at
70°C, 30 Pg DOTANOC and 10 min reaction time give
40% 68Ga-DOTANOC, yields are 55%, 75%, and 90%
for 10, 30, and 40 vol% of ethanol, isopropanol, and
acetonitrile, respectively. When amounts of precursors
are reduced from 30 to 20 or 5 Pg, labeling yields
(exempli ed for 68Ga-DOTATATE) are higher for 30
vol% isopropanol or ethanol mixtures by factors of about
2, 3, and 5, respectively, which represent signi cantly
increased speci c activities. There is clear experimental
evidence, that mixtures of aqueous  non-aqueous
solvents signi cantly improve M (III) radiometal labeling
ef cacies in terms of temperature, time and concentration.
The most probable explanation is the perturbation of
the hydration sphere of the central cation, which allows
easier access to complex formation with the ligands
present. These effects may facilitate radiometal M (III)
labeling. All the three reaction parameters investigated
(temperature, reaction period, precursor concentration)
bene t signi cantly from the addition of a non-aqueous
solvent. In the context of human application of the labeled
compounds, ethanol is the most relevant one.
P-31

3XULÀFDWLRQRI*D(OXDWH8VLQJ
Ion Exchange and Solvent Extraction
Methods: Comparisons of the
4XDOLWLHVRIWKH3XULÀHG*D
Eluate
Malay Kanti Das, Sankha Chattopadhyay, Md.
Alam Nayer, Madhusmita, Sujata Saha Das,
Luna Barua
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Radiopharmaceuticals Laboratory, Board of Radiation and
Isotope Technology (BRIT), Variable Energy Cyclotron
Centre (VECC), Kolkata – 700 064, India
Aim: Ge/ Ga generators provide cyclotron
independent access to Positron emission tomography
(PET)-radiopharmaceuticals. 68Ga is a short-lived positron
emitter (half-life 67.6 min) and is generated by decay of
its parent 68Ge, which has a half-life of 270.8 days. Elutes
from most of the commercially available 68Ge/68Ga
generators have low radioactive concentration of 68Ga,
high acid concentration and traces of metals contaminant.
Therefore, post-elution concentration and puri cation of
the generator elute is required. In this paper, the results of
puri cation of primary generator eluate by using different
methods will be presented.
Materials and Methods: In our present study, we have
produced 68Ge through irradiation of natural zinc target
using D beam of variable energy cyclotron, VECC,
Kolkata. 68Ge/68Ga generator was made by using SnO2
(produced in our laboratory) column. 68Ga elutions
were caried out with 4ml 1N HCl (iron-free). Generator
eluates were puri ed by following methods: 1) Using a
cation exchange column, primary eluate from generator
is passed through the Dowex-50 column, 68Ga is retained
on the column. The column was then washed with
0.1N HCl and 80% acetone: 0.05M HCl to remove all
metallic impurities. Then 68Ga was eluted from the cation
exchange resin with 1 ml 4N HCl. The eluate obtained
from the resin column was evaporated to dryness to
remove HCl. 68Ga activity can be taken up in 1 ml of
sodium acetate buffer, 2) by solvent extraction using a)
diethyl ether and b) Methyl ethyl ketone (MEK). Extent of
68
Ge (breakthrough from column) and co-produced 65Zn
removal by the puri cation processes were determined
by gamma spectrometry using high-purity germanium
detectors (HPGe) detector.
Results: 1) Puri cation and recovery of 68Ga by using a
small Dowex -50 resin column: pH of the puri ed Ga-68
was 6-7. Average recovery yield of 68Ga was 90% (n 50).
68
Ge and 65Zn contents were 0.0008% and 0.00002%
of 68Ga activity. Final 68Ga activity can be taken up in
1 ml of the buffer. 2a) Puri cation of 68Ga by solvent
extraction using ether: Average recovery yield of 68Ga
was 88% (n 12). pH of the nal solution was 6.0. 68Ge
and 65Zn contents were 0.004% and 0.000008% of 68Ga
activity. 2b) Puri cation and recovery of 68Ga by solvent
extraction using MEK: Average recovery yield of 68Ga
was 80% (n 11). 68Ge and 65Zn contents were 0.0042%
and 0.00002% of 68Ga activity.
Summary: The purification of 68Ga eluate from a
SnO2 based column 68Ge-68Ga generator, developed
in our laboratory, was studied by following various
methodologies. Puri cation using cation exchange resin
leads to a high quality eluate suitable for radiolabeling
of biomolecule.
68
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Quick, Cost Effective and Reliable
Synthesis of Ga-68 DOTATE Using
Manual Synthesis Module
Nitasha, Jaya Shukla, B. R. Mittal,
Rakhi Vatsa, Baljinder Singh
Department of Nuclear Medicine, PGIMER, Chandigarh,
India
Aim: To study the quality control parameters of
manually synthesized Ga-68 DOTATATE.
Materials and Methods: Ga-68 DOTATATE was
synthesized by using 68Ge/68Ga generator (ITG) and
lead shielded manual labeling module (IQs® Fluidic
Labeling Module). The peptide (DOTATATE) was
pushed from a syringe to the reactor followed by elution
of Ga-68 from Ga-generator with 0.05N HCL. The
solution was heated for 10 min and then transferred to
the waste vial after passing through a C-18 cartridge,
preconditioned with 5 ml ethanol and 10 ml water.
The labeled peptide from C-18 cartridge was eluted
with 30% ethanol and delivered via hydrophobic lter
(0.22 P) attached to a product vial. The total synthesis
time was 15 min. Instant Thin Layer Chromatography
(ITLC) of Ga-68 DOTATATE was performed using
sodium citrate as a mobile phase to assess radiochemical
purity. pH of each batch was checked with pH paper.
Twenty- ve samples (n 25) of Ga-68 DOTATATE were
randomly selected for other quality control parameters.
The half-life (t1/2) determination was done to assess
radionuclide purity by recording radioactivity after
every 10-minute and spectrometry using multichannel
analyzer. The chemical purity was checked by gas
chromatography using ethanol (4000 ppm) as a
standard. All the samples were incubated in Reinforced
Clostridial Medium (RCM) broth at 37 C for 7 days to
determine the sterility. Bacterial endotoxin test (BET)
was performed by LAL kit.
Results and Discussion: The half-life of Ga-68 calculated
with all Ga-68 DOTATATE samples were 68 minutes.
The radiochemical purity of Ga-68 DOTATATE samples
were 100% as single peak was observed in ITLC scanner
and Rf of Ga-68 DOTATATE samples were in the range
of 0.11 to 0.243. pH of all samples was between 6 and
6.5. Spectra of Ga-68 DOTATATE did not show Ge
breakthrough. The concentration of ethanol in Ga-68
DOTATATE was between 190 and 294 ppm. The samples
did not demonstrate formation of gel in BET thus
indicating that the samples were free from pyrogens.
The samples were sterile as no growth was observed
even after seven days incubation in RCM broth at 37 C.
Summary: The quality control parameters of this study
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con rmed that the Ga-68 DOTATATE synthesized in
manual synthesis module is quick, cost effective and
safe for patients’ use.
P-33

In vivo and in vitro Assay of the
Small Labeled Peptide in Nuclear
Medicine
Parviz Ashtari, Fatemeh Keshavarzi
Department of Biology, Sanandaj Branch, Islamic Azad
University, Iran, Sanandaj. 2-Agriculture, Medicine and
Industrial Research School, Rajayee Shahr, Karaj, Iran
During the last three decades, the investigators in
nuclear medicine have focused on monoclonal antibodies
(MAbs) which are potentially ideal agents for a variety
of applications in both benign and malignant disorders.
Because of the importance and application of the labeled
peptides in multiple areas of the nuclear medicine, the
introduction, development, and optimization of the
new methodologies for labeling of the peptides using
18-F and 125-I radio-nucleotides has received great
importance. The N-formyl-Met-Leu-Phe (FMLF) is a
chemotactic peptide and bacterial product, which could
bind to polymorph nuclear leukocytes and mononuclear
macrophages via cell membrane receptors. The binding of
the peptide and other synthetic analogues would initiates
leukocyte chemo taxis. Radiolabeled analogues could
help us to understand the mechanism and effect of the
peptide. In this study, the main goal is the optimization
of the synthesis condition, quality control, in vitro and
in vivo evaluation of 125-I radiopharmaceuticals based
on the mentioned peptides. For this, the selective
labeling procedures with prosthetic groups are useful.
Furthermore, the study contains the fate of the label,
stability in vivo, biodistribution, and pharmacokinetics in

rodents and cell. The peptides such as FMLF do not lend
for direct labeling using of the Chloromine-T. Therefore,
their labeling must be considered in directed method.
Hence, the labeling of FMLF was performed satisfactorily
via [125-I] and [131-I] N-succinimidyl 3-indobenzoate
(SIB) at pH 8.5. With increasing of the pH, yield of
labeled FMLF decreased perhaps because of interaction
of the hydroxyl to carboxyl group of SIB, which results
to miodobenzoic acid. In addition, biological studies
of the labeled FMLF caused the low uptake of thyroid
and increasing at urine and bladder. This effect could
be explained, because of FMLF molecular weight is low
in comparison to other peptides and for this reason this
molecule could pass from blood to urine.
P-34

NODAGA and DOTA-Flurpiridaz
Derivatives for Myocardial Perfusion
Imaging with 68Ga
Verena Nagel, Frank Rösch
Institute of Nuclear Chemistry, Johannes Gutenberg
University Mainz, Fritz-Strassmann Weg 2, 55128 Mainz,
Germany
Aim of the Study: Myocardial perfusion imaging (MPI) is
an important tool in the diagnosis of coronary heart disease.
The Single-photon emission computed tomography
(SPECT)-tracer.99mTc-Sestamibi is the gold standard now.
Due to a better resolution and the possibility of quantifying
myocardial perfusion the Positron emission tomography
(PET)-tracers 15H2O, 82RbCl, and 13NH3 are also used as
ow agents in clinics. Their application is limited by the
short half-life and the necessity of a cyclotron near-by. The
suitability of 18F-Flurpiridaz as a new MPI-agent has been
shown already. The radiolabeled insecticide is a pyridaben
derivative and acts a mitochondrial complex (MC) I

Figure 1: Synthesis of NODAGA and DOTA pyridaben derivatives
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b

Figure 2: (a) Optimized labeling conditions using 400 PL Ga-eluate, 400 PL HEPES buffer (277 mg in 8 mL 0, 1 M HCl) and X PL precursor
(1mg/ml); (b) Stability of 68Ga-derivatives in human serum at 37°C during 120 min
68

inhibitor. As mitochondria are the powerhouse of cells,
the heart with its high-energy demand exhibits therefore
a high amount of them. Thus, 18F-Flurpiridaz accumulates
selectively in in the myocardium. Its uptake and tissue
to non-target organ ratio is superior to 99mTc-Sestamibi.
Several animal studies proofed the ability of imaging
ischemic tissue in rats and mice. The ideal behavior of
18
F-Flurpiridaz as MPI-agent prompts the development
of a correspondent derivative for the generator-produced
PET nuclide gallium-68 for easier availability. Therefore,
pyridaben derivatives as targeting vectors have been
attached to the established chelators NODAGA and 1,
4, 7, 10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic acid
(DOTA).
Materials and Methods: Several amino-pyridaben
derivatives with a variation in the length of the spacer
have been synthesized and coupled to NODAGA-NHS
and DOTA-NHS.
The cold 69, 71Ga-complexes have been made for all
compounds. Labeling optimization for pH, temperature,
and amount of precursor has been performed. Challenge
experiments have been started.
Results: Four NODAGA and DOTA-pyridaben
derivatives as new MPI-agents have been successfully
synthezised. 68Ga-labeling is possible with a low amount
of precursor. The 68Ga-labeled compounds are stable in
human serum, transferrin, NaCl and towards Fe and
transferrin [Figures 1 and 2].
Outlook: Final stability studies and determination of
the compounds’ lipophilicity are present work. The
cold complexes are tested for their af nity towards MC
I. Mirco-PET studies in rats will be accomplished soon.
P-35

In vivo PET Screening of Different
68
Ga Schiff Base Amines for
Myocardial Imaging
76

Melanie Zimny1, Nicole Bausbacher4,
Barbara Biesalski2, Oliver Thews3,
Frank Roesch1
1

Nuclear Chemisty, 2Physiology, 4Nuklear Medicine, Univ.
Mainz, Mainz, 3Pathophysiology, Martin-Luther-University,
Halle-Wittenberg, Germany

Aim of the Study: This study compared nine different
Schiff base amines derived from three different
tetraamino backbones for their use in in vivo Positron
emission tomography (PET) myocardial imaging.
Coronary artery disease (CAD) is the most common
cause of death in industrial nations. Myocardial
perfusion imaging with the Single-photon emission
computed tomography (SPECT) 99mTc-tracers sestamibi
(Cardiolite) and tetrofosmin (Myoview) as well as
201
Tl is performed to discriminate between scarred,
hibernating, and vital myocardial tissue. It is of
great interest to develop a 68Ga-based myocardial
radiopharmaceutical to improve image quality due
to PET technique, while maintaining the great access
and high myocardial uptake of the established SPECT
99m
Tc-based radiopharmaceuticals.
Materials and Method: Different aldehydes were coupled
with three different tetra-amino backbones and labeled with
68
Ga to form monocationic bis (salicylaldimine) derivatives.
Puri cation, if necessary, was achieved by solid phase
extraction (SPE). The positive nature of the tracer was
proven by high voltage paper electrophoreses. Stability
tests and determination of lipophilicity were performed.
Dynamic in vivo P-PET imaging in rats was performed
for all tracers over 60 min. Ex vivo biodistribution was
performed with most promising tracers and compared to
99m
Tc-sestamibi as well as 18F-Flurpiridaz.
Results: All ligands were synthesized and effectively
labeled with 68Ga in high radiochemical yields (RCY)
(t80%). If necessary SPE was performed to obtaint99%
purity. Lipophilicity ranged from 0.87-2.49. P-PET
imaging in rats demonstrated an uptake in the heart of

World Journal of Nuclear Medicine/Vol 12/Supplement 1/February 2013

Abstracts

up to a SUV of three. Biodistribution studies revealed
high myocardial uptake (!2%) and better heart to liver
ratios than the established radiotracer 99mTc-sestamibi.
Summary: All synthesized tracers showed high
lipophilicity while maintaining their positive charge. In
vivo P-PET imaging in rats showed a broad variance of
cardiac standardized uptake values (SUVs). Best SUVs
ranged about three. Ex vivo biodistribution studies
support PET data that Schiff base tracers might be useful
as myocardial imaging agents.

kidneys and liver after 4 h of post injection as compared
to control, which shows accumulation in kidney and liver
even after 1 h post injection.
Summary: 68Ga-Deferoxamine-Cysteine, a potential
radiopharmaceutical agent that can be used for
non-invasive tumor imaging. Deferoxamine-Cysteine
shown high uptake in tumor site and cleared out of the
body through renal route.

P-36

A Novel Bifunctional Macrocyclic
Chelator for Improved Labeling of
Biovectors with Gallium-68

Ga-Deferoxamine-Cysteine, a
Potential Radiopharmaceutical for
Tumor Imaging
68

Virendra K. Meena, Puja P. Hazari,
Harleen Kaur, Ambika Parmar, Anil K Mishra
Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences,
Brig. S. K. Maunder Margi, Lucknow Road, Timarpur,
New Delhi - 54, India
Aim of Study: Most commonly, tumors have high uptake
of amino acids for their growth and proliferation as
compared to their non-cancerous tissues. This property
of tumors could be exploited for their early detection
through magnetic resonance imaging (MRI) and Positron
emission tomography (PET)-based non-invasive imaging
techniques. Deferoxamine, this chelator system is
conjugated with Cysteine molecule, which have high
tumor uptake. We hypothesized that non-invasive
diagnostic imaging might be feasible using 68Ga labeled
Deferoxamine-Cysteine conjugate.
Materials and Methods: Synthesis of
Deferoxamine-Cysteine was done in two steps: - 1)
Firstly activating the Cysteine carboxyl group with
NHS (N-hydroxysuccinimide) to form Cysteine-NHS in
presence of DCC (Dicyclohexylcarbodiimide). In the second
step, the Cysteine-NHS was subjected to cleavage and
formation of amide bond with the Deferoxamine to form
Deferoxamine-Cysteine in presence of a base at 50°C. Further
puri ed through HPLC and radiolabeled with 68Ga in 0.1M
Na-Citrate buffer (pH-6). 68Ga-Deferoxamine-Cysteine were
injected in BALB/c (U-87MG cells) tumor bearing mice
intravenously through tail vein. Imagings were done after
time interval of 1 h, 2 h, and 4 h post injection.
Results: The agent prepared was fully characterized by
1H Nuclear Magnetic Resonance (NMR), 1C NMR and
Mass spectroscopic techniques. Radiolabeling of the
conjugate with 68Ga was done with (!96%) purit Imaging
of BALB/c (U-87MG cells) tumor bearing mice have
shown high uptake of the conjugate to tumor site up to 2
h of post injection, and accumulation of this conjugate in
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Surbhi Prakash, Puja P. Hazari, Harleen Kaur,
Viren K. Meena, Anil K Mishra
Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences,
Brig. S. K. Mazumdar Marg, Lucknow Road, Timarpur,
New Delhi - 54, India
Aim of the Study: Radiolabeled compounds for imaging
tumors are of increasing interest in nuclear oncology,
especially positron emission tomography (PET) because
of its high resolution. Among these, 68Ga is an emerging
alternative because it can be easily produced from
generator. Presenting here synthesis of a novel macrocyclic
bifunctional system useful for 68Ga radiolabeling based
on dioxodiacetate groups, which can be exploited with
various biovectors for targeting different processes,
involved in cancer cell proliferation during tumor growth.
Materials and Methods: The synthesis of 2,
2’-(12-isothiocynato-11, 13-dioxo-1, 4, 7, 10tetraazacyclotridecane-4, 7-diyl) diacetic acid
(NCS-DODAT) involves the formation of a macrocycle
by condensation of diethyl (amino) malonate with
triethylenetetramine. It was then reacted with
ter-butylbromoacetate, which upon Trifluoroacetic
acid (TFA) cleavage gave free amine along with two
carboxylate groups. The amine group was converted into
isothiocyanate, which can be put to further functionalization
with various biomolecules. Cold labeling of the compound
was done and optimized with GaCl3.3H2O. Then 68Ga
radiolabeling was performed using 68Ge/68Ga generator.
Radio-High-performance liquid chromatography
(HPLC) was done for the puri cation and analysis of
radiolabeled compound. Cytotoxicity was determined
using the MTT assay ((3-(4, 5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide) was performed to check
cell toxicity and serum stability studies were performed
using 68Ga labeled chelating system.
Result: All the intermediates and the nal compound
have been successfully characterized by Nuclear
Magnetic Resonance (NMR) and Mass Spectrometry.
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Gallium labeling was optimized and 80-86% radiolabeling
ef ciency was obtained. Radiocomplex was puri ed
with HPLC and exhibited sufficient stability under
physiological condition.
Summary: A new bifunctional chelating agent for 68Ga
radiolabeling has been synthesized which can be used
for attachment with various biovectors and as potential
PET imaging agents. The chelate possesses high stability
in biological environment and shows good radiolabeling
yield with 68Ga.
P-38

Optimisation of Labeling Conditions
for Bone Marrow Derived Stem
Cells When Labeled with PET Tracer
18
F- FDG
Vikas Sood, Bhagwant R. Mittal,
Baljinder Singh, Anil Bhansali,
Neelam Marwaha

P-39

Post Graduate Institute of Medical Education and Research,
Chandigarh, India
Aim of the Study: Bone marrow derived stem cells
have promising potential in regenerative medicine.
The use of labeled stem cells in preclinical and clinical
studies is in its nascent stages, and hence, the procedure
needs standardisation. Our objective is to examine
the feasibility of labeling stem cells with uorine-18
uorodeoxyglucose (F-18 FDG), study factors affecting
labeling ef ciency and optimize labeling conditions.
Materials and Methods: Bone marrow aspirate was taken
from the iliac crest of patients. Bone marrow mononuclear
cells were separated and puri ed using centrifugation.
These cells were then labeled with positron emission
tomography (PET) tracer F18-FDG. The parameters
evaluated were (i) density of stem cells, (ii) time delay
between labeling and administration, (iii) medium, (iv)
pH, (v) incubation temperature, (vi) time of incubation,
(vii) speed of centrifugation, and (viii) intermittent swirling
requirements. Each parameter was evaluated by repeating
the test six times. Mean and standard deviation were
calculated for these parameters and results were analysed.
Results: Results for labeling ef ciency are tabulated
below:
Parameter
Viability of cells
Density of stem cells
Time delay between labeling
and administration
Medium
pH
Incubation temperature
Time of incubation
Speed of centrifugation
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Optimum condition

!90%
25u107 cells in 4 ml suspension
1 hr
Normal Saline
7
370 C
40 min
1, 800 rpm

Summary: Labeling ef ciency decreased with decrease in
cell numbers and increased with increase in cell numbers.
Leeching of radioactivity was directly proportional to
the time delay between labeling and administration.
Between Normal Saline and Phosphate Buffer Saline,
Normal Saline was found to be the better labeling media.
An incubation time of 30-40 min was found to be optimal.
Centrifugation speeds above 1, 800 rpm resulted in cell
damage (checked by trypan blue assay when cells were
centrifuged at 2, 700 rpm) and at 900 rpm, there was
poor separation of cells with concomitant decreased
labeling ef ciency. As a thumb rule, the in vitro labeling
conditions should mimic the physiological conditions as
closely as possible. A critical mass of cells of more than
25u107 is essential for achieving good labeling ef ciency
(in excess of 55%). In addition, intermittent swirling of
suspension is required for good labeling of stem cells.
Omission of this step leads to decrease in labeling
ef ciency (on an average) up to 30 percentage points.

Molecular Imaging of Prostate Cancer
Using a New 68Ga Labeled Peptide
$QFKDO*KDL-RKQ/D¿Q%DOMLQGHU6LQJK1,
Michael K. Schultz
Radiochemistry Program, Department of Radiology,
University of Iowa, Iowa, USA, 1Post Graduate Institute of
Medical Education and Research, Chandigarh, India
Aim: To optimize the radiolabeling of a 1, 4, 7,
10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic acid
(DOTA)-conjugated, Prostate-speci c membrane antigen
(PSMA)-targeted small molecule with Gallium-68 (68Ga).
Introduction: Prostate cancer is second most common
cancer in men worldwide. Molecular imaging could play an
important role in treatment of prostate cancer patients, but
the effectiveness of current imaging modalities for prostate
cancer is controversial and new approaches are urgently
needed. PSMA is a prostate-cancer-cell-speci c cell-surface
protein that represents a promising target for new
molecular agents for prostate cancer imaging. In this study,
the PSMA targeted ligand 2-[3-(1, 3-dicarboxypropyl)
ureido] pentanedioic acid (DUPA) peptide was conjugated
to DOTA molecule and a technique to radiolabel this
DOTA-DUPA molecule was optimized.
Materials and Methods: DOTA conjugated DUPA
molecule was radiolabeled with 68Ga. Gallium 68 was
eluted from the generator using the Sodium Chloride
method (Schultz et al., Bioconj. Chem. 2012). Amount of
peptide was standardized by using various concentrations
(25 ug, 50 ug, and 100 ug) of DOTA-DUPA and the
radiolabeling ef ciency was analyzed by performing
Radio High-performance liquid chromatography
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(HPLC). C-18 puri cation was done in each case to purify
the radiolabeled peptide of residual free 68Ga.
Results: The radiolabeling efficiency of peptide at
concentration 25 ug, 50 ug, and 100 ug was found to be
86%, 91%, and 96%, respectively.
Summary and Conclusion: 100 ug of DOTA-DUPA
molecule showed maximum radiolabeling ef ciency
with 68Ga.
P-40

Synthesis of Generator Based
68
Ga-Labeled DOTANOC by an
Automated Module: 3 year Indian
Experience
Rajeev Kumar, Saroj Medhavi,
Punit Sharma, Snehlata, Madhavi Tripathi,
Anil Kumar Pandey, Rakesh Kumar,
Arun Malhotra, Chandrasekhar Bal
All India Institute of Medical Sciences, New Delhi, India
Aim of the Study: We routinely synthesize 68Ga-labeled [1,
4, 7, 10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic
acid]-1-NaI-octreotide (68Ga-DOTA-NOC) for positron
emission tomography at our centre. The aim of the
present study is to share our experience regarding
the synthesis and quality control of generator based
68
Ga-DOTA-NOC using an automated module.
Material and Methods: 68Ge/68Ga generator (Isotope
Technology Garching GMBH ITG, Germany) containing
50 mCi was eluted with 5-7 ml of 0.05M HCl. Elution
yield is ( 80%) and its chemical form is [68Ga] Gacl3
in 0.05HCl. This eluant was passed through a cation
exchange, strata X-C (Phenomenex). It removes the
impurities and preconcentrates the solution. 68Ga was
adsorbed on to the cartridge and rest passed into the
waste. A solution conventionally called N2 solution, was
used to release concentrated and puri ed 68Ga from the
strata X-C. N2 solution is mixture of Acetone, metal free
water and concentrated HCl. From Strata, X-C 68Ga comes
in to reaction vial. The reaction vial contained precursor
i.e., DOTANOC dissolved in metal free water. Now a
reaction vessel was heated at a temperature of 85 C.
The total heating time was 400 seconds. Once heating
was completed, it was cooled and diluted by adding 3
ml metal free water. Now the product was transferred
in to the t-C-18 cartridge for puri cation. From this,
cartridge product was transferred in to product vial with
the help of a solution containing mixture of Ethanol and
metal free water (1:1 ratio). Product was passed through
0.22 Pm lter. This product is diluted by adding 10 ml
normal saline. All the synthesis steps were carried out

in automated module (Modular lab, Eckert and Ziegler,
Germany). The total synthesis time is 18 to 22 minutes.
During whole procedure radiation, level was monitored
around the hot cell at all four-side wall of hot cell at
every 3 minutes. Quality control test (Clarity, pH,
Radiochemical purity) was performed. Stability was
checked by running chromatograms immediately after
the preparation and later at 1, 2, 3, and 4 hours.
Results: The maximum yield of 68Ga-DOTANOC was 18
mCi when generator was new and minimum yield was
6 mCi when generator was 7 months old. The product is
carrier free (without 68Ge). The labeled preparation was
clear with pH around 6.0. 68Ga-DOTANOC conjugate
was prepared with very high chemical purity (d99%).
There was no signi cant free 68Ga. The product was
stabile up to four hours. The whole assembly was kept
in Hot cell. Therefore, outside the hot cell radiation level
was near to background level during synthesis.
Summary: It is possible to synthesize generator based
Positron emission tomography (PET) radiotracer
68
Ga-DOTANOC with high radiochemical purity and
good stability using automated module. Since the
module is automated, no manual intervention is needed
during the synthesis. Thus, it is very safe from the
radiation safety aspect.
P-41

Ga-Labeled Cyclic Phosphonates for
PET Imaging of Skeletal Metastases:
A Preliminary Investigation

68

Sudipta Chakraborty, H. D. Sarma1,
K. V. Vimalnath, M. R. A. Pillai
1
Radiopahrmaceuticals Division, Bhabha Atomic Research
Centre, 2Radiation Biology and Health Sciences Division,
Bhabha Atomic Research Centre, Mumbai, India

Aim of the Study: Over the last several decades, 99mTc
complex of methylene diphosphonate ( 99mTc-MDP)
have been widely used as radiopharmaceutical in bone
scintigraphy. In recent years, [18F] uoride is introduced
for imaging skeletal metastasis by Positron emission
tomography (PET) and has demonstrated higher
diagnostic performance compared to 99mTc-Methylene
Diphosphonate (MDP). Despite that, a practical
challenge associated with widespread use of [ 18F]
uoride is the local cyclotron availability. This motivated
us to develop an effective agent for PET imaging of
skeletal metastases based on 68Ga. Towards this, the
macrocyclic polyaminophosphonic acids viz. 1, 4,
7-triazacyclononane-1, 4, 7-trimethylene phosphonic
acid (NOTP) and 1, 4, 7, 10-tetraazacyclododecane-1,
4, 7, 10-tetramethylene phosphonic acid (DOTMP)
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are chosen as the carrier ligands, based on the
well-documented phenomenon that macrocyclic
chelators form thermodynamically stable and kinetically
rigid complexes with several metal ions including Ga3.
Materials and Methods: Radiolabeling of NOTP and
DOTP was carried out at pH ~ 5 by adding 68GaCl3 (~185
MBq 68Ga) eluted from the generator to the ligand solutions
in 0.1M NH4OAC buffer. The yield and radiochemical
purity of the 68Ga-complexes were determined by
employing paper chromatography using ammonia:
ethanol: water (1:10:20 v/v) as the eluting solvent.
Several experiments were carried out varying reaction
parameters such as, ligand concentration, pH, incubation
time and temperature to determine the optimum protocol
for complexation. The ef cacy of the radiotracers was
ascertained in vitro by carrying out hydroxyapatite (HA)
binding study. The Biological behavior was studied by
carrying out biodistribution studies in normal wistar rats.
Results: 68Ga-DOTP complex was obtained with a
radiochemical purity of (97.8r0.5)% using 1.0 mg (1.82
mM) of DOTMP by heating the reaction mixture at 80°C
for 15 min, while (98.3 r 0.7)% radiochemical purity of
68
Ga-NOTP could be achieved on 5 min incubation at room
temperature using 0.25 mg (0.66 mM) of the ligand. HA
binding studies revealed that while 92% of 68Ga-DOTP was
bound to HA within 5 min, the binding of 68Ga-NOTP was
signi cantly lower (~57%) under similar conditions. Similar
trend was observed in the skeletal uptake of the radiotracers
in normal Wistar rats. The uptake in femur was found to
be 1.26 r 0.16 and 0.58 r 0.11 ID/g for 68Ga-DOTP and
68
Ga-NOTP complexes, respectively. The residual activity
underwent rapid urinary excretion in both the cases.
Summary: Despite having the advantages of ease of
radiolabeling and high in vitro stability, 68Ga-NOTP exhibited
poor skeletal localization, probably due to the involvement
of all three phosphonate groups in complexation, and thus,
not available for binding with bone matrix. On the other
hand, 68Ga-DOTP exhibited higher skeletal accumulation
since two of the four phosphonate groups are probably
not involved in the bonding. Overall, the skeletal uptake
exhibited by the 68Ga-complexes is lower compared to other
radiometal phosphonate complexes such as, 99mTc-MDP,
Samarium-153 ethylenediaminetetramethylene phosphonic
acid (153Sm-EDTMP), and 177Lu-DOTMP.
P-42

New Clickable Bifunctional
Chelates for 68Ga and their Labeling
Characteristics
Johanna Seeman, Bradley P. Waldron,
Frank Roesch, Tobias L. Ross
Institute of Nuclear Chemistry, Johannes
Gutenberg-University Mainz, Germany
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Aim: Chelates require several characteristics to be
suitable for application in radiopharmaceutical chemistry
and nuclear medicine. High stability in vivo and favorable
labeling characteristics are just two of them. 1, 4, 7,
10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic acid
(DOTA)-based chelates have made their way to clinical
applications during the last years. They form stable
complexes with a variety of radionuclides for diagnostics
and therapy and can often be functionalized with even
more than one targeting vector. What seems to be an
advantage concerning the choice and exibility of various
nuclides can easily switch into a disadvantage as several
metal cationic impurities can disturb the radiolabeling
process by competing with the radionuclide, even
in very low concentrations. Besides, relatively high
temperatures are required for quantitative labeling,
which hampers the use of very sensitive targeting vectors
such as antibodies or sensitive peptides. New chelates
based on the 6-[bis (hydroxycarbonylmethyl) amino]-1,
4-bis (hydroxycarbonylmethyl)-6-methylperhydro-1,
4-diazepine (AAZTA)-structure are more tailor-made to
the ionic radius of the frequently used radiometal 68Ga
and might be a rst step to improve labeling conditions
and lead to a new variety of radiopharmaceuticals in
clinical applications more specific for 68Ga. The Cu
(I)-catalyzed click cyclo addition has become a popular
tool for connecting targeting-vectors with chelates, as
it allows a highly ef cient coupling under very mild
reaction conditions and provides very high yields.
The disadvantage of using copper as a catalyst and its
in uence on the subsequent labeling with 68Ga is to be
investigated in this study.
Materials and Methods: DO3A-hexyne,
DO3A-PEG3-alkyne, DO2A-di-PEG3-alkyne and an
AAZTA-based-hexyne were synthesized in multi-step
syntheses. After puri cation and deprotection, they were
labeled with 68Ga under optimized conditions. Adding
various amounts of copper to the labeling reaction was
carried out and the effects on the labeling kinetics and
yields were investigated.
Results: We synthesized four chelates, which are
functionalized with a clickable alkyne group and
compared their labeling characteristics with 68Ga as well
as their sensitivity to copper ions in the labeling solution.
The DOTA-based chelates needed relatively harsh labeling
conditions of 95°C for 10 min at pH  4. On the other
hand, AAZTA-based-hexyne labeled already at room
temperature in 5 min at pH 4. Interestingly, we observed
an in uence of the molecular structure of the spacer/linker
on the radiolabeling. In uence of copper: all chelates were
massively in uenced by the presence of copper in the
labeling solutions. As expected, high copper concentration
inhibited a suf cient 68Ga-labeling completely.
Summary: DOTA-based chelates are very exible in
terms of functionalization and applicable radionuclides.
However, the harsh reaction conditions and sensitivity
to copper impurities make them less ideal for certain
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applications such as Cu (I)-catalyzed click chemistry. The
spacer unit seems to have an effect on labeling ef ciency.
AAZTA-based ligands show fast complexation at
mild conditions. The sensitivity to copper is similar
to the examined DOTA-compounds at high copper
concentrations.
P-43

Application of Combined
Cation-Anion Exchange Processes
in Mixed Media for Preparation
RI+LJK3XULÀHG68Ga Solutions:
Comparison of HCl-Acetone and
HCl-Ethanol Media
A. Larenkov, E. I. Lesyk, A. B. Bruskin,
G. E. Kodina
Burnasyan Federal Medical Biophysical Center, Moscow,
Russia
Now, the use of radiopharmaceuticals (RPs) based on
68
Ga are becoming increasingly common. Their diagnostic
potential is dif cult to overestimate. Chemical form of
68
Ga in the eluate of the 68Ge/68Ga generator, theoretically
means, that it can be directly used as universal sour e
of 68Ga for RPs synthesis, provided the availability of a
suitable chelating agent. One of the main problems of
the 68Ge/68Ga generator, after a long experience of its
application in various research groups, is the presence
of non-isotopic carrier (impurities) in the eluate of the
generator. The parent radionuclide leakage is also an
important disadvantage. It is well known that the presence
of metal cations impurities (mainly Fe3+) in the eluate may
adversely affect the labeling reaction yield. One way to
solve this problem is the synthesis of new selective to
Ga3+, bifunctional chelating agents and special conditions
for labeling reaction (such as microwave heating). On the
other hand, procedure of conditioning (puri cation and
concentration) of the generator eluate before the labeling
reaction can also be very helpful. In addition, because
of the rather large volume of eluate (5-10 mL), for the
synthesis of 68Ga-labeled compounds with a high speci c
activity, the concentration of activity in small volumes
is necessary. To date, the literature describes several
methods of eluate puri cation and concentration, which
were successfully applied by various research groups. In
FMBC two methods for puri cation and concentration of
gallium are developed. Both of these methods are based
on combined cation-anion exchange. In both processes,
68
Ga from the generator eluate is quantitatively sorbed on
strong cation-exchange resin (e.g. Dowex 50Wu8). After
that, the resin is washed with the mixture of hydrochloric

acid and an organic solvent with the speci c molar ratio at
which 68Ga is not eluted from the resin. After washing, 68Ga
is selectively eluted from the cation-exchange resin with
a mixture of hydrochloric acid and organic solvent with
the molar ratio different from previous one. At the same
time, 68Ga is sorbed on the strong anion-exchange resin
(e.g. Dowex 1u8). Anion-exchange resin was washed with
ethanol for fast and complete removing of hydrochloric
acid traces and/or organic solvent and then dried with
air or inert gas for complete removing of ethanol traces.
After that 68Ga was quantitatively eluted from the
anion-exchange resin with 0.02-0.1M hydrochloric acid.
Acetone and ethanol were studied as organic solvent.
Quantitative analysis shows high degree of puri cation
from nonisotopic carriers and parent radionuclide, when
using speci c molar ratio of hydrochloric acid and one of
these solvents. After two big series of experiments best
ratios HCl-acetone and HCl-ethanol were found. These
conditions allow obtaining 68Ga solution of high quality.
Obtaining of 68Ga in a form of 0.02-0.1M hydrochloric acid
solution without any organic solvent would make usage
of freeze-dried precursor compositions for 68Ga-RPs very
fast and easy. The 68Ga distribution coef cients obtained
and the dynamic conditions found show, that 68Ga ion
exchange in media HCl-CH3C (O) CH3 and HCl-C2H5
is very similar.
The only one disadvantage of using acetone-hydrochloric
acid-water is the condensation process
(acetone-hydrochloric acid interaction) with formation
of mesityl oxide, which results in a short shelf life of the
working solutions and prevents to the creation of single-use
kit. In the context of chemistry, it is more easily to make
a single-use kit with ethanol as an organic solvent. These
two technologies have been successfully used to label a
variety of BCA-conjugated biomolecules (DOTA-TATE,
DOTA-TOC, DOTA-Afp7, DOTA-lysine-octreotide, etc.).
In present, Federal Medical-Biological Centre (FMBC)
together with Positom-Pro Ltd. (Moscow, Russian
Federation) is developing the synthesis module based on
combined cation-anion exchange technology.
P-44

Production of Ga 68 DOTA-Peptide
using Manual Labeling system and
Ge68/Ga68 Generator-ITG – Initial
Indian Experience of 150 Runs
Atul Gada, Giri Prasad, Y. Mahita,
Praveen, N. Rao, Swaroopa N. Kavitha Reddy,
Jyotsna Rao, Alka C., M. Mansoor,
Prathyusha, Saurav M., Jyotsna
Apollo Gleneagles PET-CT and CYCLOTRON Centre
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Aim/Objective: To evaluate, establish and standardize
68
Ga–1, 4, 7, 10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic
acid (DOTA)-peptide synthesis and assess effectiveness
of uidic system module integrated to generator.
Introduction: Recently Ga-68-labeled Tracers have
major clinical impact compared to 99mTc and In111 labeled
radiopharmaceuticals in imaging of neuroendocrine
tumors. Providing high quality PET images, which can
be produced onsite, independent of cyclotron.
Materials and Methods: First Peptide and 0.05M sodium
acetate buffer are sent in Preheated Reactor followed
by elution of generator in 1 MNT using 0.05M HCL
into reactor. Ga68 from generator eluate binds to DOTA
chelator, which is coupled to peptide. After incubation
time (10 MNT) the reaction mixture is passed over silica
cartridge to hold and separate labeled 68Ga-peptide.
Non-labeled ions viz. Ga68, Ge68 passed over cartridge
and are washed to waste. After separation, labeled
product is eluted from reverse phase cartridge with
ethanol and sent for puri cation via sterile lter. PH
and Radiochemical purities were checked (Thin Layer
Chromatography (TLC)). Time-Activity audit was
carried out and yields were calculated.
Results and Conclusion: Manual system setup is
ef cient and reliable in synthesis with over all Yield
of about 65-70% in average run time of 30 minutes.
Radiochemical purity (RCP) ! 97% and average pH 4.3.
pH plays important role in labeling and should be
maintained in a narrow range. It provides for built in
feature of pre-puri cation and concentration of Ga-68
eluate. Existing integrated Design features provides for
reduced loss due to sticking of reagents and precious
peptide, radiation shielding, compact size, ease of
handling, maintenance, and troubleshooting.
P-45

Chelators Highly Selective for Ga-68
and the Practical Consequences
Thereof
-DNXEâLPHþHN+DQV-UJHQ:HVWHU
Johannes Notni
Pharmaceutical Radiochemistry, Technical University
Munich, Munich, Germany
Aim: 1, 4, 7, 10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic
acid (DOTA) and 1, 4, 7-triazacyclononane triacetic
acid (NOTA)-like chelator conjugates are utilized for
complexation of 68Ga3+. To overcome the typical limitations
as labeling at elevated temperatures, low complexation
kinetics, high precursor amounts or the necessity
of 68Ge/ 68Ga eluate processing because of metallic
impurities responsible for suboptimal labeling yields, we
82

developed series of triazacyclononane-based phosphinic
acid derivatives 1, 4, 7-triazacyclononane-1-[methyl
(2-carboxyethyl) phosphinic acid]-4, 7-bis[methyl
(2-hydroxymethyl) phosphinic acid] (NOPO) and (1, 4,
7-triazacyclononane-1, 4, 7-tris[methylene (2-carboxyethyl)
phosphinic acid] (TRAP). Here, we report on their unique
characteristics, i.e., their selectivity and its consequences
for routine preparation of 68Ga-radiopharmaceuticals.
Materials and Methods: DOTA, NOTA, TRAP, NOPO
and corresponding peptidic conjugates were labeled
with fractionated eluate from the 68Ge/68Ga generator
with SnO2 matrix (iThemba Labs, SA) manually as
well as in fully automated GMP-compliant procedure
using a fully automated module (from SCINTOMICS,
Germany). Labeling with the eluate from different
generators was compared. The experiments were
carried out at pH 1.8–3.3 reached by addition of
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) (aq). To evaluate the selectivity for 68Ga3+, the
chelators/conjugates were labeled also in presence of
Zn2+, Fe3+, Cu2+, Al3+, SnIV, TiIV, and 68GeIV chlorides of
concentrations up to 30 mM.
Results: Labeling ef ciency at r.t. and 95°C in manual
as well as in automated mode showed the trend
NOPO ~ TRAP >> NOTA ! DOTA. The results were
comparable for free chelators as well as the conjugates.
While NOPO and TRAP tolerated high molar excess of
the aforementioned added metal salts, labeling of NOTA
and DOTA was found to be sensitive towards the metals,
i.e., Fe3+and Zn2+. In contrast, NOPO and TRAP showed
superior selectivity for 68Ga3+. This was demonstrated in
an impressive manner by labeling of the Zn (II) chelates
of TRAP and NOPO, which resulted in better labeling
yields of these Zn2-chalates in comparison to labeling of
free NOTA and DOTA chelators. As daughter of 68Ga3+,
Zn2was shown to be a critical cation, disturbing mainly
the labeling of NOTA. Thus, TRAP and its analogue
NOPO (for mono-conjugation of a peptide) well deserves
its name as Gallium-TRAP. The presented data support the
reasons for eluate post-processing or generator pre-elution
prior to labeling of NODAGA- or DOTA-like conjugates.
Additionally, different eluate processing methods were
applied. When fractionated elution protocols were
applied, an increased amount of peptide can compensate
for the effect of metal contaminations. In contrast, eluate
pur cation strategies, such as the anionic and cationic
adsorption method with NaCl/HCl cartridge elution seem
to be the methods of choice. At the same time, labeling
of5 Pg TRAP (RGD) 3 (RGD-Arginine (R), Glycine (G),
and Aspartic acid) was quantitative, irrespective whether
or not a puri cation strategy or fractionated process was
used. Even 0.1 Pg of TRAP (RGD) 3 or NOPO-c (RGDfK)
were labeled with 75% yield.
Summary: The selectivity of a chelator for 68Ga3+plays
the seminal role for highly ef cient and reproducible
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labeling procedures. 68Ga 3+ labeling of NOPO- or
TRAP-bioconjugates is not in uenced by the presence
of metal contaminations, thus, ensuring robust and
highly ef cient synthesis and high speci c activity of
corresponding 68Ga-radiopharmaceuticals. Therefore,
we recommend the use of NOPO for preparation and
development of 68Ga-monoconjugates, and TRAP for
preparation of multimeric and/or bimodal probes based
on 68Ga.
P-46

Radiolabeling of DOTATATE with 68Ga
via Single Vial Kit Method Suitable
with Commercial Generator
Aruna Korde, Archana Mukherjee, H. D.
Sarma, Grace Samuel, M. R. A. Pillai
Bhabha Atomic Research Centre, Mumbai , India
Introduction: Radiolabeled somatostatin analogues
have been successfully used for imaging and
radiotherapy of different types of neuroendocrine
tumors. Among various somatostatin analogues,
Tyr3-Thre8-octreotide (TATE) binds to somatostatin
receptor subtypes 2 and 5 with high affinity.
Conjugation of peptides with BFCA such as DOTA
not only makes it feasible to radiolabel with suitable
therapeutic and diagnostic radionuclides, but also
impart superior pharmacokinetic properties. We report
here the preparation of a cold kit for formulation of
68
Ga-DOTATATE, which is compatible to be used
with commercially available generator based on SnO2
sorbent material.
Materials and Methods: Two different buffer
formulations namely ammonium acetate and
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) containing 30 Pg of DOTATATE per kit vial
were prepared and freeze-dried. The kit was evaluated
for radiolabeling with 68Ga. 68Ge/68Ga generator was
obtained from iThemba labs, South Africa. The generator
was eluted with 1 ml of 0.1 N HCL and puri ed by
passing through commercial ion exchange column.
The puri ed 68Ga was nally eluted in 98% acetone
in HCL in concentrated form of 0.5 ml. The kit vial
was reconstituted with 0.5 ml water and puri ed 68Ga
was added directly into reconstituted kit vial. The
reaction parameters such as time and temperature were
standardized. The yield of reaction was determined
by Instant Thin Layer Chromatography (ITLC). The
product was purified using solid phase extraction
(SPE) cartridge. Semi automated set up was made for
elution, post elution purification and radiolabeling
reaction. The product was characterized using analytical

High-performance liquid chromatography (HPLC).
68
Ga-DOTATATE was evaluated for pharmacokinetics
and in-vivo speci city in Swiss mice and in Nude mice
bearing somatostatin receptor (SSTR) expressing human
colon cancer tumors.
Results: Cold kit of DOTATATE was radiolabeled
with 68 Ga eluted from SnO2 based commercially
available generator. 71 r 4% of generator eluted
activity was obtained after post column puri cation in
0.5 ml of 98% acetone/0.05M HCl. The radiolabeling
yield ! 95% as determined by two ITLC solvent
systems. Radiochemical purity ! 96% as per HPLC
with radioactive peak at Rt around 17 min. The kit was
stable when studied over a period of three months.
The formulation using HEPES buffer was found to be
superior to that of ammonium acetate for consistency
in radiolabeling yields with time. The bio-distribution
studies in nude mice bearing tumors exhibited
3.78r0.96 ID/g of tumor tissue, !70% injected activity
was found to be excreted within 2 h p.i.
Summary: The developed cold kit of DOTATATE
is suitable to be used with commercially available
68
Ge/68Ga generator for preparation of 68Ga-DOTATATE
with high radiolabeling yields and purity.
P-47

Synthesis and Biological Evaluation
of Macrocyclic DO3A-ATR-68Ga:
A Potential Probe for PET Imaging
Anupriya Adhikari, Anupama Datta,
Kanchan Chauhan, K. Ganesh Kadiyala,
Abha Shukla, Krishna Chuttani,
Anil K. Mishra
Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences, DRDO,
Delhi, India
Aim: Positron emission tomography (PET) with positron
emitter 68Ga-based imaging probe is an upcoming
eld in molecular imaging as the radionuclide 68Ga is
instantaneously available via the 68Ge/68Ga radionuclide
generator, have half-life of 67.7 min and a positron
abundance of 89% making it suitable for PET imaging.
Anthraquinone-based compounds are known for their
prominent position in cancer chemotherapy. They
act at the duplex deoxy ribonucleic acid (DNA) level
through stabilization of ternary complex with DNA
topoisomerase ,,. Their mode of action relates to their
ability of damaging the nucleic acid thereby inducing cell
death. It has been known that telomerase activity is high
in tumor cells than other somatic cells, thus tumor cells
have an almost in nite capacity to divide, and hence, can
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be immortalized. Many amino anthraquinone derivatives
are reported of having telomerase inhibiting activity.
Herein, the objective is to develop a new bi-functional
chelating agent based on DO3A for labeling 68Ga and
conjugate it with anthraquinone derivative to synthesize
DO3A based anthraquinone derivative for imaging with
application in PET.
Materials and Methods: This work describes the potential
of 68Ga-{4, 7-bis-carboxymethyl-10-[(9, 10-dioxo-9,
10-dihydro-anthracen-1-ylcarbamoyl)-methyl]-1, 4, 7,
10tetraaza-cyclododec-1-yl}-acetic acid/DO3A-ATR as
diagnostic pharmaceutical by evaluating its deposition
in cancerous tissues after the synthesis and radiolabeling
with 68Ga. 1, 4, 7, 10-tetraazacyclododecane was converted
to tris (t-butyl) ester of 1, 4, 7-tris (carboxymethyl)-1, 4,
7, 10-tetraazacyclododecane. Fourth un-substituted
arm was bound with 2-chloro-N-(9, 10-dioxo-9,
10-dihydro-anthracen-1-yl)-acetamide. The tertiary
butyl groups were cleaved and the puri ed compound is
radiolabeled with 68Ga for biological evaluation studies.
Results: {4, 7-bis-carboxymethyl-10-[(9, 10-dioxo-9,
10-dihydro-anthracen-1-ylcarbamoyl)-methyl]-1, 4, 7,
10tetraaza-cyclododec-1-yl}-acetic acid was synthesized
and characterized by Nuclear Magnetic Resonance (NMR)
and mass spectroscopy. Initial radiolabeling studies
show high radiolabeling ef ciency with 68Ga!95%. Its
biological potential as probe is checked by cytotoxicity
on various tumor cell lines [Human embryonic
kidney (HEK), BMG, human breast adenocarcinoma
(MCF-7)] and clearance of the compound from the body
through blood kinetics experiment. Tumor uptake and
bio-distribution experiments using BALB/c mice are in
progress.
Conclusion: The agent, DO3A-ATR was successfully
developed, characterized and radiolabeled with 68Ga.
Initial studies suggest strong binding with 68Ga, rapid
clearance in 10 min from the body. Further investigations
on the bio-distribution characteristics and affinity
towards DNA binding are in progress.
P-48

Aim/Objectives: Radiolabeled somatostatin
analogues, such as 177Lu-DOTA-TATE ([177Lu-DOTA0,
Tyr3]-Octreotate) play an important role in peptide
receptor-targeted radionuclide therapy (PRRT).
177
Lu-DOTA-tate can be produced either manually or
by robotics and C18 columns are recently introduced
as a “safety net” post synthesis in order to remove
non-incorporated 177Lu from the solution for intravenous
administration. However, 177Lu-DOTA-tate is vulnerable
to radiolysis, which results in decreased radiochemical
purity (RCP). Every percentage decrease in Radiochemical
Purity (RCP) of 177Lu-DOTA-tate for PRRT represents
74 MBq of a Lu-labeled compound, which has lost its
receptor af nity. Gentisic acid and ascorbic acid are well
known ingredients to reduce the effects of radiolysis. With
the introduction of this “safety net”, however, gentisic
acid and ascorbic acid might be removed effectively
from the injectate, thus RCP might drop dramatically.
Therefore we investigated the effect of tC18 puri cation
on RCP of 177Lu-DOTA-tate in the injectate as an f (t)
post labeling vs. control ( without tC18 puri cation).
Materials and Methods: The effect of tC18 puri cation
on RCP of 177Lu-DOTA-tate was investigated by HPLC as
function of time post radiolabeling vs. control ( without
tC18 puri cation), and concentration of activity in 5
or 20 mL. In addition, the effects on RCP of with vs.
without re-addition of ascorbic or gentisic acid was also
quanti ed time-dependently post radiolabeling.
Results: After tC18 puri cation, gneissic acid and ascorbic
acid were indeed effectively removed from the injectate.
RCP of the injectate with tC18 puri cation was ! 95%
after 5 h in 5 mL, while RCP in 20 mL decreased much
more rapidly and resulted in 95% RCP after ~ 5h and
74% at 24 h. RCP of control ( without tC18 puri cation)
wast95% at ~ 72 h in 5 and in 20 mL. RCP of fractions
after re-addition of ascorbic acid was t 95% at ~ 72 h.
Re-addition of gentisic acid had no bene cial effect on RCP.
Conclusion: RCP of 177Lu-DOTA-TATE decreases time- and
volume-dependently after tC18 puri cation in comparison
to control. These results clearly demonstrate the necessity
for re-addition of ascorbic acid after tC18 puri cation.
P-49

Aspects on the Synthesis of
177
Lu-DOTA-TATE and C183XULÀFDWLRQ
Re-Addition of Ascorbic Acid is
Required to Maintain Radiochemical
Purity

Evaluation of 68Ga-2-Methoxy
phenylpiperazine Derivatives
Selective for Serotonin 5HT1A for
Neuroreceptor Imaging

Stephan Maus, Erik de Blois1, Mathias
Schreckenberger, Wouter A. P. Breeman1

Puja Panwar Hazari, Surbhi Prakash, Viren K.
Meena, Niraj Singh, Anil K. Mishra

Department of Nuclear Medicine, University Medical
Centre, Mainz, Germany, 1Department of Nuclear Medicine,
Erasmus MC, Rotterdam, The Netherlands

Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences, New
Delhi, India
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Aim of the Study: Our original objective is to incorporate
a 5-HT1A agonistic pharmacophore and long alkyl chain
(n 4) side chain conjugated to macrocycles to achieve
compounds possessing 5-HT1A speci c properties for
neuroreceptor Imaging. 2-Methoxy phenylpiperazine
(MPP) conjugates of macrocyclic bifunctional chelating
agents, such as, 1, 4, 7-triazacyclononane triacetic acid
(NOTP) and 1, 4, 7, 10-tetraazacyclododecane-1, 4, 7,
10-tetraacetic acid (DOTA) have been synthesized. The
compounds were found to be useful as (68) Ga-PET
imaging agents.
Materials and Methods: Alkylation of
methoxyphenylpiperazine with N-bromobutylpthalimide
was done and followed by hydrazinolysis to get
NH2-butyl-MPP, which was chloroacetylated to react
with DO3-tert butyl ester and/or NO2A-tert butylester to
yield DO3A-butyl-MPP and NO2A-butyl-MPP. Cleavage
of t-butyl ester groups yielded nal compound in 70-72%
yield. NO2A-butyl-MPP was reacted with orthophoshoric
acid and phosphotrichloride to yield phosphonate
derivative similar to (1, 4, 7-triazacyclononane-1, 4,
7-tris[methylene (2-carboxyethyl) phosphinic acid]
(TRAP) for Gallium complexation. Complexation with
GaCl3 was achieved at 60oC maintaining pH 5.5 for
NO2P-buyl-MPP and higher temperature (80 oC) for
DO3A-butyl-MPP.
Results: Spectroscopic characterization of all
intermediates and final chelate was done using
1
H-Nuclear Magnetic Resonance (NMR), 13C-NMR,
and mass spectroscopy. The gallium complexation
was done conveniently. Typical decay-corrected
radiochemical yield was 68% for NO2P-buyl-MPP and
56% for DO3A-butyl-MPP. The radiochemical purity
was 99% after solid phase extraction. The hippocampus
homogenate from Wistar rats was prepared as a source
of 5-HT1A receptor and binding in sub picomolar range
were observed for both the complex. Biodistribution in
mice showed that MPP derivatives are potential brain
imaging agents for positron emission tomography.
Conclusion: We have developed derivative of
2-methoxyphenylpiperazine (MPP) and conveniently
conjugated it to the macrocyclic ligands (NO2P and
DO3A) leading to synthesis of 5-HT and dopamine
speci c radiotracers. The radiocomplexation and the
biological evaluation results demonstrate that the
compound possesses high stability under physiological
conditions and holds a promising future in the eld of
brain imaging.
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Alternative Method to Determine
6SHFLÀF$FWLYLW\RI QJ)
Reactor-Produced 177Lu from
Enriched 176Lu

Wouter A. P. Breeman, Erik de Blois,
Jack L. Erion1
Department of Nuclear Medicine, Erasmus MC, Rotterdam,
The Netherlands, 1BioSynthema, St Louis, USA
Aim of the Study: Peptide Receptor Radionuclide
Therapy with 177Lu-1, 4, 7, 10-tetraazacyclododecane-1,
4, 7, 10-tetraacetic acid (DOTA)-peptides requires 177Lu
with high speci c activity (SA) to maximise the atom% of
177
Lu over total Lu. SA of 177Lu of (n, g) reactor-produced
from enriched 176Lu (target) is usually de ned by the
reactor physicists and vendors as the 177Lu activity over
the total amount of Lu (A), and solely based on the initial
mass of (175+176) Lu in the target. There are more de nitions
for SA, however, such as the 177Lu activity over the actual
amount of Lu ( mass of (175+ 176+ 177+ 177m) Lu), which is
more relevant for radiochemistry (B).
Specific activity =

177

∑

Lu activity
mass 175 + 176 Lu

A: Reactor Physicists
Specific activity =

B: Radiochemist
Specific activity =

177

∑

Lu activity
mass ( 175 + 176 + 176 m + 177 + 177 m Lu)

177

∑

mass (

Lu activity

175 + 176 + 176 m + 177 + 177 m

Lu − 177 Hf )

C: Biochemist
From the very start of the irradiation in the reactor
there are several dynamic processes ongoing, such as
“burn-up” of Lu-target material and decay of 177Lu.
Moreover, during and after irradiation decay of 177Lu
continues, while 177Hf is formed. In our opinion, for all
processes should be corrected in the calculations of SA. In
addition, 177Hf does not interfere in the incorporation of
177
Lu in DOTA. In short, the total amount of Lu ( mass
of (175+176) Lu) is not constant and our aim was to develop
an alternative method to determine the actual mass of
all Lu ( mass (175+176+177+177m) Lu) in the 177Lu-containing
solution and determine SA of 177Lu correctly.
Materials and Methods: Eighty-two percent enriched
176
Lu was either irradiated for r 8 days in High Flux
Reactor (HFR) in Petten, The Netherlands or forr7 days
in BR2 reactor, Mol, Belgium. DOTA-peptides, such as
DOTA-tate can be labeled with Lu, including 177Lu. Our
method includes a labeling with a known amount of 177Lu
activity mixed with a known amount of DOTA-tate (in
nmoles and in molar excess to (175+176+177+177m) Lu, 20 min
at 80ºC). After incubation and a base-to-base separation
of Lu-DOTA-tate vs. DOTA-tate by reversed phase C18
HPLC [Figure 1], and the ratio in mass Lu-DOTA-tate vs.
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Radiopharmaceuticals Division, Bhabha Atomic Research
Centre, Mumbai, India

Figure 1: Chromatographic base-to-base separation of
DOTA-TATE (D) and Lu-DOTA-TATE (E). In this example the ratio
of [(E)/(DE)] 0.6, thus 60% of all DOTA-TATE present (DE)
was in the form of Lu-DOTA-TATE

DOTA-tate was quanti ed by UV (O 278 nm). A typical
example to quantify the amount of Lu: suppose 100 nmoles
of DOTA-tate is labeled with X ( unknown) nmoles
Lu and Y MBq 177Lu. In addition, suppose after labeling
High-performance liquid chromatography (HPLC)
data reveals 60% of DOTA-TATE mass is in the form of
Lu-DOTA-TATE, see Figure 1. Therefore, X equals 60
nmoles of Lu, and is the total amount of Lu present in the
reaction. Subsequently, the correct SA can be calculated Þ
Y MBq 177Lu per 60 nmoles Lu. Eventually, radiolabeling
of DOTA-TATE was performed under stoichiometric
conditions in order to con rm the found data.
Results: SA value of 177Lu deviated from the SA, as
stated by the vendors by 127 r 16% (range: 106-173),
n 26 for HFR and 134r15%, (range: 119-168), n 12
for BR2. Deviation within this technique for same Lu
batch for different labelings was3.5%. Radiolabeling
of DOTA-TATE and Lu under stoichiometric conditions
resulted in ! 95% incorporation of Lu. SA, at end of
irradiation, were 1249 r 176 MBq per Pg Lu (range:
880-1706, n 26) for HFR, and 1435r172 MBq per Pg
Lu (range 1119-1621, n 12), for BR2. The concordant
atom% (% 177Lu of all Lu atoms) were 31r4 and 35r4 for
HFR and BR2, respectively. Moreover, because of these
results, SA of 177Lu-DOTA-TATE (another de nition of
SA, C) and other DOTA-peptides could successfully be
increased and intrinsically validated these ndings.
Summary: SA has several de nitions and SA of 177Lu is
higher as stated by the reactor physicists and vendors.
SA of 177Lu-DOTA-tate and other DOTA-peptides can be
increased accordingly.
P-51

Detailed Evaluation on the Effect of
Metal Ion Impurities on Generator
Eluted Gallium-68 with Different
Bifunctional Chelators
86

Aim of the Study: The introduction of
68
Ga-based positron emission tomography (PET) to
clinical practice using 68Ge/68Ga generator represents
a developmental milestone in the eld of molecular
imaging. Herein, we report a systematic study on
68
Ga complexes with different bifunctional chelators
(BFCs) and the effect of metal ion impurities on the
radiochemical yields to identify the most suitable BFC to
be used for the development of 68Ga-based target speci c
radiopharmaceuticals.
Materials and Methods: Radiolabeling of four
commonly used BFCs namely p-isothiocyanato
benzyl derivatives of diethylenetriaminepentacetic
acid (DTPA), 1, 4, 7, 10-tetraazacyclododecane-1,
4, 7, 10-tetraacetic acid (DOTA), 1, 4,
7-triazacyclononane-1, 4, 7-triacetic acid (NOTA) and
3, 6, 9, 15-tetraazabicyclo [9.3.1]pentadeca-1 (15), 11,
13-triene-3, 6, 9-triacetic acid (PCTA) with 68Ga was
studied with respect to optimal radiolabeling conditions,
effect of metal ion impurities on radiochemical yield,
in vitro stability and in vivo clearance properties in
biological system.
Results: Out of the four BFCs studied,
p-isothiocyanato benzyl-1, 4, 7-triazacyclononane-1,
4, 7-triacetic acid (NOTA-NCS) could be
radiolabeled instantly with 68Ga at room temperature
with ! 98% yield, even in presence of up to 10 ppm
of other metal ion impurities (such as Zn, Cu, Fe, Al,
Sn, and Ti ions). The 68Ga-complex of NOTA-NCS
demonstrated high in vitro stability even in the presence
of 1, 000 times molar excess of metal ions (such as Fe,
Cu, Zn, and Ca ions). In contrast, other 68Ga-labeled
BFCs (DTPA-NCS, DOTA-NCS, and PCTA-NCS)
showed reduced radiochemical yields when incubated
with the above concentration of metal ions. The
biodistribution studies in Swiss mice revealed that
68
Ga-NOTA-NCS cleared rapidly through the kidneys
with minimum retention in any major organ. The
clearance of 68Ga-NOTA-NCS from all major organs and
blood was higher as compared to other BFCs and would
be advantageous for Positron emission tomography
(PET) imaging.
Summary: The simple and rapid approach for
preparation of 68 Ga-radiopharmaceuticals using
NOTA-based bifunctional chelators would render
68
Ga-radiopharmaceutical chemistry more convenient
with minimum interference from other metal ion
impurities, and increase the scope of making 68Ga based
agents for PET imaging.
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Many-Years Experience of
Investigation, Production, and
Deliveries of Ga-68 Generators from
Cyclotron, Obninsk
A. Razbash, Yu Sevastianov, A. Larenkov1, A. Bruskin1,
G. Kodina1
Cyclotron Co. Ltd., Moscow, Russia, 1Burnasian Federal
Medical Biophysical Center, Moscow, Russia
Aim of the Study: To summarize more than 20-years
experience of daily working with68G /68Ga generators.
Materials and Methods: the study of 68Ge and 68Ga
sorption processes under static and dynamical conditions,
regular testing of generators characteristics, such as
yield, radionuclide purity, radiochemical purity, acidity,
chemical impurities, sterility, bacterial endotoxines.
Pharmacopoeia methods were used - radiometry,
nuclear spectrometry, ionometry, Instant Thin Layer
Chromatography (ITLC), Limulus amebocyte lysate
(LAL)-test (sensitivity 0.03 IU/ml) and so on.
Results: As T1/2, 68G provide the possibility of long
(1-2 years) explotation of the generator, we considered
more promising to prepare it on the base of radiation-stable
sorbent. Sorbents class “Termoxide” (synthesized for the
use in nuclear reactor) were found as most perspective,
especially Termoxide-50 ( -50). It is TiO2, modified
with ZrO2, and 0, 2 – 0, 4 mm particle size. The sorption
capacity for germanium was found as ~ 0.5 mkg/mg.
Working regimes for preparing of the sorbent and loading
of 68Ge into generator were determined. During 5 years
(1995-1999), the experimental generators were prepared
and investigated both in Federal Medical-Biological
Centre (FMBC) and in Cyclotron. It was observed that the
68
Ga-yield rapidly decreases up to 40-50% in 1.5-2 years.
The elution pro le did not practically change, and the
breakthrough was from 8 u 10-3 to 1 ×.10-5%. The rst
generator was produced and delivered abroad of Russia
to the Department of Radiation Physics of the Jubileum
Institute of Lund University Hospital (Sweden) in 1996.
However, regularly deliveries were stated only in 2003.
At the period from 2005 to 2009 the evaluation of possible
radiation autosterilization of 68Ge/68Ga generator and
regular monitoring of eluates sterility and bacterial
endotoxines content during the expiry time of the
generator were made. According to ISO 11137 – 2:2007
(Sterilization of health care products – Radiation – Part 2),
sterilizing dose for the generator was 18.2 kGy at the
level of sterility 10-6. For generators with the activity of
740 MBq, 1, 100 MBq, 1, 850 MBq, and 3, 700 MBq, this
dose is achieved through 8, 6, 3, and 2 days, respectively
after the loading date. These data were con rmed by

conducted microbiological monitoring of the sterility of
the eluates at different periods of generator operation up
to 2 years. All eluate samples were sterile. The level of
bacterial endotoxines in the eluate wasd3 IU/ml. By the
end of this year more than 300 generators were produced
and delivered to the about 90 Institutions in 26 countries.
Twenty generators were investigated and used in Russia.
In the report, the results of the analysis of the deliveries
depending from nominal activity are presented. The
possibility of the recharge of the generator, to use Ge-68
activity in the generator more effective was con rmed
3 years ago. In 2012, the 68Ge/68Ga generator produced
in Obninsk was registered as medical product in Russia
that is start of its usage in hospitals. The clinical trials
of some 68G radiopharmaceuticals ( rst on the base of
DOTATATE) are planned to start since 2013.
Summary: Many-years experience of investigation,
production and deliveries of 68G /68Ga Generators from
Cyclotron, Obninsk provided the development of new
radiopharmaceuticals and Positron emission tomography
(PET) investigations in Russia and many other countries.
P-53

Design and Development of
DTPA-(Asn)2 Radiolabeled with 68Ga
For PET Imaging Application
Vikas Kumar, Neeta Anjani K Tiwari,
Sehgal, Anil K. Mishra
Institute of Nuclear Medicine and Allied Sciences,
Delhi, India
Aim of the Study: Design, synthesis and characterization
of diethylene triamine pentaacetic acid (DTPA)-(Asn) 2
as Positron emission tomography (PET) imaging agent.
Materials and Methods: Design studies included
Density functional theory (DFT) calculations for
nding stability of the complex and molecular docking
experiments for the chelating agent were performed
by Schr dinger 9.3 package. Synthesis was con rmed
by the characterization through 1 H, 13 C Nuclear
Magnetic Resonance (NMR), and Mass spectroscopy
techniques.
Results: The synthesized compound was characterized
using 1H, 13C NMR, and mass spectroscopy. Molecular
docking experiments suggested the binding af nity
of DTPA-(Asn) 2 with acetylcholinesterase (PDB id:
1GQR) through various electrostatic and weak hydrogen
bonding. The stability of 68Ga labeled complex was
calculated by DFT studies. The stable complex formation
of the chelating agent with the 68Ga radionuclide used
for PET imaging purpose over a period of 24 hrs shows
98% radiolabeling ef ciency.
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Summary: The role of bi-functional chelating agents
for as radiopharmaceuticals for labeling selective
drugs molecules. These ligands possess an additional
functional group for attaching radiometalnuclides to
biomolecules. Ethylenediaminetetraacetic acid (EDTA)
and DTPA are commonly used for metal chelating
agents and their functionalized ligands have been
reported for this purpose. For developing an effective
chelating agent, we have synthesized a DTPA analogue
by conjugating amino acid asparagine through covalent
bonding. DTPA analogue shows selective binding
activity with the radionuclide (68Ga) for PET nuclear
medicine applications.
P-54

Synthesis and Radiolabeling of
68
Ga-Colchicine as a Potential
Imaging Agent for Multidrug
Resistance in Tumors
Drishty Satpati, Aruna Korde,
Sharmila Banerjee, M. R. A. Pillai
Bhabha Atomic Research Center, Trombay, Mumbai, India
Aim: Multidrug resistance (MDR) is a major impediment
to chemotherapeutic management of cancers. This is
caused by elevated expression of P-glycoprotein (Pgp),
which confers MDR on cancer cells and tumors through
enhanced ef ux of chemotherapeutic drugs. This, in
turn, results in lower intracellular drug concentration.
Colchicine, being a known substrate for Pgp, radiolabeled
colchicine can be a suitable probe for imaging of Pgp
transport activity in vivo and early diagnosis of MDR. The
advantages of generator-produced 68Ga (t½ 68 min, EE+
1.92 MeV, 89%) make it an important Positron emission
tomography (PET) radionuclide for radiopharmacy
procedures. We report the preparation of 68Ga-colchicine
(CHC) that has a potential for non-invasive assessment
of Pgp-mediated multidrug resistance in vivo.
Materials and Methods: Colchicine was suitably modi ed
to trimethylcolchicinic acid, which was further conjugated
with a macrocyclic derivative para-isothiocyanatobenzyl
1, 4, 7, 10-tetraazacyclododecane 1, 4, 7, 10 tetra acetic acid
(p-NCS-benzyl 1, 4, 7, 10-tetraazacyclododecane-1, 4, 7,
10-tetraacetic acid (DOTA)) for radiolabeling with 68Ga.
68
Ga was obtained from 68Ge/68Ga generator procured
from Ithemba Labs, South Africa. The 68Ge/68Ga generator
was eluted with 5 mL of 0.1 N HCl, and the eluate was
loaded onto a cation exchange column. 68Ga was eluted
with 500 PL mixture of acetone/HCl (97.6%/0.02N). For
radiolabeling, 500 PL of 68Ga eluate (~74 MBq) mixed
with 500 PL of 0.5 M ammonium acetate buffer (pH 5)
and colchicine-DOTA-NCS (50 Pg) was incubated at
88

70 C for 15 minutes. The pH of the nal solution was
4.5. 68Ga-DOTA-colchicine complex was puri ed using
Sep-Pak C18 cartridge and the radiochemical yield and
purity were determined using High-performance liquid
chromatography (HPLC).
Results: Acid hydrolysis of N-acetyl group of
colchicine resulted in amine group, which was
conjugated with isothiocyanato group of
p-NCS-benzyl DOTA. Colchicine-DOTA conjugate
was characterized by 1H- Nuclear Magnetic Resonance
(NMR). 68 G a - D O T A - C o l c h i c i n e w a s o b t a i n e d
in ! 98% radiochemical yield. The retention time
of 68Ga-DOTA-NCS was 16.8 min whereas that of
68
Ga-DOTA-Colchicine was 20.1 min. The pH of the
nal solution was 4.5, which is not suitable for in vitro or
in vivo applications. Therefore, the radiolabeled complex
was loaded on Sep-Pak column and washed with water.
68
Ga-DOTA-Colchicine was eluted in ethanol, which was
then evaporated and nally reconstituted in saline. The
radiochemical purity of the formulated radiolabeled
complex was observed to be!99%.
Summary: Colchicine has been suitably functionalized
for conjugation with bifunctional chelating ligand,
p-NCS-benzyl DOTA. The radiolabeled complex,
68
Ga-DOTA-Colchicine could be prepared in excellent
yield. The efficacy of 68Ga-DOTA-Colchicine will be
evaluated by comparing the uptake in Pgp-positive and
Pgp-negative cell lines as well as in suitable tumor models.
P-55

Preparation and Preliminary
in vitro Evaluation of 177Lu-labeled
Rituximab
Tapas Das, Sweety Mittal, Mohini Bhadwal,
Chandan Kumar, Tapas Das,
Sharmila Banerjee, Grace Samuel,
M. R. A. Pillai
Bhabha Atomic Research Centre,
Radiopharmaceuticals Division, Bhabha Atomic
Research Centre, Trombay, Mumbai – 400 085, India
Introduction: Radioimmunotherapy (RIT) using
radiolabeled antibodies, is an effective modality to
combat a wide variety of cancers. Rituximab is a
chimeric antiCD20 B-cell speci c monoclonal antibody,
which is an approved chemotherapeutic drug for the
treatment of low-grade Non Hodgkin’s Lymphoma
(NHL). Therefore, rituximab labeled with a therapeutic
radionuclide could be envisaged as a suitable agent
for radioimmunotherapy of NHL. The objective of the
present work is to develop 177Lu-labeled rituximab as
a radiotherapeutic agent for NHL. Although several
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E- and a few P-emitting radionuclides have been used
for the development of agents for targeted therapy
using antibodies and peptides as targeting vectors,
177
Lu with suitable nuclear decay characteristics could
be a preferred isotopes for developing such agents.
Multi-Curie levels of 177Lu, with adequately high speci c
activity, could be produced by direct (n, g) route using
enriched (176Lu) Lu2O3 target, in medium ux research
reactors for preparation of targeted radiotherapeutic
agents. The long half-life (6.7 days) provides logistic
advantage, making it suitable for wider distribution
without much loss in activity due to decay.
Materials and Methods: 177 Lu was produced by
irradiation of enriched Lu2O3 (74% in 176 Lu) at a thermal
neutron ux of 1u1014 n/cm2.s for 14 d. p-NCS-benzyl-1,
4, 7, 10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic
acid (DOTA)-Rituximab conjugate was prepared by
incubating rituximab with p-NCS-benzyl-DOTA at a
molar ratio of 1:10 in Na2CO3 buffer (pH 9.5) at 37°C
for a period of about 17 h. The conjugate was puri ed by
removing excess BFCA from the reaction mixture using
pre-packed PD10 columns. 177Lu labeling of puri ed
p-NCS-benzyl-DOTA- Rituximab conjugate was achieved
by incubating the conjugate with 177LuCl3 (525 MBq, 14.2
mCi, 0.71 Pg Lu) at 37°C, for 90 min, using NH4OAc
buffer (pH ~ 5.5). Characterization of 177Lu-labeled
p-NCS-benzyl-DOTA-rituximab was carried out by
employing High-performance liquid chromatography
(HPLC) equipped with a gel column and tracking the peak
with NaI (Tl) detector. Raji cells (Burkitt’s lymphoma),
which express CD20 antigen on their surface, were used
for in-vitro binding studies of 177Lu-labeled rituximab.
Cell binding studies were performed with 1.25, 7.45,
and 14 ng of 177Lu-labeled rituximab. Inhibition studies
were carried out to con rm the speci city of binding
by incubation of same number of cells with 7.45 ng of
177
Lu-labeled rituximab along with 1 Pg of cold rituximab
under similar experimental conditions.
Results: 177Lu was produced with the speci c activity
of 814-1295 GBq.mg-1 (22-35 Ci.mg-1) and radionuclidic
purity of 99.98% in the Dhruva reactor following the direct
route. Lu-177-labeled p-NCS-benzyl-DOTA- Rituximab
conjugate was prepared with ! 95% radiochemical
purity as observed by HPLC studies. The peak
corresponding to the conjugate was observed at 14 min
while uncomplexed 177LuCl3 eluted at ~ 21 min in HPLC.
The average number of BFCAs attached per rituximab
molecule was also determined following a reported
procedure and was found to be six. In cell binding
studies, a maximum of ~ 30% and ~ 37% binding were
recorded when 1.25 ng of 177Lu-rituximab was incubated
for 2 h, at 37°C and 4°C temperature, respectively. During
inhibition studies, signi cant inhibition of binding was
observed at both the incubation temperatures, which
show the speci city of the 177Lu-rituximab towards the
CD20 antigen.

Summary: 177Lu-labeled p-NCS-benzyl-DOTA-rituximab
conjugate was prepared in ! 95% radiochemical
purity. Preliminary in-vitro cell binding and inhibition
studies indicate that the immunoconjugate retains
its immunoreactivity, and hence, can be considered
for further evaluation as a potential agent for
radioimmunotherapy (RIT).
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Development of Tridentate Acyclic
Indole-Derived System for Gallium
PET Imaging Applications
Swati Aggarwal1,2, Anjani K. Tiwari1,
Gurmeeet Singh2, Anil K. Mishra1
1

Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences,
2
Department of Chemistry, University of Delhi, New Delhi,
India
Aim of the Study: An in uential need for the search of
inhibitors of the cyclin-dependent kinase (CDK) enzymes
is because of the anomalous CDK control in most of the
cancer cases. In this respect, we intend to synthesize
a piperazine-indole derivative. The interest lies in the
development of complexes formed between positron
emitting gallium radionuclide 68Ga that could allow for
imaging and therapy for such diseases.
Materials and Methods: Molecular docking experiments
for the ligand were done using Glide version of
Schr dinger 9.3 package. Synthesis was con rmed by
the characterization through 1H, 13C Nuclear Magnetic
Resonance (NMR), and Mass spectroscopy techniques.
Results: The molecule show the characteristic peaks
for 1H, 13C NMR, and mass spectroscopy. Preliminary
docking studies illustrate ef cient binding af nity for
CDK2 receptor. The percentage labeling ef ciency for
the radiolabeled compound with 68Ga was found to be
97% showing stable complex formation in a span of 24
hr and the Positron emission tomography (PET) imaging
shows optimal uptake and speci city of the drug at the
tumor site.
Summary: The cell cycle describes together the events
that take place during the proliferation of eukaryotic
cells. The progression through the cell cycle is regulated
via a set of Ser/Thr kinases called cyclin dependent
kinases (CDKs). These kinases upon complexation with
their activating proteins, called cyclins, phosphorylate
and modulate the activity of many target substrates.
The synthesized analogue can be identi ed as potent
imaging agents for cancer (CDK target receptor) when
labeled with 68Ga which could be further validated by
in vitro biological assays.
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P-57

Alternative Method of 68Ga and
3XULÀFDWLRQ

Lu

177

Van So Le
MEDISOTEC, 14 (1) Dwyer Street, Gymea, NSW, Australia
Aim of the Study: Improved radiochemical methods
are aimed to be developed to purify 68Ga and 177Lu
solutions for radiolabeling bifunctional ligands used in
theranostics.
Materials and Methods: Tandem column systems
composed of 50 mg strong cation exchange resin
(AG 50W-X4, 200-400 mesh) and 50 mg solid phase
extraction resin (N, N, N’, N’-tetraoctyldiglycoamide
(TODGA) impregnated in OASIS HLB resin, which is
prepared by method described in literature[5] ) were
used for puri cation of 68Ga and 177Lu solutions. For
68
Ga puri cation, the 68Ga solution in 0.1 M HCl (10
mL volume, extracted from a 68Ge/68Ga generator) was
passed through a tandem system of cation exchange
resin and TODGA columns, and then the columns were
washed with a mixture solution of 4.0 M HCl and 1.0%
ascorbic acid and followed by air ow ushing. Finally,
1.0 mL water was passed through to strip 68Ga from the
column tandem system. This puri ed slightly acidic
solution of 68Ga was used for labeling bifunctional
ligand DOTATATE for evaluation of the ef cacy of
puri cation process. For 177Lu puri cation, the 177Lu
solution in 0.05 M HCl (10 mL volume, produced
from a neutron activated 176Yb target as reported in
literature ) was passed through a tandem column
system as mentioned above. The columns was washed
with 5 mL 6 M HCl followed by 3 mL 3 M HNO3, and
then by 3 mL 3 M HCl. The puri ed 177Lu solution is
then obtained by stripping the columns with 2 mL
0.05 M HCl after ushing tandem column system with
air ow. This puri ed slightly acidic solution of 177Lu
was used for labeling bifunctional ligand DOTATATE
for evaluation of the efficacy of the purification
process. For evaluation of the effectiveness of above
mentioned puri cation methods, a simulation of metal
ions-contaminated 68Ga/177Lu solutions was used and
the solutions were puri ed as above. These solutions
contained low activity of 68Ga and/or 177Lu and added
metal ion contaminants Al3+, Co2+, Ni2+, Ti4+, Pb2+, Sr2+,
Ca2+, Ba2+, Cu2+, Zn2+, Fe3+, Cd2+, Zr4+, Y3+, Lu3+, and Yb3+
(1.0 mg/mL each). The puri ed solutions of 68Ga/177Lu
were analyzed by inductively coupled plasma optical
emission spectrometry (ICP-OES) method for metal
ion content and by gamma ray spectrometry for 68Ge
activity. The radiolabeling DOTATATE ligand with
68
Ga and 177Lu was performed and evaluated with
procedures reported in literature.
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Results: For 68Ga puri cation: The content of metal ion
contaminants in the solution puri ed from a real 68Ga
solution of 18 mCi 68Ga, which was extracted from a
68
Ge/68Ga generator, are 0.245 ppm Al3+, 0.004 ppm Co2+,
0.030 ppm Ni2+, 0.059 ppm Ti4+, 0.079 ppm Pb2+, 0.001
ppm Sr2+, 0.105 ppm Ca2+, 0.001 ppm Ba2+, 0.025 ppm
Cu2+, 0.102 ppm Zn2+, 0.153 ppm Fe3+, 0.001 ppm Cd2+,
0.005 ppm Zr4+, 0.001 ppm Y3+, 0.001 ppm Lu3+, 0.001
ppm Yb3+, and10-6% 68Ge compared with 68Ga activity.
The analytical results of the solution puri ed from the
68
Ga simulator solution con rmed the effectiveness of
the puri cation process as follows: 0.083 ppm Al3+, 0.004
ppm Co2+, 0.001 ppm Ni2+, 0.015 ppm Ti4+, 0.089 ppm
Pb2+, 0.001 ppm Sr2+, 0.069 ppm Ca2+, 0.001 ppm Ba2+,
0.022 ppm Cu2+, 0.032 ppm Zn2+, 0.053 ppm Fe3+, 0.056
ppm Cd2+, 0.035 ppm Zr4+, 0.001 ppm Y3+, 0.001 ppm
Lu3+, 0.001 ppm Yb3+, and10-6% 68Ge compared with
68
Ga activity. The content of metal ion contaminants in
the solution puri ed from a real 177Lu solution of 500
mCi 177Lu are 0.001 ppm Al3+, 0.006 ppm Co2+, 0.001
ppm Ni2+, 0.002 ppm Ti4+, 0.021 ppm Pb2+, 0.001 ppm
Sr2+, 0.122 ppm Ca2+, 0.001 ppm Ba2+, 0.003 ppm Cu2+,
0.001 ppm Zn2+, 0.003 ppm Fe3+, 0.001 ppm Cd2+, 0.001
ppm Zr4+, 0.001 ppm Y3+, 0.018 ppm Lu3+, 0.015 ppm
Yb3+, and  10-6% 175Yb compared with 177Lu activity.
The analytical results of the solution puri ed from
the 177Lu simulator solution con rmed very well the
effectiveness of the puri cation process. The results of
labeling ligand DOTATATE with 68Ga and 177Lu using
the above mentioned purified solutions showed a
labeling yield of!99.0% for both 68Ga and 177Lu, giving
a speci c radioactivity of 133 GBqs 68Ga per Pmol of
ligand for 68Ga labeling, and 1850 GBqs 177Lu per Pmol
of ligand for 177Lu. Recovery yield of 68Ga and 177Lu in
the process of puri cation was!85%.
Summary: The tandem column systems and the ascorbic
acid added to the dedicated eluant solutions were proved
useful in removing the metal ion contaminants from 68Ga
and 177Lu solutions. The puri cation process was proved
effective. The results obtained in this project agree with
that reported in our previous papers and con rm that
ascorbic acid added to the eluant for removing Fe3+and
Cu2+ions contaminants from 68Ga solution was justi ed
to be practical. The presence of the ascorbate anions in the
radiolabeling reaction solution of DOTATATE decreases
the competitive complexation capability of Fe3  and
Cu2+ions for DOTATATE ligand, so a high radiolabeling
yield was preserved. Because the eluent ow was passed
through both columns in all steps of the puri cation
process, the tubing of the column tandem system is
simple. Therefore, this system acts as a single column
puri cation setup and multi runs can be performed using
the same column tandem. This feature of setup is suitable
for an automated processing of Radioisotope Generator
Integrated System (RADIGIS)-68Ga system reported in
our previous paper.
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Synthesis and Evaluation of
68
Gallium-Labeled EDTA Conjugated
2-Amino Pyridine Analogue as an
Imaging Agent and its Interaction
with Human Serum Albumin (HSA)

Computational DFT Protocol
Prediction of Fluorescence of
Gallium-Based Imaging Tracer

Pooja, Anjani K. Tiwari, Ramendra Pratap,
Anil K. Mishra

INMAS, Department of Chemistry, University of Delhi

Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences,
Brig. S. K. Mazumdar Marg, Lucknow Road, Timarpur,
New Delhi - 54, India
Aim of the Study: Multidentate aminocarboxylate
ligands such as ethylenediaminetetraacetic acid (EDTA)
and diethylenetriaminepentaacetic acid (DTPA) are
versatile platforms for the presentation of biomolecular
recognition units in the design and investigation of
biologically functional molecules. In this study, we
propose to synthesize and evaluate a 2-amino pyridine
analogue pendented with EDTA as PET imaging agent
labeled with 68Ga and its interaction studied with the
human serum albumin (HSA), a most abundant plasma
protein.
Materials and Methods: Molecular docking study
has been performed for the ligand EDTA-bis
(2-amino-4-methyl pyridine) by the molecular
modeling software, SCHRODINGERS with human
serum albumin (HSA) (Protein Data Bank (PDB)
1E78) followed by its synthesis and characterization
by different spectroscopic techniques ( 1H Nuclear
Magnetic Resonance (NMR), 13C NMR, and mass
spectroscopy). The compound was labeled with
68
Ga. Stability constant with HSA was calculated
spectrophotometrically.
Results: The novel compounds was labeled with 68Ga
by labeling method using Ga-generator at optimized
conditions of pH to achieve the maximum labeling
ef ciency (!95%). It forms stable complex with 68Ga with
high radiochemical purity (98%). Docking shows good
binding af nity with the HSA gives Glide G score -8.498,
further con rmed by recording uorescence spectra at
Oex 350 nm and binding constant of the ligand with
HSA found to be 4.9u103 M-1 shows effective quenching
effect.
Summary: The preliminary results indicate the usefulness
of this EDTA conjugated amino pyridine chelating agent
as a Positron emission tomography (PET) imaging agent
with 68Ga and its effective transport ability in the body
as it form stable complex with HSA. Its in vivo imaging
study is under process.

Nidhi Chadha, Anjani K. Tiwari, M. D. Milton,
Anil K. Mishra
Aim of the Study: With the growing demand for
diverse Positron emission tomography (PET) or hybrid
Positron emission tomography/Single-photon emission
computed tomography (PET/SPECT) imaging agents
for nuclear medicine applications, it is imperative to
know desired optical properties for the PET imaging
applications before its synthesis. Hence, our present
aim of study is to design a computational protocol for
the prediction of uorescence properties of gallium (Ga)
based molecules and thus prediction of ef ciency of
synthesized molecule as PET imaging tracer.
Materials and Methods: Computational Density
Functional Theory (DFT) calculations were performed
with the Jaguar v7.9 quantum chemistry module of
Schrödinger and hyperchem software. Dataset of
ligands and gallium complexes were prepared. Lowest
energy conformers of ligands and ground state gallium
complex structures were fully optimized in vacuum
at DFT level without imposing constraints using MO6
hybrid functional with basis set psLACV3P (which is
a triple-zeta contraction of the LACVP basis set) 6-31G
set developed by pople and co-workers. Effective core
potential (ECP) used for heavy atoms and Non-ECP atoms
uses 6-311G basis. The calculated stationary points were
characterized by calculating vibrational frequencies with
the Hessian obtained during the geometry optimization.
Real frequencies were obtained for optimized structures.
Time-Dependent Time-dependent density functional
theory ((TD)-DFT) calculations were performed for
gallium complexes for singly excited states. In addition,
acyclic chelate for the gallium was synthesized and
characterized. Its experimental fluorescence was
determined and compared through computational
protocol designed for uorescence prediction.
Results: For Optimized ligands and gallium complexes,
ground state electronic properties were obtained by
DFT level of theory. Further, singly-excited state of
gallium complexes were subjected to optimization.
Absorption and emission spectra was obtained after
DFT and TD-DFT calculations of gallium complexes.
Unbound ligand was found to show less uorescence
as compared to complexed form. DFT parameters
were assigned to each molecules and protocol based
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on these calculations was proposed. Absorption and
emission spectra synthesized molecule was recorded.
Its experimental and predicted fluorescence was
correlated. Ef cient uorescence molecule can be used
as PET imaging tracer as Ga-68 radiolabelEd and with
uorescence techniques.
Summary: With the ability to use computational
chemistry to replace the traditional laboratory research,
we can remove the tedious process of trial and error,
and focus on compounds that have the desired optical
properties that we need and thus can be used as PET
imaging Tracer. Thus, protocol designed for gallium
complexes, which have intrinsic uorescence properties,
will be helpful in study by directly application of
microscopy techniques. Ga-ligand complexes, which
afford fluorescence, can be useful as radiolabeling
and fluorescence techniques for the PET imaging
applications.
P-60

Kinetic Properties of the
Gallium (III)-AAZTA Complexes Near
to Physiological Conditions
Imre Tóth, Zsolt Baranyai, Fulvio Uggeri,
Alessandro Maiocchi, Giovanni B.
Giovenzana, Camilla Cavallotti, Anett Takács,
,VWYiQ%iQ\DL$WWLOD%pQ\HL(UQĘ%UFKHU
Silvio Aime
Department of Inorganic and Analytical Chemistry,
University of Debrecen, Debrecen, Hungary
Introduction: The isotope 67Ga has been used for a
long time in Nuclear Medicine. More recently, the
interest is shifted to the positron emitting 68Ga used in
Positron Emission Tomography (PET). This interest is
brought about by the availability of 68Ga in the absence
of cyclotron due to the accessibility of the 68Ge/68Ga
generators. For the use of 68Ga isotope in PET, it should
form complex with a bifunctional ligand, suitable
to attach the ligated 68Ga to monoclonal antibody or
smaller peptide, which deliver the radioisotope to
tumor cells. For in vivo use, the 68Ga complex must be
thermodynamically stable and kinetically inert under
physiological conditions i.e., in the presence of several
endogenous ligands and metal ions. These requirements
are generally ful lled by the derivatives of macrocyclic
ligands, like 1, 4, 7-triazacyclononane triacetic acid
(NOTA) and 1, 4, 7, 10-tetraazacyclododecane-1, 4, 7,
10-tetraacetic acid (DOTA). However, the slow formation
reactions of macrocyclic complexes are not fortunate
for the radioisotopes of short half-life. Here we propose
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the use of the AAZTA ligand for the complexation of
Ga3+-ion.
Aim of the Study: The stability constants of the
6-[bis (hydroxycarbonylmethyl) amino]-1, 4-bis
(hydroxycarbonylmethyl)-6-methylperhydro-1,
4-diazepine (AAZTA) complexes formed with several
metal ions, which can compete with Ga3 + in blood
plasma, have been determined. Our equilibrium studies
have shown that at pH  7.4 Ga3 + is present in the
form of Ga (AAZTA) OH species.5 The kinetics of the
metal-exchange reactions between the Ga (AAZTA)
OH complex and Cu2 + and Ca2 + in the presence of
citrate and phosphate ions have been investigated. Since
Ga3+might form complex with transferrin in the plasma,
the kinetics of the ligand exchange reactions between the
Ga (AAZTA) OH complex and transferrin in the presence
of 0.025 M NaHCO3 (pH 7.5) has also been investigated.
Results: The kinetics of the metal-exchange reactions
between the Ga3+- AAZTA complexes and Cu2 +ion
have been studied by spectrophotometry (300 nm)
in the presence of citrate in the pH range 2 – 9. The
rates of the reactions are signi cantly higher at pH6,
where the Ga (AAZTA)- and Ga (AAZTA) complexes
predominate. In this pH range, the reactions take place
by the assistance of the citrate (HCit2- and H2Cit-) ions.
At pH!4.0, the Ga (AAZTA) OH complex predominates
and the transmetalation occurs with the direct attack of
the Cu2 +and Ca2+-ions via the formation of binuclear
intermediates. In the pH range 6.5–7.5, the reactions
occur only by the very slow dissociation of the existing
Ga (AAZTA) OH complex. OH- ion can accelerate the
dissociation of the Ga (AAZTA) OH at pH ! 7.5. The
rate of the ligand-exchange reaction between the Ga
(AAZTA) OH complex and transferrin at pH  7.5
is independent of the transferrin concentration, thus
the rate determining step is the dissociation of the
complex. The half-life of dissociation of Ga (AAZTA)
OH at pH  7.5 calculated from the rate data of the
metal-exchange and the ligand-exchange reactions
are 21 and 24 hours, respectively, indicating that the
dissociation of the complex is much slower than the
decay of the 68Ga isotope (t½ 67.71 min).
Summary: In the Ga3+ion – AAZTA system at pH around
7.4 in the presence of citrate, phosphate, and carbonate
ions a thermodynamically stable and kinetically inert Ga
(AAZTA) OH complex exists, which makes the AAZTA
ligand a potential candidate for complexation of 68Ga in
PET examinations.
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Design, Synthesis and
Characterization of Methionine
Conjugated Novel Tetraaza
Bifunctional Chelating Agent and
in vivo and in vitro Studies
Neelam Yadav, Krishna Chuttani1,
A. K. Mishra1, B. Singh*
Department of Chemistry, Centre of Advanced
Studies Faculty of Science, Banaras Hindu University,
Varanasi - 221 005, 1Division of Cyclotron and
Radiopharmaceutical Studies, INMAS, DRDO, Timarpur,
New Delhi - 110 054
Macrocyclic chelators and their metal complexes have
widespread applications in the biomedical sciences,
including radiopharmaceutical chemistry. Macrocyclic
chelators have been found to have enhanced in vivo
stability over acyclic chelators such as ethylenediamine
tetraacetic acid (EDTA) and diethylenetriamine
pentaacetic acid (DTPA). Macrocyclic polyamine
ligands and their metal complexes have applications
in radiopharmaceutical, catalysis, and biomimetic
chemistry. Under physiological conditions, the only
oxidation state of gallium in aqueous solution is3, and
this is the oxidation state relevant to radiopharmaceutical
chemistry. The complexation of Ga (III) is dominated by
ligands containing oxygen-, nitrogen-, and sulfur- donor
atoms. Gallium (III)) has well-established coordination
numbers of 3, 4, 5, and 6 depending on the ligand.
Bifunctional chelating agent (BFC) consists of chelator
to coordinate metal, linker to conjugate chelator and
biomolecule, and biomolecule for target specificity.
The natural chelators (e.g., transferrin or other metal
binding enzymes) present in the blood will cause the
radiometal to dissociate from their radiopharmaceutical,
resulting in the possible accumulation of radioactivity
in non-target organs (radiation toxicity). Therefore, BFC
should be both kinetically inert and thermodynamically
stable to transchelation by these natural chelators.
A tetraaza bifunctional chelating agent [T-PCM] has been
synthesized and characterized by elemental analysis,
Infrared (IR), 1H and 13C Nuclear Magnetic Resonance
(NMR) spectroscopy, and Mass spectrometry. Geometry
of the compound has been optimized by density
functional theory (DFT) using B3LYP method (Becke’s
exchange functional, weighted on 3 parameters and
Lee-Yang-Parr correlation functional) with 6-311G (d,
p) basis set for all atoms by Gaussian 03W programme.
The synthesized macrocyclic BFC has four nitrogen
coordination sites and may act as novel ligand for

labeling with Ga68. This tetraaza chelator was successfully
labeled with 99mTc and labeling ef ciency is more than
90% in vivo as well as in vitro. Biodistribution of the
T-PCM was studied in BALB/c mice at different time
intervals. It was observed that the radiolabeled complex
rapidly cleared from the blood stream with only 0.12%
ID/organ remaining in the blood after 24 h in comparison
to 1.81% ID/organ at 1 h. Major accumulation of the
labeled compound was observed in liver followed by
spleen at 1 h showing that the complex is excreted by
hepatobiliary route.
P-62

Design, Synthesis, and
Preclinical Evaluation of Ga
(III)-DOTA-RGD-Ranatensin for Dual
Integrin and GRPR-Targeted Tumor
Imaging
Raunak, A. K. Mishra
Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences,
New Delhi, India
Aim: The development of multimeric peptides has
attracted much attention due to their enhanced receptor
affinity as compared to monomeric analogs. The
application of 68Ga labeled peptides has attracted
great interest for cancer imaging, because of its
physical characteristics and compatibility with the
pharmacokinetics of many peptides. The study of
multimeric peptide receptors has provided valuable
information on the development of radiopharmaceuticals
that bind to site and disease-speci c receptors for the
diagnosis and therapy of cancer. The aim of this study was
to obtain novel dual receptor targeting Gastrin-Releasing
Peptide (GRP) and DvE3 integrin analogues for cancer
imaging by convenient solid phase synthesis.
Materials and Methods: We have synthesized novel
1, 4, 7, 10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic
acid Arginine (R), Glycine (G), and Aspartic acid
(DOTA-RGD)-Ranatensin peptide analogue and its
radiocomplexation with 68Ga. Ranatensisn and RGD
peptide analogues were synthesized by Fmoc solid phase
strategy and alkylated with chloroacetyl chloride and
was reacted with trisubstituted cyclen on solid phase
to yield the nal DOTA-peptide. The compound was
radiolabeled with 68Ga in aqueous solution at pH 5.6
(sodium acetate buffer).
Results: DOTA- RGD-Ranatensin was prepared
with more than 80% yield by solid phase synthesis
and was characterized by mass spectroscopy.
DOTA-RGD-Ranatensin binds with 68Ga with high speci c
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activity (1.58 MBq/Pg). 3-(4, 5-Dimethylthiazol-2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay have
been performed to determine the cytotoxicity of the
compound. Cell uptake studies carried out on PC12
cell line known to express gastrin-releasing peptide
(GRP)-type receptors and on integrin expressing
U-87MG cell line. The in vivo biodistribution and
blood kinetics studies exhibited rapid clearance of
the radiolabeled complex and excretion through
the hepatobilliary and renal route. The production
of high-specific-activity 68 Ga-DOTA-Ranatensin
resulted in substantial accumulation at tumor site with
6.41 r 2.1%ID/g at 30 min postinjection and tumor
retention (5.12r0.92%ID/g at 4 h p.i.). Receptor-mediated
tumor uptake was veri ed by administration of blocking
dose. An effort was made to develop multimeric peptide,
Ranatensin-RGD radiopharmaceutical for targeting
GRPR and DvE3 integrin expressing tumors derived
from the universal sequence of BN and conjugated to
DOTA. The present studies demonstrated the potential
applications of high-speci c-activity 68Ga-DOTA-RGD
Ranatensin for GRPR and DvE3 integrin expression as
well as early diagnosis of a large number of mammalian
carcinomas.
P-63
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Ga-DOTA-bistriazole-bis-(1, 3,
8-triazaspiro[4, 5]decan-4-one):
A PET Radiopharmaceuticals for D2
Receptor Imaging

68

Swarndeep Kaur Sethi1,2, Raunak1,
R. Sandhya1,2, M. D. Milton2, A. K. Mishra1

Design and Synthesis of Novel
68
Ga (III)-DOTA-Bismethoxypheny
lpiperazine derivative for D3
Receptor PET Imaging

1

Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences,
2
Department of Chemistry, University of Delhi, New Delhi,
India

R. Sandhya1,2, Raunak1, S. K. Sethi1,2, S. Kaur2,
A. K. Mishra1
1

Division of Cyclotron and Radiopharmaceutical Sciences,
Institute of Nuclear Medicine and Allied Sciences,
2
Department of Chemistry, University of Delhi, New Delhi,
India
Aim: Methoxyphenylpiperazine (MPP) possess high
af nity and good selectivity for the human D3 and
5-hydroxytryptamine1A (5-HTA1A) receptors. The D3
as well as 5-HTA1A receptors have been implicated in
disorders of the central nervous system, which can be
extensively studied using Positron emission tomography
(PET). A bi-functional complexing agent can coordinate
gallium covalently; which in turn bind to a target. Our
aim to introduce a macrocylic chelator linked with MPP
via a triazol ring for the captivation of Gallium to target
D3 receptor.
Materials and Methods: 1-(2-Methoxyphenyl)-4-(Pro
p-2-ynyl) piperazine was synthesized by the reaction
of MPP with propargyl bromide in 85% yield. To
obtain the bis MPP derivative, the Serinol linker
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was converted into bisazide, which is subsequently
conjugated with MPP derivative via click chemistry.
The bis-click derivative was conjugated with 1, 4, 7,
10-tetraazacyclododecane-1, 4, 7, 10-tetraacetic acid
(DOTA) to yield DOTA-Bismethoxyphenylpiperazine
derivative with a good yield (78%). The ligand was
radiolabeled with 68Ga in aqueous solution at pH 6.5
(ammonium acetate buffer).
Results: The synthesized ligand has been characterized
by Nuclear Magnetic Resonance (NMR) and Mass
spectroscopic techniques. The radiolabeling ef ency
was found to!98%. Further, its biological evaluation
is under process.
Conclusion: we have successfully synthesized
68
Ga-DOTA-Bismethoxyphenylpiperazine for PET
imaging. Gallium-68 compounds have major bearing on
current and future clinical practice.

Aim: Dopamine neurotransmitter, having a critical role
in cell signalling processes acts on target cells through
two classes of G-protein coupled receptors, D1 and D2.
The neurotransmitter receptor Dopamine D2 is most
extensively studied by Positron emission tomography
(PET) due to the availability of a number of potent
antipsychotics that are high-af nity antagonists for the
D2 receptor. Gallium-68 has the potential to facilitate
the development of clinically practical PET and to
promote wide possibilities for 68Ga labeling of fragile
and potent macrocyles. Spiperone is a psychoactive
drug and a well-known D2 receptor antagonist. The
triazaspirodecanone moiety of spiperone is a major
determinant for its binding af nity and selectivity and is
known to retain its binding af nity towards dopamine D2
receptors even after a signi cant chemical modi cation.
Materials and Methods: The synthetic approach to the
formation of DOTA-bistriazole-bis-(1, 3, 8-triazaspiro[4,
5]decan-4-one) begins from the conjugation of the
alkynylatedspiperone and chloroacetylatedbisazide
conjugated trisubstitutedcyclen using “click chemistry”
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followed by the deprotection of the tertiary butyl groups
yielding the desired substrate. The compound was
radiolabeled with 68Ga in aqueous solution (ammonium
acetate buffer).
Results: The intermediates involved in the
aforementioned scheme were purified by column
chromatography giving good yields, and henceforth,
fully characterized with Nuclear Magnetic Resonance
(NMR) and mass spectroscopic techniques. The nal
68
Ga labeled DOTA-bistriazole-bis-(1, 3, 8-triazaspiro[4,
5]decan-4-one) was puri ed using High-performance
liquid chromatography (HPLC) and characterized by
NMR and mass spectroscopy.
Conclusion: The efforts were made to conjugate the
triazaspirodecanone moiety of spiperone using triazole
as linkers along with DOTA as the macrocycle. The
conjugated 68Ga based DOTA-bistriazole-bis-(1, 3,
8-triazaspiro[4, 5]decan-4-one) shall give us an insight
into the PET based receptor binding studies.
P-65

Our Experience with Gallium-68
Generators
M. K. Srivastava, H. Jain, M. Indirani,
S. Shelley
Department of Nuclear Medicine, Imaging Division, Apollo
Main Hospital, Chennai, India
Ge-68/Ga-68 Generator System is a boom for Positron
emission tomography-computed tomography (PET-CT)
imaging as the daughter product Ga-68 has all the
properties of becoming 99mTc of PET-CT. Its main use
in today’s era is in staging, treatment evaluation, and
follow-up of Neuro endocrine tumors (NETs). NET
accounts for 0.5% of all newly diagnosed carcinoma with
prevalence of 2.5–5.0 cases per 100, 000 people. Apollo
Hospitals, Chennai is one of the few hospitals in India,
who uses Ge-68/Ga-68 generator system supplied by
Isotope Technologies Garching (ITG), Germany. We
did 85 cases in the year 2010-11. The referral cases for
NET evaluation included GEP-NETs (36%), Cancer of
Unknown Primary Site (CUP) with neuroendocrine
metastases (32%). Other cases included Carcinoid lung,
medullary thyroid carcinoma (MTC), Paraganglioma,
etc., In 60% of CUP, primary site was diagnosed on Ga-68
DOTATATE scan. The pre-treatment evaluation upstaged
the disease in 45% patients. In follow-up cases, complete
response/stable disease was seen in 32% cases. Follow-up
of these patients for 6 months shows no sign/symptoms of
recurrence. This test has proved to be most cost effective
for the patient as it prevents expenditure on other tests like
CT, magnetic resonance imaging (MRI), ultrasonography
(USG), and other investigations. Overall, relatively less

number of cases at our centre could be due to relative rarity
of NET disease, lack of awareness among the referring
physician, and less advertisement. Steps we have taken
to increase number of cases include continuing medical
educations (CME) for referral physicians, aggressive
advertising. Other steps that can be taken are newer
Ga-68-labeled compounds for use in other malignancies
e.g., use of Ga-68 Selective high af nity ligand (SHAL)
in lymphoma and simpler labeling methods to decrease
laboratory-associated failures to name a few.
P-66

Evaluation of DO3MP-EA as
Bifunctional Bone Imaging Agent for
PET Application
Pooja Srivastava, Anjani K. Tiwari,
Anil Kumar Mishra
Institute of Nuclear Medicine and Allied Sciences,
New Delhi, India
Aim of the Study: Many phosphonate group-containing
molecules have shown signi cant potential to target
bone metastates. Wide range of non-specific bone
imaging agents has been used in clinical applications.
However, there is a need of functionalized and targeted
ligand to evaluate the local anomalies. As positron
emission tomography (PET) has better speci city and
sensitivity, good bone-seeker can be evaluated for PET
application. Ga (III) has shown good complexation
with tetraaza-based ligands and Density Functional
Theory (DFT) studies of metal complexes have been
successfully used for structure and stability studies of
metal complexes. Therefore, studies ware carried out
to explore triphosphonate-containing tetraaza based
macrocyclic compound with ethylamine at fourth
pendant (DO3MP-EA) as Ga based PET imaging agent.
Presence of amine group can facilitate loading of
different molecules such as biotin and cytotoxic drug,
etc., The compound of interest is an analog of 1, 4, 7,
10-tetrakis (methylphosphonic acid)-1, 4, 7, 10-tetraaza
cyclododecane (DOTMP), which has shown good results
as bone-seeking agent and exhibits good coordination
with metal ions both for diagnostic as well as therapeutic
applications.
Materials and Methods: The compound
10-(2-aminoethyl)-1, 4, 7, 10-tetraazadodecane-1, 4,
7-tris (methylenephosphonic acid) (DO3MP-EA) and
its Ga complex has been studied in this work. The
protonation and stability constant were determined by
pH-potentiometric titration. DFT studies were performed
to nd the optimized geometry and complexation energy
of DO3MP-EA. The DFT calculations have been carried
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out with three parameter density functional B3LYP using
standard 6-311G basis set.
Results: As DO3MP-EA showed good biodistribution
pattern, blood kinetic and imaging with 99mTc, it was
further evaluated as potential candidate for PET
application with Ga. The stability constant of chelate
with Ga (III) was found to be 18.6, which con rms its
ef cacy as Ga-labeled PET radiopharmaceutical for bone.
DFT studies re-enforced the stability of Ga (III) complex
with optimized structure of DO3MP-EA with -689.63
kcal/mol Gibbs free energy in aqueous phase.
Summary: DFT studies and potentiometric studies
proved Ga complex of DO3MP-EA as potential bone
imaging agent for PET, which showed ideal distribution
for bone application with 99mTc.
P-67

Cationic Eluate Pre-Treatment for
Automated Synthesis of 68-Gallium
Labeled Peptides

generator, the 68Ga-trapping and elution efficiency
of different commercially available cation exchange
cartridges has been tested and compared using various
protocols. Moreover, the in uence of these variations
on the labeling efficiency of [ 68Ga] CPCR4.2, [ 68Ga]
TRAP (RGD) 3, [68Ga] DOTATATE and [68Ga] PSMAHBED
were examined in the present study. Finally, the
optimized conditions were transferred to the automated,
cassette-based syntheses of the aforementioned
peptides. From seven tested cation exchange cartridges,
Chroma x PS-Hgave the best extraction results (!95%).
Moreover, we observed that solution of 5 M NaCl or 2.5
M CaCl2 (acidi ed and non-acidi ed) can be used for
cartridge elution. Using a disposable cGMP-compliant
cassette system, we obtained [68Ga] CPCR4.2 in 80%
decay-corrected yield and!99% purity. These data were
con rmed by the production of [68Ga] DOTATATE, [68Ga]
TRAP (RGD) 3 and [68Ga] PSMAHBED on the otherwise
identical cassette system.
P-68

Ga-DOTATATE Synthesis: Comparative
Study of Acetone and Sodium Chloride
Solution Based Methods for Purifying
68
Ga in the Eckert and Zeigler Modular
Lab System
68

Rene Martin, Albert Brennauer, Steffen Juttler,
Marco Muller, Hand-Jurgen Wester1
ABX advanced biochemical compounds GmbH,
Hein-Glaeser-Strasse 10-14, 01454, Radeberg, Germany,
1
Pharmaceutical Radiochemistry, Technische Universitat,
Munich, Walter-Meissner-Strasse 3, 85748, Garching,
Germany
Abstract: Due to the clinical success of somatostatin
(SST)-ligands, the development and evaluation of
68
Ga-labeled peptides have become a very active eld
in radiopharmaceutical chemistry. Therefore, a variety
of new peptide tracers have been developed, e.g., [68Ga]
CPCR4.2 for in vivo imaging of solid and haematological
tumors, [68Ga] TRAP (RGD) 3 [(1, 4, 7-triazacyclononane-1,
4, 7-tris[methylene (2-carboxyethyl) phosphinic acid]
Arginine (R), Glycine (G), and Aspartic acid] for
imaging of avb3-integrin expression or [68Ga] PSMAHBED
for imaging of PSMA-expressing prostate tumors.
As a consequence of different 68Ge/68Ga-generators
available on the market, much effort has been made to
standardize the quality and composition of different
generator eluates prior to labeling, and thus, to make
the labeling conditions independent from the generator.
For this purpose, several pre-processing procedures,
i.e., a puri cation and reduction of the eluate volume
and HCl concentration, have been developed. Recently,
a cationic puri cation process has been reported which
allows the pre- xation of 68Ga on a Varian SCX cation
exchange cartridge and subsequent elution of 68Ga.
To develop a ready-to-use disposable cassette system
for the automated 68Ga-labeling of peptides using a
SCINTOMICS GRP module and an iThemba Labs
96

Shimpi H. H. and M. G. R. Rajan
Radiation Medicine Centre, BARC, Tata Memorial Centre,
Annexe, Parel, Mumbai - 400 012, India
Abstract: The acetone-based cation exchange method for
purifying 68Ga usually leaves some amount of acetone
residue. After the labeling step, the reaction mixture was
puri ed by passing through tC18 column and eluted with
1.0 mL of 50% ethanol. Hence, the nal product contains
almost 10% ethanol, which is within the permissible limit.
Recently D. Muller et. al., and Deriusz et. al., have used
silica-based cationic exchanger and 5.0 M NaCl for the
68
Ga elution and puri cation. The aim of our study is to
compare [68Ga] 1, 4, 7, 10-tetraazacyclododecane-1, 4,
7, 10-tetraacetic acid (DOTA)-peptide synthesis in the
Eckert and Zeigler Modular Lab System using acetone
as organic eluant and NaCl as non-organic eluant.
The 68Ga generator (Obnisk E and Z) was eluted with
7.0 mL of 0.1 M HCl and the 68Ga were adsorbed on
cationic cartridge Strata-XC for the acetone method and
Strata-SCX for NaCl method. The 68Ga was directly eluted
with acidi ed acetone or different concentrations of
NaCl, 2.5 M to 5.0 M, acidi ed with HCl into the reaction
vial with high recovery. The reaction vial contained
DOTA peptides along with suitable acetate buffer.
Subsequently, the reaction mixture was heated to 850C
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for 400 sec, and the product was cooled and diluted with
3.0 mL of water for injection. For the acetone method,
the product was further puri ed by passing through
Sep-Pak tC18 cartridge and eluted with 1.0 mL of 50%
ethanol. Finally, it was sterilized by ltering through a
0.22 Pm membrane lter and diluted with 3.0 mL to 6.0
mL of normal saline. For the NaCl method, the reaction
mixture was directly diluted with water for injection
and sterilized by passing through 0.22 Pm membrane
lter. Approximately, 2.0 -3.0 mL of normal saline was
added to dilute the acetate buffer and also to make it
isotonic. The total time required for synthesis with the
acetone method required 17-19 min (n 70) while with
the NaCl method was about 12-14 min (n 7). The 68Ga
activity eluted using either by acetone or NaCl showed
very good recovery and very good labeling yield viz.,
75-84% and 84-93%, respectively. Both the cationic
cartridges showed very little retention of 68Ga activity.
The 68Ga-DOTA peptide labeled using Nail method did
not require through further puri cation process as it
always gave more than 95% radiochemical purity. The
use of NaCl to elute the 68Ga is a better method than
the use of acetone since no organic solvent is used and,
further, the 68Ga-DOTATATE produced is ! 95% and
does not require further puri cation.
P-69

Radio-Labeling Strategies of Stem
Cells
Vikas Sood, B. R. Mittal, Baljinder Singh, Anil
Bhansali, Neelam Marwaha
Department of Nuclear Medicine, Nehru Hospital,
PGIMER, Sector-12, Chandigarh, India
Stem cells are now increasingly being used for novel
regenerative therapies in various disorders and
disease states. In vivo cell tracking offers insight into
the underlying biological processes of stem cell based
therapies, with the aim of depicting homing and cell
function over time. Current imaging modalities have
been proposed for in vivo tracking and monitoring
biological fate of implanted stem cells, including
magnetic resonance imaging (MRI), single photon
emission computed tomography (SPECT), positron
emission tomography (PET), bioluminescence imaging
(BLI), and uorescence imaging (FLI) ) with quantum
dots (QDots). However, PET is now considered the
preferred modality because of the advantages it offers,
like convenience of labeling stem cells, minimal toxicity,
accessibility, better sensitivity and resolution, signal being
directly related to cell viability, and its use in any model.
Strategies for radiolabeling of stem cells: Two main
strategies for in vivo stem cell detection using PET have

been described as direct imaging and indirect imaging.
(1) Direct cell labeling with a radiotracer has been used
for many years to track cells in vivo. Typically, the cells in
a solution are incubated with a radiotracer for a de ned
period during which the radiotracer gains access inside
the cells. After the incubation, the supernatant containing
the unbound activity is removed. The labeled cells are
injected into the host and tracked over time. Radio
labeling of uorodeoxyglucose (FDG) with PET tracer
F18 is easily accomplished and does not require any
cellular modi cation except for the need to fast the cells.
The key drawbacks of direct labeling approach include
dilution of signal from cell division and lack of ability
to determine cell viability and function. (2) Indirect
imaging strategies are more complex, and one example
of indirect imaging that is now widely used is reporter
gene imaging. There are three different types of PET
imaging reporter gene strategies: Receptor-based,
Enzyme-based, and Transporter-based reporter gene
imaging systems. i) Receptor-based reporter gene
imaging system: Radiotracers are ligand molecular
probes. These probes interact with the cell receptors,
which in turn are encoded by specific genes. Such
interaction leads to entrapping radiotracer inside the
cells. Prominent examples are tracers that target the
dopamine 2 receptor (hD2R) and somatostatin receptor
subtype 2 (hSSTR2). (ii) Enzyme-based reporter gene
imaging system: In this approach, the marker gene
product is an enzyme, which converts radioactive
probe into a metabolite that is selectively trapped
in the transfected cells. A number of reporter genes
have been developed, including herpes simplex virus
type 1 thymidine kinase (HSV1-tk) and its mutant
form HSV1-sr39tk. Thymidine kinase phosphorylates
include a range of substrates such as thymidine, analogs
of pyrimidine and acycloguanosines. Derivatives of
these phosphorylates have been radiolabeled with
various isotopes and used for PET, such as Fluorine18
labeled 9-[3-fluoro-1-hydroxy-2-propoxymethyl1]
guanine (FHPG) and Iodine 124 labeled
2’-fluoro-2’-deoxy-5-iodo-1-beta-Darabinofuranosyluracl (FIAU). (iii) Transporter-based
reporter gene imaging system: Transport proteins can be
expressed in cell membranes and have high speci city
for certain compounds. For example, the sodium/iodide
symporter (NIS) can be visualised with radioactive
iodine. NIS has been utilized in combination with
Iodine124 to monitor reporter gene expression using
PET. The above three kinds of reporter probes could be
expressed as long as the cells survive and are passed to
the daughter cells upon cell division, so reporter genes
are useful for detecting the survival of implanted cells.
In addition, only viable cells can be detected, because the
accumulation of the reporter probes requires expression
of the reporter gene products.
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Fourier Transform Infrared
Spectroscopic Studies on Structural
Organization of DNA from Hepatic
Cancer Cells and Modulatory Effects
of AAILE
Sanjay Bharati, Praveen Rishi, Ashwani Koul
Department of Biophysics, Panjab University, Chandigarh,
India
Aim of the Study: The chemopreventive activity of
Aqueous Azadirachta indica leaf extract (AAILE) has
been established in various cancer models including
hepatic cancer. Cancer is known to result in various
alterations both at cytoplasmic and genetic levels. The
structural changes in DNA upon cancer development
have been reported recently. The present study
investigates the various structural modi cations of DNA
of liver cancer cells and the effect of AAILE on these
conformational changes.
Materials and Methods: The hepatic cancer model
was developed by intraperitoneal injection of
N-Nitrosodiethylamine (NDEA). Male BALB/c mice
were divided in four groups; NORMAL, NDEA, AAILE,
and AAILE NDEA. AAILE was administered orally
at a dosage of 100 Pg/g body weight thrice a week for
18 weeks to AAILE and AAILENDEA group animals.
NDEA was administered intraperitoneally, once a every
week, for a period of 8 weeks, starting with 10 Pg/g body
weight in the 3rd week and then increasing the dosage in the
following weeks in such a way, that each animal received
a cumulative dose of 200 Pg/g body weight. The AAILE
administration to the animals commenced two weeks prior
to NDEA treatment. After the completion of treatment
period, the mice liver cell DNA was isolated and processed
for FTIR spectroscopy in the frequency range 600-4000 cm-1.
Results: Numerous changes in the FTIR spectra of NDEA
and AAILENDEA group tumors were observed which
re ected alterations in the structure of DNA. The most
signi cant alterations were observed in sugar-phosphate
backbone of DNA, base pairing, net H-bonds and
phosphate I/phosphate II ratio. The pretreatment of
AAILE to NDEA group have shown to in uence the
structure of DNA and altered phosphate I/phosphate
II ratio towards NORMAL. Moreover, AAILE treatment
lead to the normalization of H-bonds re ecting alteration
in Sugar-phosphate backbone towards NORMAL DNA.
Conclusion: The observed changes in FTIR spectra
represent the damage in the primary, secondary and tertiary
structure of DNA, which is re ected in the modi cations
of bases and sugars, and redistribution H-bond network.
The treatment of AAILE to NDEA-induced tumors
98

resulted in the structure of DNA, which looks closer to
the structure of NORMAL DNA, thereby, indicating that
AAILE played important role in modulating the structure
of cancerous cell DNA towards normal conformation.
P-71

Development, Toxicity Evaluation
and Pre-Corneal Retention
Behaviour of a Novel Chelator Based
Ophthalmic Formulation Using
Gamma Scintigraphy
Neeraj Kumar, Rashid Ali, Nakse Lal Soni,
Gaurav Mittal, Aseem Bhatnagar
Institute of Nuclear Medicine and Allied Sciences, Defence
R and D Organisation, Brig. S. K. Mazumdar Marg,
Delhi - 110 054, India
Introduction: Ocular drug delivery system has remained
one of the most challenging tasks for pharmaceutical
scientists because of the nature of diseases and presence
of the ocular barriers. Most of the topically applied drugs
are washed off from the eye by various mechanisms
(lacrimation, tear dilution, and tear turnover) resulting in
low ocular bioavailability of drugs. Heavy metal toxicity
is a cause of concern for people working in heavy metal
industries, with eye being one of the most susceptible
parts due to continuous exposure to dust, fumes, vapors
or materials at workplace. Calcium di-sodium ethylene
diamine tetra acetic acid (CaNa2EDTA) is a well-known
chelating agent used against heavy metal poisoning. We
have developed an in situ gel ophthalmic formulation of
CaNa2EDTA for blocking the internalization of heavy
metals through eyes, including radioactive ones. The
objective was to maintain an effective concentration
of the drug in the eye for longer durations of time to
decrease the dosage frequency. Aim: The aim was to
develop an in situ gel formulation of CaNa2EDTA, its
toxicity evaluation and studying its pre-corneal retention
behavior using scintigraphic techniques.
Materials and Methods: In situ ophthalmic gel
formulation of CaNa2EDTA was optimized in terms
of its release profile, viscosity and osmolality. The
active pharmaceutical ingredient, i.e., CaNa2EDTA
was radiolabeled with technetium-99m so as to carry
out pre-corneal retention studies of the developed
formulation using scintigraphy. Various in vitro and
ex vivo experiments were conducted as part of the
characterization process. In vivo retention studies were
performed on the eyes of New Zealand white rabbits
using Single-photon emission computed tomography
(SPECT) system (Symbia T2). Dynamic scintigraphy
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images were taken for 20 min for retention at cul-de-sac of
eye followed by 2 min static images at 0.5, 1, 2, 4, and 6 hrs.
Sub-acute ocular toxicity study of in situ gel formulation
was also performed in rabbits. Morphological parameters
such as presence of any edema, erythema or eschar
formation in eyes post treatment were recorded. Eye
irritancy test was done to assess the irritancy potential
of in situ gel formulation on conjunctiva, cornea, and iris
of the eye in comparison to control. Further, cornea from
the animal eyes was isolated for any microscopic changes.
Results: The viscosity of optimized in situ gel formulation
was 50 cps, while the osmolality was 203 mOsm, which is
considered optimum for ophthalmic formulations. In vitro
release pro le indicated 20% permeation through mucus
membrane in 4 hrs, while ex vivo results indicated approx.
10-15% permeation through isolated goat eye cornea. In vivo
gamma scintigraphy images of eyes showed 30% retention
of in situ gel formulation up to 6 hrs. Toxicity studies
revealed no morphological changes post-administration of
the formulation. Eye irritancy test was found to be negative.
Histopathological studies of cornea showed no microscopic
changes as compared to control animals.
Conclusion: Results indicate that CaNa2EDTA in situ gel
formulation is retained for a prolonged period; is safe
and may be used for chelating heavy metals from eyes.
P-72

Fluticasone Propionate
Nanoparticle Dry Powder Inhalation:
Development, Characterization and
Pharmaco-Scintigraphic Evaluation
Amit Kumar, Raisuddin Ali, Gaurav Mittal,
Mita Dutta, Farhan Jalees Ahmad1,
Aseem Bhatnagar
Institute of Nuclear Medicine and Allied Sciences, Defence
R and D Organization, Brig. S. K. Mazumdar Marg,
New Delhi - 110 054, 1Department of Pharmaceutics, Jamia
Hamdard University, Hamdard Nagar, New Delhi - 110 062,
India
Background: Acute lung injuries caused due to
inhalation of toxic irritant gases such as ammonia,
chlorine, hot smoke, and burning plastic fumes
predominantly affect the airways, causing tracheitis,
bronchitis, and other in ammatory responses similar
to those seen in conventional respiratory disorders.
No such inhalable formulation is presently available
that can neutralize the effect of such toxic gases at the
portal of entry.
Aim: The study was aimed at developing and
characterizing nanoparticle-based Fluticasone
propionate (FP) dry powder inhalation formulation,

and to assess its in vitro and in vivo pulmonary
deposition using pharmacoscintigraphy techniques.
Materials and Methods: FP nanoparticles were prepared
by ultrasonication-assisted nanoprecipitation method.
Poloxamer F127 was selected as crystal growth inhibitor.
Optimization was done with the help of Box Behnken
statistical design. Drug concentration (X1), stabilizer
concentration (X2), and solvent antisolvent volume ratio
(X3) were independent variables (factors) considered
in the preparation of FP nanoparticles, while average
particle size was the dependent variable (response).
Gamma scintigraphy studies were conducted in healthy
human volunteers to assess the per cent deposition of the
drug in various lung compartments, after radiolabeling
FP nanoparticles with 99mTc using solid phase labeling
technique.
Results: Particle size varied between 101nm to
2294nm depending upon the factors mentioned above.
The optimized formulation was obtained at drug
concentration (5 mg/ml), poloxamer concentration
(6%) and S/AS volume ratio (0.05). The nanoparticles
were characterized with the help of scanning electron
microscopy (SEM), Fourier Transform Infra-Red
(FT-IR), Differential Scanning Calorimeter (DSC), and
X-Ray diffraction (XRD). Anderson cascade impaction
(ACI) showed that nano-FP exhibited significantly
higher respirable fraction of 60.3 r 2.41 as compared
to 16.4 r 0.66 for micronized form. Ventilation lung
scintigraphy in humans (n 6) validated the in vitro ACI
ndings, with clear evidence that the amount of drug
deposited in the lungs for nano FP was signi cantly
higher than commercially available micronized form. In
case of micronized FP most of the drug was deposited
in the oropharyngeal region, while in case of nano FP
signi cant increase in drug delivery until the alveolar
region of the lung was clearly visible.
Conclusions: Results indicate that the developed
formulation may have a role as a potential
prophylactic/therapeutic option against toxic pulmonary
edema and other in ammatory responses caused due to
inhalation of toxic, irritant gases such as ammonia and
chlorine. Phase-I studies are in progress.
P-73

Nano-Alendronate Dry Powder
Inhalation: A Novel Approach for
Decorporation of Inhaled Heavy
Metals
Gaurav Mittal, Shaheen Sultana1,
Dhruv Kumar Nishad,
Mahinder Kumar Chopra,
Farhan Jalees Ahmed1, Aseem Bhatnagar
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R and D Organization, Brig. S. K. Mazumdar Marg,
Delhi - 110 054, 1Jamia Hamdard University, Hamdard
Nagar, New Delhi, India
Background: Medical management of heavy metal
toxicity, including radio-metal toxicity is a cause
of concern because of their increased use in energy
production, healthcare, and mining industries. Since
inhalation is one of the primary routes through which
heavy metals can be internalized, a suitable formulation
is required that can trap the metal(s) at the portal of entry
itself, thereby, preventing their systemic absorption.
Aim: Objective of the work was to formulate and
characterize a nanonized dry powder inhaler (DPI)
formulation of alendronate sodium as a potential
inhalable antidote for chelating metal toxicants, and
assess its in vitro and in vivo pulmonary deposition using
gamma scintigraphy.
Materials and Methods: Nanosizing was achieved
by antisolvent precipitation technique. Nanoparticles
were characterized with the help of scanning electron
microscopy (SEM), Transmission electron microscopy
(TEM) and particle size distribution studies. Any change in
physical characteristics after nanosizing was determined
by Fourier Transform Infra-Red (FT-IR), X-Ray diffraction
(XRD), Differential Scanning Calorimeter (DSC), and
Nuclear Magnetic Resonance (NMR) spectroscopy
studies. A method to radiolabel alendronate nanoparticles
with 99mTc was standardized using stannous-based
reduction technology. A ventilation study was carried
out in healthy human volunteers to assess the per cent
deposition of the drug in various lung compartments.
Results: Nanoparticles of alendronate sodium were
prepared using Pluronic F68 as stabilizer with an average
particle size of 221.6 nm. Anderson cascade impaction
showed that nano-alendronate particles exhibited
signi cantly higher respirable fraction (58.25r1.32%)
as compared to micronized form (28.7r0.59%). Gamma
scintigraphy studies done in six human volunteers
showed significant increase in drug delivery until
alveolar region with nano-alendronate DPI. Whole
lung deposition was found to be 34.73 r 2.21% for
nano-DPI, while it was 4.72r0.54% for the micronized
form. Deposition of nanosized particles in various
lung compartments (viz., central, intermediate and
peripheral lung) was signi cantly greater as compared
to micronized drug. Ratio of peripheral to central lung
deposition (P/C ratio) was 0.89 for nano-DPI and 0.37
for the micronized formulation.
Conclusion: In conjunction with the known chelating
function of bisphosphonates, including alendronate,
the developed nanoformulation may have a role in
neutralizing heavy metal toxicity through inhalation
route, including radio-metal contamination.
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(IÀFDF\(YDOXDWLRQRID)HZ
Herbal Agents for Radioactivity
Decontamination of Potable Water
Using Radiometry
Harish Rawat, Gaurav Mittal, Sarwat Sultana1,
Ravi Kashyap, Aseem Bhatnagar
Institute of Nuclear Medicine and Allied Sciences, Defence
R and D Organisation, Brig. S. K. Mazumdar Marg,
Delhi - 110 054, 1Department of Medical Elementology
and Toxicology, Faculty of Science, Jamia Hamdard,
New Delhi - 110 062, India
Introduction: In the event of a nuclear disaster, all
sources of potable water including ponds, reservoirs
etc., in the vicinity may be contaminated due to
radioactive fallout, which may persist for several weeks.
A cost-effective, easy-to-use technology is therefore
needed to decontaminate potable water in hundreds
of thousand households, who would be living in areas,
although away from the actual site of disaster, but still
be susceptible to drink this contaminated water due to
radioactivity fallout effect.
Aim: The objective of present study was to evaluate
chelating efficiency of specific herbal agents like
Jamun bark (Black berry bark), Eucalyptus bark, as
well as Turmeric and Jamun seeds (black berry seed)
to minimize the radioactive/heavy metal burden from
household potable water.
Materials and Methods: Studies were conducted
in modi ed water puri er system comprising of an
indigenously developed herbal cartridge system.
Decontamination ef ciency was determined in terms
of removal of Iodine-131 (I-131), Thallium-201 (Tl-201),
Mercury-203 (Hg-203), and Barium (Ba-133). Identi ed
herbal agents were evaluated alone and in different
combinations for maximizing decontamination ef cacy.
Chelation efficiency of modified water purification
system was determined through radiometric analysis.
Results: Radiometric analysis showed that Jamun
bark had maximum chelating ef ciency against Tl-201
and I-131, while Eucalyptus bark was best suited for
chelating Hg-203 and Ba-133. However, maximum
decontamination was achieved when the herbal cartridge
contained all herbal constituents in a speci c proportion.
Conclusion: Our observations indicate that almost
complete decontamination can be achieved by using
combination of herbal products in a single modi ed
cartridge. Results presented in this study may help in
developing cost-effective methods for decontaminating
potable water during any nuclear emergency scenario.
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Radio-labeling and Biological
(YDOXDWLRQRI6LOGHQDÀO&LWUDWH
5HVSLUDWRU\ÁXLGDVD3RWHQWLDO
Treatment of Pulmonary
Hypertension
Thakuri Singh, Virender Singh Rathor,
Sandeep Soni, Neeraj Kumar,
Krishan Sawroop, Gaurav Mittal,
Pradeep Chugh, Aseem Bhatnagar
Institute of Nuclear Medicine and Allied Sciences,
Defence R & D Organization, Brig. S. K. Mazumdar Marg,
Delhi - 110 054, India
Background: Pulmonary arterial hypertension is
a progressive disease with poor prognosis that
ultimately leads to right ventricular failure and death.
Hypoxia-induced pulmonary hypertension (PHT) is
common in people who live at high altitude. Hypoxia
also plays a signi cant role in the pathogenesis of PHT
that accompanies chronic obstructive airway disease.
Apart from continuous oxygen administration, there
is currently no satisfactory treatment for the condition.
Sildena l citrate is a drug known to promote the release
of nitric oxide, resulting in vasodilation and thereby be
a potential therapeutic option against PHT.
Aim: The aim was to (a) standardize a radiolabeling
procedure for sildenafil citrate for its scintigraphic
evaluation as a potential therapeutic agent for PHT, (b)
in vitro and in vivo characterization of the radiolabeled
product, and (c) proof-of-concept human volunteer study
to ascertain the safety of the developed formulation.
Materials and Methods: Sildena l citrate was radiolabeled
with 99mTc using stannous chloride as reducing agent. The
labeling ef ciency of developed radiopharmaceutical was
ascertained by using Instant Thin Layer Chromatography
Silica Gel (ITLC–SG) chromatography paper as stationary
phase and 100% acetone as the mobile phase. Optimized
radiolabeled product was subjected to various quality
control parameters, including in vitro and in vivo
stability study, protein binding, blood kinetics, and
organ distribution in suitable animal models. Ventilation
studies were carried out in healthy human volunteers
after nebulizing the developed formulation through
indigenously developed ‘Anukool’ spacer to ascertain
the safety and drug distribution pattern in various lung
compartments. In addition, spirometry, pulse oxymetry
and echocardiography data was also generated in the
same volunteers pre- and post-treatment.
Results: Sildena l citrate was successfully radiolabeled
with Tc-99m with labeling ef ciency consistently ! 97%.

Tc-Sildena l was found to be fairly stable in vitro as well
in vivo, with serum stability data indicating that the labeled
drug remained bound to the chelate for up to 24 hrs. Blood
clearance of 99mTc-Sildena l in New Zealand white rabbits
showed a biphasic clearance pattern, with an initial phase
that exhibited a very fast drug clearance, followed by a
subsequent very slow phase. 99mTc-Sildena l showed a
high protein binding up to 24 hrs (54.9%). Biodistribution
studies con rmed maximum uptake in kidneys (45.1%)
followed by liver (11.5%) and intestine (6.6%) at 4 hr
interval, suggesting excretion through renal as well as
hepatobiliary routes. Gamma scintigraphy studies done in
human volunteers showed a high deposition of the inhaled
drug in various lung compartments, most importantly till
the alveolar region. Respiratory parameters (like Forced
expiratory volume in one second (FEV1), Forced vital
capacity (FVC), FEV1/FVC) and blood oxygen saturation
(SPO2) data was also collected and is being analyzed, the
results of which will be discussed.
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Biochemical Markers for Acute
Radiation Injury: A Preliminary Study
Sandeep Soni, Neeraj Kumar,
Dhruv Kumar Nishad,
Thakuri Singh, N. K. Chaudhury, Mitra Basu,
AseemBhatnagar, Neelam Chhillar1
Institute of Nuclear Medicine and Allied Sciences,
Defence R & D Organization, Brig. S. K. Mazumdar
Marg, New Delhi - 110 054, 1Department of Biochemistry,
Institute of Human Behavior and Allied Sciences,
New Delhi - 110 095, India
Background: Several biodosimetric approaches have been
evaluated in the recent past to identify markers for acute
radiation exposure in the event of mass causality involving
any radiological emergency. Based on the results of some
of our preliminary experiments, we hypothesize that
radiation exposure can cause dose dependant changes in
secretion of various salivary components.
Aim: The aim of the present study was to identify
suitable non-invasive biochemical markers within
salivary secretions after acute radiation injury in
animal model. Methods: Thirty Sprague Dawley rats
were divided into ve groups of six rats each. Each
group was then treated with single dose of whole body
gamma irradiation, ranging from 1Gy-5Gy (dose rate
0.9 Gy/min; SSD  120cm). Whole mixed saliva was
collected from all animals before and after radiation at
2, 24, 48, and 72 h post-radiation. Saliva was analyzed
for electrolytes, total protein, urea and amylase.
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Results: Intra group comparison of salivary parameters
at different radiation doses showed significant
difference. Potassium was significantly increased
as the radiation dose was increased from 1 Gy to
5 Gy (P d 0.05; r ! 0.5). Level of sodium in salivary
secretions also increased signi cantly after 3 Gy (P d
0.05; r!0.5), while the changes were non-signi cant
till 2 Gy. Urea, total protein, and amylase levels were
also significantly increased in a dose dependant
manner (P d 0.05).
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Conclusion: Constituents in salivary secretion, viz.,
sodium, potassium, urea, total protein, and amylase were
found to be sensitive to radiation injury in a dose dependant
manner and can be studied up to 72 hrs post-radiation.
The approach is being employed to con rm and establish
this non-invasive method in radiation exposed patients.
The technique could be helpful in identifying exposed
individuals requiring immediate medical intervention for
survival versus those who require palliative care only in
the event of any radiological emergency.

World Journal of Nuclear Medicine/Vol 12/Supplement 1/February 2013

Abstracts

ABSTRACTS
22nd Annual Scientific Meeting of
Singapore Radiological Society & College of
Radiologists Singapore
and 6th SGH Nuclear Medicine Update (2013)
This supplementary issue of World Journal of Nuclear Medicine contains most of the abstracts of the scienti c lectures
and presentations of the 22nd Annual Scienti c Meeting of Singapore Radiological Society College of Radiologists
Singapore; and 6th SGH Nuclear Medicine Update (2013). The abstracts have been edited and formatted to the extent
considered necessary for readers’ assistance. The views expressed/implied and the general style adopted remains
however, the responsibility of the authors.

Ajit Kumar Padhy
Editor in Chief, WJNM

World Journal of Nuclear Medicine/Vol 12/Supplement 1/February 2013

103

Abstracts

Nuclear Medicine Presentations
I. Abstracts of Invited Lectures

S-004

PET and the Tumor
Microenvironment

S-001

John Buscombe

Current Status of Multi-modality
Imaging

Cambridge University Hospitals, Cambridge, UK

Single-photon emission computed tomography (SPECT)
has traditionally been regarded as non-quantitative.
Advances in multimodality g-cameras Single-photon
emission computed tomography-computed tomography
(SPECT/CT), algorithms for image reconstruction, and
sophisticated compensation techniques to correct for
photon attenuation and scattering have, however, now
made quantitative SPECT viable in a manner similar
to quantitative Positron emission tomography (PET)
[i.e., kBqcm21, standardized uptake value (SUP)]. This
review examines the evidence for quantitative SPECT
and demonstrates clinical studies in which the accuracy of
the reconstructed SPECT data has been assessed in vivo.
SPECT reconstructions using CT-based compensation
corrections readily achieve accuracy for 99mTc to within
610% of the known concentration of the radiotracer in
vivo. Quanti cation with other radionuclides is also
being introduced. SPECT continues to suffer from poorer
photon detection efficiency (sensitivity) and spatial
resolution than PET; however, it has the bene t in some
situations of longer radionuclide half-lives, which may
better suit the biologic process under examination, as well
as the ability to perform multi-tracer studies using pulse
height spectroscopy to separate different radiolabels.

The development of molecular medicine and our
understanding of the processes of disease have been
mirrored by the development of molecular techniques
for imaging. Most of the current work involves cancer,
as this is where there is the most extensive knowledge
of what happens at a cellular level.
Even Fluorine-18 uorodeoxyglucose (F-18 FDG), though
often seen as a fairly non-speci c agent, is able to tell us
more about the tumor than its mere existence. FDG can
inform about the tumor cell function and the environment
around the tumor. Uptake of F-18 FDG depends on
delivery of the agent by tumor vasculature, uptake into
the cell and activity of hexakinase. If the cell is suf ciently
hypoxic, there will be differential uptake of FDG, too
hypoxic and perfusion will be too poor to allow uptake.
While much knowledge can be determined by biopsy,
this information is xed in time and site, and to provide
dynamic information about tumor function over time or
response to therapy repeatable, measurable functional
imaging is required, and this is what positron emission
tomography (PET) provides. To exploit the full utility of
PET, however, it would be useful to assess different factors
in the cell and its micro-environment, and this would need
speci c agents such as F-18 ML10 to identify apoptosis
as soon as 24 hours after administration of cytotoxic
chemotherapy, F-18 RGD peptides to identify active
angiogenesis, and use imaging to demonstrate the effect
of anti-angiogenic drugs. PET can look at cell metabolism
to F-18 FMISO, which can identify hypoxic tissue, C-11
methionine amino-acid uptake, and C-11 acetate fatty acid
metabolism. The use of these techniques is particularly
helpful when tumors become more heterogeneous,
especially after the treatment. One area of strength in
nuclear medicine has been the use of receptor imaging,
which has developed from use of single photon imaging
in neuroendocrine tumors using somatostatin receptors
to PET-based products such as Ga-68 DOTATATE. There
has been a close and growing relationship between our
expansion of knowledge of the molecular basis of tumors
and their microenvironment and our ability to image these
processes in-vivo using PET techniques.

S-003

S-005

The Image as a Biomarker in Cancer
Sandy McEwan

Radioiodine Remnant Ablation:
Paradigm Shift

Oncology, University of Alberta, Canada

Chandrasekhar Bal

D. W. Townsend
A*STAR-NUS Clinical Imaging Research Centre, Singapore
S-002

Clinical Applications of Quantitative
SPECT
D. Bailey
Department of Nuclear Medicine, Royal North Shore
Hospital, St. Leonards, Australia
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Department of Nuclear Medicine and PET, All India
Institute of Medical Sciences (AIIMS), New Delhi, India
This presentation is based on the results of our
recently concluded strati ed randomized equivalence/
non-inferiority trial from January 2001 to December 2006
to determine whether lower administered activities are
as effective as 3.7 GBq (100 mCi) of iodine-131 (I) for
remnant ablation.
Patients and Methods: The sample size was found to be
450 based on 80% power (D 5%) and non-inferiority
margin (G  0.15). We used an allocation ratio of 2 :
2 : 1 for the 0.93, 1.85, and 3.7 GBq (25, 50, and 100
mCi) groups, respectively. Randomization with
concealment was followed for patient group allocation.
All patients underwent pre-ablation I whole-body
scan, 48-h radioiodine neck uptake measurements
and post-therapeutic scans. The patients were advised
suppressive L-thyroxin therapy (2 Pg/kg/day). Repeat
evaluation was performed after 6 months, along with
thyroglobulin and antibody assays. The criteria for
ablation were as follows: Major criterion - negative
I whole-body scan; minor criteria - 48-h radioiodine
neck uptake less than or equal to 0.2% and stimulated
thyroglobulin less than or equal to 10 ng/ml.
Results: A total of 422 patients, who fulfilled the
inclusion criteria (360 papillary and 62 follicular), could
be recruited. As per American Journal of Critical Care
(AJCC), 6th ed.., we had 70, 11, and 19% of patients
in stage I, II, and III, respectively. First-dose ablation
was 81.5, 84.9, 88.5, and 84.2% in the 0.93, 1.85, and 3.7
GBq groups and overall, respectively. Histology had
no effect on ablation rate. The equivalence testing of
the hypothesis was conducted between the 0.93 and
3.7 GBq groups, the 1.85 and 3.7 GBq groups, and the
0.93 and 1.85 GBq groups. Results showed that, at a
signi cance level of 5%, the null hypothesis was rejected
for each pair.
Conclusion: First-dose Iodine ablation rates at 6 months
with 0.93, 1.85, and 3.7 GBq of I are equivalent with
the pre-speci ed clinically acceptable non-inferiority
margin. We conclude that we are probably administering
too much Iodine for remnant ablation (trial registration
number: CTRI/002291).
S-006

Diagnostic Imaging in Detection of
Metastatic Tumor Tissue in TENIS
Syndrome
Jasna Mihailovic
Department of Nuclear Medicine, Oncology Institute of
Vojvodina, Sremska Kamenica, Serbia

The diagnostic imaging procedures that have a role
in detection of malignant thyroid tissue include
radioiodine (131I) diagnostic whole-body scintigraphy
(WBS), neck ultrasound (US), computed tomography
(CT) and magnetic resonance imaging (MRI) for
evaluation of the mediastinal area. Recently, uorine-18
fluorodeoxyglucose (18FDG) has been added to this
list. Stimulated thyroglobulin (Tg) in association with
ultrasound and cytology has a high sensitivity to detect
nodal metastases in differentiated thyroid carcinoma
(DTC) patients. US is preferred for detection of nodal
recurrences in the central and lateral neck, but cannot
detect recurrences in the mediastinal area due to
interference with bone and air. Lymph node metastases
usually appear on ultrasound as round, hypoechoic
with microcalci cations or cystic components, and are
hyper-vascularized at Doppler. Cytological analysis
of nodal and Tg content in the aspirate also helps in
detection of metastases. Radioactive iodine-131 whole
body scans (131I-WBS) in association with stimulated Tg
has a high speci city in the detection of DTC recurrences.
However, 131I-WBS will detect uptake in 60% to 80% of
DTC patients with clinical lymph node metastases. One
third of recurrent DTC with rising serum Tg loses their
iodine avidity and shows negative WBS. In WBS negative
patients, detection of persistent or recurrent disease is
possible with CT, MRI, and 18FDG Positron emission
tomography-computed tomography (PET/CT). MRI
has several advantages in detection of DTC recurrences
such as multi-plane evaluation, better tissue contrast,
no radiation to the neck, and use of paramagnetic
contrast agent that does not interfere with subsequent 131I
therapy. Despite excellent morphologic characterization
of metastatic nodal recurrences, MRI cannot reliably
differentiate between benign and malignant lymph
nodes. Although it detects enlarged metastatic lymph
nodes, many small nodal metastases are usually missed.
Metastatic tissue in dedifferentiated thyroid carcinomas
does not concentrate radioiodine well and 131I-WBS is
negative despite elevated thyroglobulin (Tg) levels.
Although MRI helps in detection of these non-iodine
avid metastases, 18 FDG PET/CT performs more
effectively in these patients. Iodine positive metastases
are often negative with FDG-PET imaging while iodine
negative metastases exhibit increased FDG-uptake; so
called “ ip- op” phenomenon. If a metastatic lesion is
identi ed by FDG PET/CT, the usual approach is to refer
the patient to surgery for removal of neoplastic tissue, if
possible. This may be followed with re-treatment with
131
I therapy after tumor redifferentiation with retinoic
acid. Recent studies in animal models and patients with
non-iodine avid tumors have shown that several new
chemotherapy agents may induce differentiation with
restoration of radioiodine uptake suf cient to achieve a
therapeutic effect. Iodine negative thyroid cancer may
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express somatostatin receptors and radiopeptide therapy
may be utilized. If this is the case, radiopeptide therapy
may be performed. Ga-68 DOTATOC PET/CT may be
helpful in the selection of these patients.
Conclusions: FDG PET/CT is a modern hybrid imaging
diagnostic tool, which helps in the detection of non-iodine
avid metastases. It has a role in exact localization of
recurrences, which will assist in the decision to remove
the malignant tissue surgically.
S-007

Lobar Ablation: Suitable Alternative
to Completion Thyroidectomy
Chandrasekhar Bal
Department of Nuclear Medicine and PET, All India
Institute of Medical Sciences (AIIMS), New Delhi, India
Professional guidelines, both in Europe and North
America, recommend completion thyroidectomy (CT)
after lobe resection, except in very low-risk-differentiated
thyroid cancer patients (tumor less than 1 cm; unifocal
micropapillary carcinoma). Radioiodine lobar ablation
(RAILA), which avoids complications associated with
re-surgery, is an alternative that has been recently
explored in a few international centers. However, this
approach is being criticized as there are no published
data available on its long-term outcomes with respect
to recurrence rate, disease-free survival, and mortality
compared with standard of care. This study was
designed to compare the long-term outcome of RAILA
with that of remnant ablation after CT.
Materials and Method: Prospectively, collected data
were analyzed retrospectively from the case records
of patients treated in our thyroid clinic in the last 25
years. The records of all patients of RAILA (364) and
CT (372) were critically studied. Successful ablation
rate, cumulative dose needed for complete ablation,
recurrence rate, and recurrence-free survival were
estimated for each group. Comparison between the
two groups was made using the Statistical Product and
Service Solutions (SPSS) 11.5 statistical program.
Results: Radioiodine ablation rate at rst dose of RAILA
and remnant ablation after CT were 73 and 93.5%,
respectively (P 0.03). However, after the second dose
of I-131, the former group achieved successful ablation
in 92% of patients. After a median follow-up period of
5 years (range 1–23 years), seven patients developed
recurrence in the CT group (1.88%) and 14 in the RAILA
group (3.8%); this was not statistically signi cant (P 
0.168). The Kaplan-Meier disease-free survival curves
between the two groups were statistically not signi cant
(P 0.08). No cause-speci c mortality in either group has
been observed till date.
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Conclusions: Radioiodine lobar ablation is a safe, simple,
effective, and less expensive alternative to CT in patients
with differentiated thyroid cancer with comparable
long-term outcome in terms of recurrence rate and
disease-free survival.
S-008

Current Trends in the Use of rhTSH
in the Management of Thyroid
Cancer
Knut Liepe
Nuclear Medicine, GH Kassel, Kassel, Germany
Differentiated thyroid carcinomas (DTC) are an unusual
disease with a good prognosis, but the incidence rise
since 1973 of about 50%. In Germany, new thyroid
cancer are diagnosed in a frequent of about 30 in 1
million people per year, but the death rate is low with
ve deaths in 1 million people per year. The DTC are
divided in papillary thyroid cancer (typically frequent
in 15 to 35 years and lymphogenic metastases) and
follicular thyroid cancer (sporadic!20 years, frequent in
elderly patients and metastases via blood). The age is a
signi cant factor in recurrence-free survival; younger age
is a good prognostic factor. A special form is the papillary
microcarcinoma with an excellent recurrence-free
survival; tumors with a size!5 mm showed only in 3%
a recurrence within 35 years after diagnosis and a size
6–10 mm had recurrence-free survival in 86%. However,
own experiences showed also patients with papillary
microcarcinoma and lymph node metastases at primary
diagnosis.
Typically, treatment scheme is the surgical total ablation
of thyroid following a radioiodine ablation using 3.7
GBq of 131I. The patients should have an iodine scan
in hypothyroidism (TSH level ! 30) 4–6 months after
radioablation to control the treatment and exclude lymph
node and distant metastases. Before radioablation the
sensitivity of iodine scan is signi cant lower than after
total ablation, the normal thyroid cell has a higher uptake
of iodine than the thyroid cancer cell. The follow-up
schema is different in low-risk patients (T1 and T2, N0,
M0) and high-risk patients (all other tumor stage) in
our department. Low risk patients have an iodine scan
1, 5, and 10 years after primary diagnosis and a yearly
ultrasound and thyroglobulinot ot (TG) control. High-risk
patients underwent an iodine scan 1, 3, 5, and 10 years
after primary diagnosis and a half-yearly ultrasound and
TG-control. Treatment and follow-up scans with iodine
should be performing under adequately stimulated
TSH level (!30 mU/l) to optimize the iodine uptake by
stimulation of the sodium-iodide-symporter. There are
two option for TSH stimulation, withdrawal of thyroid
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hormone or alternative administration of recombinant
human TSH (rhTSH). For withdrawn hormones, the
patients discontinued the thyroxin (T4) for 8 weeks
and replace by triiodiothyronine (T3). The T3 should
be stopping 10 days before iodine administration. This
way is cheap but some patients have severe side effects,
such as fatigue, increase of body weight, reduce vitality
and social function. Some patients are incapacity for
work. The rate of side effects for rhTSH administration
is signi cant lower and includes e.g., nausea, vomiting
and headache. The rise of TSH is similar in cases with
withdrawn of hormones or rhTSH administration. A
disadvantage of rhTSH is the high costs for the drug.
RhTSH is approved for radioiodine ablation, whole body
scan using radioiodine and stimulated TG screening; in
our department, we use rhTSH also for the therapy of
metastases.
DTC is an unusual tumor with good prognosis, slow
growth and low rate of metastases. The iodine therapy
allows a speci c treatment of thyroid cancer cells if the
sodium-iodide-symporter is expressed. For optimal
condition for treatment or whole body iodine scan
the patient should be have a TSH!30 mU/l. For this
condition, rhTSH is an effective option with low rate of
side effects compare to withdrawn of hormones.
S-009

Bone Mineral Densitometry:
An Update
Manju Chandran
Department of Endocrinology, Singapore General Hospital,
Singapore
New developments in dual energy X-ray absorptiometry
(DXA) technology have resulted in major improvements
in diagnosing and monitoring osteoporosis and more
accurately determining future fracture risk. However,
despite the use of DXA scanning for more than 20
years and the development of educational societies
devoted to excellence in bone mineral density (BMD)
performance and interpretation, the errors that still
are occurring in performance, quality control and
interpretation are pervasive. In addition, despite the
large amount of clinical, epidemiological and basic
science data that has advanced our understanding of
DXA performance and interpretation, many pitfalls
in the performance and interpretation of DXA exist.
However, all these pitfalls can be overcome with
proper education and training in the use of DXA
technologies. It is also being increasingly recognized
that vertebral fractures that are often sentinel events in
osteoporosis are unfortunately often under-diagnosed
and under-treated. This presentation aims to address

the common pitfalls in the diagnosis and monitoring
of osteoporosis using DXA, provide some clinical tips
to overcome them, and highlight the importance of
Vertebral Fracture Assessment (VFA) in the diagnosis
and management of osteoporosis.
S-010

Novel Radioimmunotarged Therapies
in Pediatric Malignancies
Neeta Pandit-Taskar
Nuclear Medicine, MSKCC, New York, USA
Several pediatric tumors may metastasize to the
brain and leptomeninges, causing severe morbidity
and mortality. This is a major impediment to curing
pediatric cancers including leukemias and solid tumors.
Neuroblastoma is a common malignancy of childhood.
Despite improvements in survival, there is increase in
the incidence of neuroblastoma metastatic to the central
nervous system. Disease of the leptomeningeal space
may be followed by metastatic spread to the entire
central nervous system (CNS). Therapeutic strategy
directed at tumor cells in this space may help in early
control of disease. Prophylaxis of the leptomeningeal
space is likely to be important for patients at risk.
When delivered intrathecally, radioconjugates have
potential imaging and anti-tumor properties in the
treatment of CNS/leptomeningeal disease. Intrathecal
and intracavitary treatment of malignant gliomas with
radiolabeled antibodies have shown promising results
with tolerable toxicity. Our center has radiolabeled
monoclonal antibodies for patients with GD2-expressing
leptomeningeal neoplasms and used intraventricular
131
I-3F8 and 8H9 for imaging and therapy. Imaging
and therapy strategies using these antibodies will be
discussed.
S-011

Theranostics of Prostate Cancer –
Current Status and Future
Perspectives
Richard P. Baum
Chairman and Clinical Director, Theranostics Center for
Molecular Radiotherapy and Molecular Imaging, ENETS
Center of Excellence, Zentralklinik Bad Berka, Germany
The acronym Theranostics characterizes the emerging
eld of molecular targeting of vectors, e.g., peptides,
antibodies or small molecules, which can be used when
modi ed accordingly for both, therapy and diagnosis.
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When labeled with a positron or gamma emitter these
radiopharmaceuticals can be used for diagnosis [using
Positron emission tomography-computed tomography
(PET/CT) or Single-photon emission computed
tomography-computed tomography (SPECT/CT)],
and when labeled with a beta or alpha emitter, may be
applied for radionuclide therapy of a particular disease,
targeted speci cally by that radiopharmaceutical. The
importance of Theranostics is that molecular imaging
and diagnosis of the disease can be effectively followed
by personalized treatment utilizing the same molecular
vector and that success (and risk) of therapy can be
predicted as the tumor and organ uptake and retention
of the tracer used for imaging may be predictive of tumor
dose and possible adverse effects.
Prostate cancer (PCA) can be imaged with “unspeci c”
PET tracers such as 18F-fluorodeoxyglucose [FDG]
and 18F-fluoroethylcholine [FEC]. Peptides directed
against GRPR (gastrin releasing peptide receptor)
have been synthesized, and an antagonist, 1, 4,7,
10-tetraazacyclododecane-1, 4,7, 10-tetraacetic acid
(DOTA) Sarabesin 3 has been obtained, suitable
for labeling with a variety of medically appealing
radiometals, such as 68Ga for receptor PET/CT imaging
of PCA (and eventually for peptide receptor-mediated
radionuclide therapy (PRRT) when labeled with
177
Lu). Biodistribution studies in severe combined
immunode ciency (SCID) mice bearing human PC-3
xenografts at 1, 4 (with/without 40 nmol [Tyr4]BBN for
GRPR-blockade) and 24 h p.i displayed high and speci c
tumor uptake (40.0r6.9%ID/g at 4 h) of 68Ga Sarabesin.
These encouraging results were followed by rst clinical
studies in 23 patients (eight with breast cancer, nine with
prostate cancer, and six with other cancers) where we
applied the 68Ga-labeled GRP-R antagonist Sarabesin 3,
and evaluated biodistribution, pharmacokinetics and
tumor binding characteristics in patients with prostate
and breast cancer. Maximum standardized uptake
value (SUVmax) mean values (and standard deviation)
were pancreas 43.8r19.6, kidneys 5.4r1.2, blood pool
2.6r0.7, and liver 1.8r0.5. Tumor SUVmax mean values
(and range) were 3.6 (0.7–17.8). Four (50%) out of eight
patients with breast cancer and ve (55%) out of nine
patients with prostate cancer had pathological uptake
on 68Ga Sarabesin 3 scan. Initial attempts, which were,
however, not yet successful, were also made for PRRT
of patients with very advanced PCA (exhibiting strong
uptake on 68Ga Sarabesin PET/CT) administering the
177
Lu labeled peptide.
Monoclonal antibodies and small molecules that
recognize a specific protein on the prostate cell
membrane, Prostate Speci c Membrane Antigen [PSMA,
a complex transmembrane protein with an intracellular
and extra-cellular portion] have been labeled and used
as imaging agents and for radioimmunoscintigraphy
(RIS) and radioimmunotherapy (RIT). PSMA expression
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is signi cantly increased in prostate cancer, somewhat
proportional to the degree of malignancy, i.e., less in
very well differentiated tumors and higher in advanced,
undifferentiated (G3) PCA.
A PSMA minibody was produced by “phase appropriate”
manufacturing process in a 10 L disposable bioreactor
from an existing stable cell pool (CHO) using a generic
fed batch protocol and supplemented with end-product
biochemical characterization, functional validation,
and safety testing. The PSMA minibody was reacted
with 20-fold excess of DOTA-NHS for 30 minutes at
room temperature and subsequently sterile filtered
and aseptically vialed. Biochemical characterization
was performed using size exclusion chromatography
(SEC), sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS PAGE), Western Blot, Mass
Spectometry, and Isoelectric Focusing. Assays
con rmed a purity of 98% and an average of 5.9 DOTA
per minibody. The functionality of the anti PSMA
minibody was confirmed using in vitro and in vivo
assays: Enzyme-linked immunosorbent assay (ELISA),
Flow Cytometry, cell-based immunoreactivity (post
radiolabeling), and small animal PET xenograft studies
with isogenic cell lines (using release material) to con rm
selective targeting.
The anti-PSMA minibody (a humanized version of the
J591 antibody that recognizes the external epitope of
PSMA) was labeled with 111In-chloride (370–740 MBq)
for pharmacokinetic and biodistribution studies in
patients having castrate-resistant metastatic prostate
cancer base on serum PSA elevation, doubling time and
PET/CT imaging (18F uoride, 18F FDG, and 68Ga labeled
gastrin-releasing peptide receptor (GRP-R) antagonists).
Protein doses from 2 mg to 10 mg were explored.
Although the 111In-J591 minibody imaging protocol was
not designed to detect extent of disease, initial results
were encouraging and support future immuno-PET
studies using 89Zirconium-J591 minibody.
A different approach has identi ed molecules that inhibit
the enzymatic activity of PSMA with a high degree of
speci city. These molecules, urea-based heterodimers
[i.e., lysine-urea-lysine and glutamate-urea-lysine] have
high af nity for PSMA and are essentially antagonists
to the enzyme activity. They have been evaluated in
PSMA  tumor cell suspensions as well as in animal
models and show high af nity and speci city. Utilizing
derivatives of the lysine moiety, analogues of these
enzyme antagonists have been radiolabeled. Initially, a
123
I labeled agent became available for patient imaging.
It was recognized, however, that although images were
of suf cient quality to identify metastatic tumor, a 123I
labeled tracer was less desirable than a 99mTc labeled
agent that could be prepared from a kit. First studies have
been reported applying the 124I labeled tracer for PET/
CT imaging (and the 131I-labeled molecule for therapy).
At the present time, we are establishing a module for
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using the 68Ga-PSMA enzyme ligand for identifying
metastatic disease in both soft tissue and bone marrow,
and probably also for detection of intra-prostate tumor
foci in patients prior to prostatectomy (for pre-operative
staging and molecular radiation therapy planning
[(dose painting using intensity-modulated radiation
therapy (IMRT)]. BPAMD (4-{[bis-(phosphonomethyl)]
carbamoyl} methyl)-7, 10-bis (carboxymethyl)-1, 4,
7, 10-tetraazacyclododec-1-yl acetic acid) is a novel
bisphosphonate and a highly potent bone-seeking ligand,
which can be easily labeled with 68Ga and 177Lu, a beta
emitting radionuclide (with gamma emission enabling
also dosimetry). We present the rst clinical experience
of treating skeletal metastases in prostate cancer using
177
Lu-BPAMD.
BPAMD was prepared and labeled with 177Lu according
as reported by Fellner et al. 177Lu-BPAMD therapy was
performed in 6 prostate cancer patients (age 69r3 years)
with widespread, painful skeletal metastases (SM),
presenting with progressive disease and refractory to
conventional treatment. Up to now, 10 therapy cycles
were performed (administered activity of 3.5–6.2 GBq
per cycle). Four patients received 1 cycle, one received
2 cycles (cumulative activity 11.3 GBq) and one 4 cycles
(totally 19.9 GBq). All patients underwent 18F- uoride
PET/CT before/after therapy for assessment of SM.
Tests for blood cell counts, creatinine/BUN were
performed before therapy and serially in follow-up.
Five planar whole body images were acquired up to
120 hours post injection of 177Lu-BPAMD and dosimetry
was performed [MIRD/Organ Level Internal Dose
Assessment (OLINDA)] to estimate the dose to the whole
body, normal organs and metastases. Blood samples
were counted for radioactivity to estimate the dose to
the red marrow.
SUVmax of skeletal metastases ranged from 11.7 –
66.3 and intense uptake was seen on post-therapy
images with 177Lu-BPAMD. Whole body dose was
0.08 r 0.04 mGy/MBq, dose to the red marrow
0.07 r 0.03 mGy/MBq and kidney dose was 0.21 r
0.19 mGy/MBq. Due to the very long half life of the
radiopharmaceutical in the metastases (!80 hours), the
tumor doses delivered were much higher, ranging from
2.4–209 mGy/MBq (wide range due to different size of the
lesions). A signi cant reduction in osteoblastic activity of
the bone metastases was seen on the follow up 18F-PET/
CT. The treatment was very well tolerated by all patients
without any signi cant adverse effects. There were only
mild changes in the blood cell counts (not needing any
intervention), and no signi cant alterations of serum
creatinine/BUN or other lab parameters were observed.
In conclusion, 177Lu-BPAMD is a novel and very
promising radiopharmaceutical for the effective
treatment of osteoblastic metastases. Due to the
high tumor-to-background ratio in terms of the dose

delivered, very high activities in multiple cycles can be
administered without major signi cant hematological
adverse effects or any other organ toxicity.
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Milowsky MI, Nanus DM, Kostakoglu L, Vallabhajosula S,
Goldsmith SJ, Bander NH. Phase I trial of yttrium-90-labeled
anti-prostate-specific membrane antigen monoclonal antibody
J591 for androgen-independent prostate cancer. J Clin Oncol
2004;22:2522-31.

S-012

C-11 Choline PET/MRI Molecular
Pathology in Prostate Cancer
Andrew Scott
Nuclear Medicine and PET, Ludwig Institute for Cancer
Research, Heidelberg, Australia
S-013

PET in Therapy Monitoring
Berlangieri Salvatore
Austin Health, Austin, Australia
S-014

Bone Scintigraphy in Sports Injuries,
Trauma, and Orthopedics
Gopinath Gnanasegaran
Nuclear Medicine, Guy’s and St Thomas Hospital NHS
Foundation Trust, London, UK
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Diagnosis and Management of Sports injuries and
trauma is always challenging. In general, minimal
investigations are often required if the presentation is
clinically obvious. However, this may not be always true
and a proportion of patients may require relatively more
sensitive/speci c investigations such as Radionuclide
Bone Imaging or magnetic resonance imaging (MRI).
In the assessment of soft tissue injures, MRI is most
preferred, however, if it is not available, ultrasound
may used as an alternative investigation. Bone injury is
often seen in exercise or sporting injuries and to assess
these, a computed tomography (CT) scan may be useful.
Radiological investigations have some advantages and
limitations, which can be overcome by complementary
use of radionuclide bone scans. Radionuclide Bone
scintigraphy is often used in the early detection of
trauma, both acute and chronic scenario’s. With the
advent of Single-photon emission computed tomography
(SPECT) and later SPECT/computed tomography
(CT), the role of radionuclide imaging in sports injuries
and trauma is very exciting and challenging. The
contrast resolution of SPECT with the improved spatial
resolution of CT may change the diagnostic algorithm in
investigating patients with trauma and sports injuries.
Reporting such studies is a team effort, especially in
imaging elite athletes. In general, good communication
with the patient/referring team and awareness of
limitations of the techniques is an important factor in
getting the best out a scan. Planning of studies is equally
important in terms of patient positioning, site of injection
and processing (3D-reconstruction). Two or three phase
scans are mandatory over the region of interest (blood
pool is useful to differentiate fracture versus soft-tissue
injury). The lecture will cover (a) basic principles of
conventional radiological and radionuclide imaging
(planar, SPECT and SPECT/CT) in the investigation
of Trauma and Sports Injures. (b) Review the current
evidence and limitations of radionuclide imaging in
sports injuries and trauma. The lecture will cover (a)
Ankle and foot injury (b) Knee injury, (c) Wrist and hand
injury, (d) Spine injury, and (e) hip and pelvic injury.
Overall, radionuclide bone imaging is useful in the
investigation of Trauma and Sports Injures. However,
development and validation of diagnostic algorithms
for using radionuclide bone imaging (hybrid modalities)
may be useful for optimal and appropriate use in trauma
and sports injuries.

Further Reading
1.

Bone Scintigraphy update part 1 and 2: (A) Gnanasegaran G,
Fogelman I. Semin Nucl Med 2009;39:356; (B) Semin Nucl Med
2010;40:2.

2.

Fogelman, Gnanasegaran, Van der Wall, editors. Radionuclide
and Hybrid Bone Imaging. XIV, Springer’s; 2013. p. 1046.

3.

Vijayanathan S, Butt S, Gnanasegaran G, Groves AM. Advantages
and limitations of imaging the musculoskeletal system by
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conventional radiological, radionuclide, and hybrid modalities.
Semin Nucl Med 2009;39:357-68.

S-015

Radiopharmaceuticals for Bone
Metastasis: Beyond Pain Palliation
Neeta Pandit-Taskar
Nuclear Medicine, MSKCC, New York, USA
Metastatic disease to bones often leads to a number of
sequelae leading to considerable morbidity. A number
of pain reducing treatments are available including
non-steroidal analgesics and opiates, which are
most commonly used. External beam radiation
therapy is preferred for pain palliation from solitary
lesions and spinal compression. Radio pharmaceutical
therapy is used in patients with multiple metastases.
A number of radionuclides conjugated with bone seeking
pharmaceuticals have been used for relieving bone
pain. These agents have been shown to have ef cacy
in the treatment of painful osseous metastases and are
Food and Drug Association (FDA) approved for pain
relief from metastatic disease. Most are strong beta
emitters. Recently alpha emitters have been shown to be
useful in prostate cancer. This talk will review various
radiopharmaceuticals, indications, use and update on
clinical studies.
S-016

Ra-223: A New Hope in Prostate
Cancer
John Buscombe
Cambridge University Hospitals, Cambridge, UK
Prostate cancer is one of the most common male
cancers and in many societies is the most common.
There is a wide range of presentations but often in the
later stages, the cancer metastasises to the bones. The
bone metastases can be painful and may not respond
to hormonal manipulation or chemotherapy. Since
the 1950s, bone-seeking radiopharmaceuticals was
used to reduce pain. The rst of these were pure beta
emitters such as P-32 and later Sr-89. These agents were
effective in pain relief in about 70% of patients but often
resulted in signi cant bone marrow toxicity. The second
generation of agents were mixed beta and gamma
emitters, which were then attached to diphosphonates,
i.e., Sm-153 ethylenediaminetetramethylene phosphonic
acid (EDTMP) and Re-186 hydroxyethylidene
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diphosphonate (HEDP). Sm-153 EDTMP was the rst
radiopharmaceutical to be tested in a formal phase
III randomized controlled trial (RCT), which showed
signi cantly increased ef cacy in terms of pain relief
than placebo. As Sm-EDTMP was used clinically, it was
noted that patients who were treated every 3–4 months
seemed to live longer as well as pain relief. There had
been attempts to show this in a formal trial but no clear
data has emerged. The common problem with both
the beta and the joint gamma/beta emitters has been
irradiation of the normal bone marrow and subsequent
bone marrow toxicity. A group from the radium institute
in Oslo proposed the use of a bone seeking alpha emitter
radium-223. The short path length of the alpha particles
means that radiation should be deposited in the tumor
and not the normal bone marrow. Phase I and II trials
suggested a signi cant drop in Prostate-speci c antigen
(PSA) and alk phos with treatment with the only toxicity
being some diarrhea. The optimal dosing regime was
30 kBq/kg in four weekly cycles. A multi-national RCT
of 900 patients was powered for improved survival.
Early results published at American Society of Clinical
Oncology (ASCO) showed a signi cant improvement
in survival from 11.3 months to 14.9 months in the
treated group. Bone marrow toxicity was highest in the
placebo group due to tumor progression. Ra-223 is the
rst radiopharmaceutical to show a survival bene t in
patients with prostate cancer and bone metastases.
S-017

Radiosynovectomy in Bleeding Joints
of Hemophiliacs and Arthritis
E. Barrenechea, T. Y. Kok1, K. Liepe2
Veterans Memorial Medical Centre, Quezon City,
Philippines, 1Department of Nuclear Medicine, SGH,
Singapore, 2Nuclear Medicine, GH Kassel, Kssel, Germany
The procedure of Radiosynovectomy would entail a
single injection of a beta-emitting radiopharmaceutical
preparation. The radiopharmaceutical is directly
injected into the joint synovium to control and ablate
inflammation. The injected agents typically include
colloids or larger aggregates, which are assumed to
be rapidly phagocytized by synoviocytes and then
distributed within the synovium, primarily at the surface.
The radionuclides that have been used and evaluated to
a limited extent thus far include medium to high-energy
beta emitters, P-32, Y-90, Dy-165, Ho-166, Re-186, Re-188,
and Au-198. There are many other potentially useful
radionuclides, which also warrant future investigations.
While all the radionuclides have shown fair to good
results in limited clinical studies, a systemic study to
assess their effectiveness in a wider patient population

has not been carried out. They all have a combination of
advantages and disadvantages. The procedure is simple
with only minor intervention, it is less expensive than
any other therapy, it can be performed on an out-patient
basis, it can be effective in those patients who are not
suitable for surgical intervention, the procedure does not
require any rehabilitation process, and it is possible to
treat multiple joints simultaneously or at short intervals.
In a meta-analyses published in literature on the basis
of results obtained in 2190 joints during the period from
1971 to 1999, the overall response rate has been reported
to be 73r17%. The reported response rates in rheumatoid
arthritis, osteoarthritis, and in hemophilic arthritis
were 67 r 15%, 52 r 24%, and 91 r 4%, respectively.
Based on overall global experience, radiosynovectomy
can be considered as useful complementary therapy in
rheumatology. It cannot however replace the systemic
therapy. The procedure requires good teamwork
involving a rheumatologist, orthopaedic surgeon,
nuclear medicine physician, and a radiopharmacist.
In rheumatoid arthritis, there are many observational
reports, but there are very few prospective studies. It
has been shown that joints with more damage respond
less to the radiosynovectomy. Radiation exposure to
medical personnel is not a problem. Radiation exposition
to medical personal and family is below maximal annual
dose limit. No conclusive data on dosimetry is available.
Despite proving its usefulness in clinical practice,
the procedure has not been put to widespread use in
day-to-day clinical practice. This could be explained on
the basis of the concern about possible leakage, fear of
possible chromosomal damage (although literature data
does not support this fear), possible radiation to normal
cartilage and bone. On the other hand, the procedure
is definitely useful in hemophilia, decreasing the
episodes of hemarthrosis signi cantly, and is de nitely
cost-effective as compared to surgical synovectomy.
Details will be discussed by three experts and will be
concluded with an audiovisual presentation.
S-018

Peptide Receptor Radionuclide
Therapy of Neuroendocrine Tumors:
Experience in over 1100 Patients
and Long term Results
Richard P. Baum
Chairman and Clinical Director, Theranostics Center for
Molecular Radiotherapy and Molecular Imaging, ENETS
Center of Excellence, Zentralklinik Bad Berka, Germany
The strong expression of somatostatin receptors (SSTR)
2 by neuroendocrine tumors (NETs) enables peptide
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receptor radionculide therapy (PRRT), the molecular
internal radiation therapy of NETs. The most important
points to consider for PRRT are: Patient selection,
appropriate choice of peptide and radionuclide, kidney
protection, tumor and organ dosimetry (post-treatment
scans) and, monitoring of toxicity (follow-up).
In our hospital, which was certi ed as ENETS Center of
Excellence in March 2011, a dedicated multidisciplinary
team of experienced NET specialists is responsible for
the management of NET patients (over 1, 000 patient
visits per year). Patient selection for PRRT is based on
the Bad Berka Score (BBS), which takes into account
clinical aspects, and molecular features. The therapy
plan for each patient is individualized. Frequent therapy
cycles (4-6 and up to 8), applying low or intermediate
doses of radioactivity are suitable for these relatively
slow-growing tumors (“long term low dose, not short
term high dose concept”). For kidney protection, patients
are well hydrated and receive an amino acid infusion
containing lysine and arginine given intravenously for 4
hours beginning 30 minutes before PRRT. Renal function
is serially determined by Tc-99m MAG3 scan/TER and
by Tc-99m diethylene triamine pentaacetic acid (DTPA)
(GFR) measurements. Before each new treatment cycle,
restaging is performed by morphologic [computed
tomography (CT)/magnetic resonance imaging (MRI)]
and molecular imaging (Ga-68 SSTR PET/CT, in selected
cases fluorine-18 fluorodeoxyglucose (F-18 FDG) or
F-18 uoride Positron emission tomography-computed
tomography (PET/CT) studies are additionally
performed), blood chemistry and tumor markers. All
data are entered in a prospective structured database.
Another very important aspect is dosimetry. Estimation
of tumor and normal organ doses performed after PRRT
(using Lu-177 labeled somatostatin analogs DOTATATE
or DOTATOC) is important to ensure that maximum
dose is delivered to the tumors and therefore optimizing
an individualized treatment protocol.
Results in GEP-NET: In patients with progressive NETs
of non-pancreatic origin and pancreatic NETs (pNETs),
tumor response after a mean follow-up of 2 years was
as follows: After three PRRT cycles, complete remission
(CR), partial remission (PR), and minor response (MR)
were seen in 52% of patients with pNETs (and in 48%
in non pancreatic NETs); disease was stabilized in 39%
of pNETs and in 45% of patients with non pancreatic
NETs. Thirty-six patients with advanced disease died
of progressive disease (PD). Objective tumor responses
(including improvement of clinical symptoms) were
seen in 93% (91% pNETs) of the patients. Signi cant
hematological toxicity (mainly erythrocytopenia, rarely
neutropenia, and thrombocytopenia) occurred in less
than 15% of all patients. Myelodysplastic syndrome
(MDS) developed in ve patients (all of them received also
chemotherapy before). End stage renal insuf ciency was
not observed in any of the patients with normal kidney
112

function before PRRT. In most patients receiving Lu-177
DOTATATE alone (n 417 cycles), kidney function did
not change signi cantly. Therefore, the probability and
magnitude of renal toxicity can be signi cantly reduced
(or completely avoided) when PRRT is administered in
fractionated doses in patients without any pre-existing
risk factors and under appropriate nephroprotection.
Chemotherapy, diabetes mellitus, hypertension,
Hedinger’s syndrome, and cachexia were identi ed
as the risk factors for nephrotoxicity after PRRT. We
also have treated patients with progressive metastases
of NETs and with a single functional kidney (24
patients). None of these patients showed grade 3 or 4
nephrotoxicity. PRRT resulted in partial remission in 36%
and stable disease in 36% of the patients, 28% had PD. In
2009, we have given fractionated low dose PRRT to two
patients on hemodialysis (to the best of our knowledge,
this was the rst ever worldwide experience). The Bad
Berka neuroendocrine tumor center was the rst also
to use Y-90 DOTATATE, and in a large patient group,
Lu-177 DOTATOC in progressive NETs, non-responsive
to octreotide/interferon treatment or chemotherapy.
An important in uence on the decision of the choice
of radionuclide is the size of tumors. More commonly,
patients present with tumors of various sizes and in
homogeneous distribution of somatostatin receptors. The
use of a combination of radionuclides Lu-177 and Y-90
considers this heterogeneity. Sequential administration
of Y-90 and Lu-177 labeled analogs also is similarly
helpful for the treatment of larger tumors, followed by
treatment of smaller metastases respectively in further
treatment cycles. The Bad Berka neuroendocrine tumor
center (BBNETC) group pioneered the systematic use of
Y-90 and Lu-177 DOTATATE (DUO PRRT) in sequence
and concurrently, as well as the intra-arterial use of
Y-90 DOTATATE and DOTATOC. Lu-177 DOTATATE
or Lu-177 DOTATOC is predominantly used for
small metastases or in patients with impaired renal or
hematological func-tion. Long-term follow-up of up to
9 years after DUO PRRT showed no signi cant grade 3
or grade 4 nephrotoxicity attributed to concurrent or
sequential DUO PRRT. The median fall in tubular
extraction rate (TER) was lesser in patients undergoing
DUO PRRT than in those undergoing PRRT with Lu-177
or Y-90 alone. The results of a study by Ku-nikowska
et al., also indicated that tandem PRRT (with Y-90/Lu-177
DOTATATE) provided longer overall survival than with
a single radioisotope (Y-90 DOTATATE) and the safety
of both methods was comparable. Thus, in patients with
progressive NETs, fractionated, personalized PRRT
with lower doses of radioactivity given over a longer
period of time (Bad Berka Protocol) is effective even
in advanced cases and results in excellent therapeutic
responses. Up to eight cycles of PRRT, given over several
years were tol-erated very well by most patients. Severe
hematological and/or renal toxicity can be avoided or
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reduced. Quality of life can be signi cantly improved.
Though cure is rarely possible, excellent palliation with
signi cant improvement of symptoms can be achieved
by PRRT. In addition, neoadjuvant PRRT could be
administered in cases of inoperable NET to render the
tumor operable by inducing radiation-induced necrosis.
The analysis of 416 patients (all NET sub-types) treated
at the BBNETC showed a median overall survival from
the time of rst diagnosis of 210 months (Rotterdam data
128 months) and a median survival after rst PRRT of 59
months (Rotterdam data 46 months). 26 Our experience
con rms a previ-ous report from the Rotterdam group
that compared with historical controlsthere is a bene t in
overall survival from time of diagnosis of several years.
In progressive NETs, sequential (DUO) or concurrent
(TANDEM) PRRT with Lu-177 and Y-90 has been
found to be most effective (highest complete response,
partial response, stable disease (CR/PR/SD) rate).
However, PRRT should only be performed at specialized
centers as NET patients need highly individualized
interdisciplinary treatment and long-term care. Use of
intra-arterial PRRT (!100 treatments already performed
up to now) is more effective for selectively targeting
liver metastases and large, inop-erable primary tumors.
PRRT can be effectively combined with transarterial
chemoembolization (TACE), radiofrequency ablation
(RFA), chemother-apy (e.g., using Capecitabine,
Temazolomide or Doxorubicin), kinase inhibitors (e.g.,
Everolimus, Sunitinib or Sorafenib).

Further Reading
1.
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Imaging Using Ga-68 Labeled Tracers and PET/CT to Personalized
Radionuclide Therapy – The Bad Berka Experience. Theranostics
2012;2:437-47.
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Baum RP, Kulkarni HR, Carreras C. Peptides and receptors
in image-guided therapy: Theranostics for neuroendocrine
neoplasms. Semin Nucl Med 2012;42:190-207.
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Receptor Radiotherapy in combination with capecitabine in
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2012;5:363-6.
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Int J Mol Imaging 2011;2011:524130.
16. Salavati A, Prasad V, Schneider CP, Herbst R, Baum RP. Peptide
receptor radionuclide therapy of Merkel cell carcinoma using(177)
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S-019

PRRT of NET at the Medical
University of Innsbruck: Role of
Imaging of Functional Liver Reserve
in Patients with Liver Metastases
Irene Virgolini, Roland Haubner, Daniel Putzer
Nuclear Medicine and PET Center, Medical University of
Innsbruck, Innsbruck, Austria
Neuroendocrine tumors (NET) lesions expressing
abundant somatostatin receptors can be targeted with
radiolabeled compounds such as 90Y-DOTA-TOC or
177
Lu-DOTA-TATE. Our long-term experience at the
University of Innsbruck indicates that roughly 80% (i.e.,
overall response) of NET patients are successfully treated
by Peptide Receptor Radionuclide Therapy (PRRT).
Median applied activities for 177Lu-DOTA-TATE were
23.0 GBq (mean 22.5 r 11.7 GBq; acc. activity 1.7–61.2
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GBq) and 11.7 GBq for 90Y-DOTA-TOC (mean 11.5 r
6.0 GBq; acc. activity 1.5–31.2 GBq). In patients with
stable disease (i.e.~50% of patients), median survival
was 26.7 r 11.2 months, and time to progression was
16.3 r 8.3 months. In patients with partial response
(i.e., ~25%), median survival was 43.5 r 31.8 months,
and in patients with progressive disease median
survival was 11.8r6.5 months. Our recent results have
shown that changes in glucose utilization of tumor
lesions should be considered in the follow-up of NET
patients treated by PRRT. In the long-term follow-up
fluorine-18 fluorodeoxyglucose positron emission
tomography (18F-FDG PET) is of prognostic value for
NET patients and may help to identify patients at risk
of progression. Therefore, all our patients are followed
by 68Ga-DOTA-TOC as well as 18F-FDG PET/CT every
6 months. Control of liver status before and during
PRRT would bene t from corresponding diagnostic
tools. For example, patients who are potentially eligible
for selective internal radiation therapy (SIRT) are
candidates for liver scintigraphy, in order to stratify
patients according to the peri-interventional risk. The
radiotracer developed initially for this application
is [99mTc] glactosyl-neoglycoalbumin ([99mTc] NGA),
which was later replaced, mainly due to the fact,
that the new tracer can be produced using a kit
formulation, by [99mTc] diethylenetriamine-pentaacetic
acid galactosyl human serum albumin ([99mTc] GSA).
These compounds bind to the asialoglycoprotein
receptor (ASGP-R), a hepatic cell surface receptor speci c
for galactose-terminated glycoproteins. This receptor
consists of two subunits (human hepatic lectin 1 and 2)
and is exclusively expressed on the sinusoidal surface
of mammalian hepatocytes. A signi cant decrease in
ASGP-R is seen in patients with chronic liver diseases.
It has been demonstrated that [99mTc] GSA and dynamic
single photon emission tomography (SPECT) using
corresponding kinetic models (e.g., 3-compartment
model) allows estimation of regional hepatic function
based on the determination of the concentration of the
ASGP-R. For example, these compounds have been
used for quantification of liver function in patients
with liver metastases of hepatoma, distinction between
hepatic focal nodular hyperplasia and hepatocellular
carcinomas, and control of functional liver mass during
chemotherapy in breast cancer patients. Our most recent
studies provide a promising new 68Ga-labeled compound
for imaging the functional hepatocellular mass.
S-020

Dosimetry in Peptide Receptor
Radionuclide Therapy
%RĪHQD%LUNHQIHOG
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Department of Nuclear Medicine, Pomeranian Medical
University, Szczecin, Poland
Neuroendocrine tumors (NETs) represent a group
of human tumors expressing somatostatin receptors
(SSTRs). They can be targeted with radiolabelled
somatostatin analogues. Imaging of NETs with
radiolabelled somatostatin analogues is an important
diagnostic procedure. Treatment of NETs with
radiolabelled somatostatin analogues is an increasingly
important therapeutic procedure. What is important to
achieve a good therapeutic result?
Radiolabelled agents speci cally targeting tumors
Potential to deliver high dose to tumors, sparing
normal tissue
Ability to predict therapeutic dose and response to
get the biological effect
Ability to avoid side effects (nephrotoxicity is the
major limiting factor)
Council Directive 97/43/EUROATOM states that: “For
all medical exposure of individuals for radiotherapeutic
purposes, exposure of target volumes shall be
individually planned; taking into accout that doses
for non-target volumes and tissues shall be as low as
reasonably achievable and consistent with the intended
radiotherapetic purpose of the exposure.” Normal organ
dosimetry is necessary to determine whether a treatment
is feasible and tumor dosimetry is necessary to determine
whether a treatment is worthwhile. Patient-specific
dosimetry is usually not routinely performed. It is
viewed as too dif cult and expensive, needing too much
effort. There is lack of standardized approach/tools for
calculating patient-speci c doses. Different factors besides
the mean absorbed doses in uence the tissue response.
It can be organ shape, tissue density, inhomogenity,
inhomogeneous activity distribution, specific tissue
radiosensitivity, dose rate, and fractionation. Most of
these factors can be accounted for by addressing the linear
quadratic (L-Q) radiobiological model to Peptide Receptor
Radionuclide Therapy (PRRT). The L-Q model is used to
show biological response to radiation. A central feature
of L-Q methodology is the quantity known as Biological
Effective Dose (BED), which may be used to quantify the
radiobiological impact of a treatment on both tumors and
normal tissues. BEDs allow for the quantiative assesment
of the biological effects associated with different patterns
of radiation delivery. The BED concept is used widely in
conventional radiotherapy, but there are some problems
to be solved in application it into radionuclide therapy.
There is lack of knowledge of some radiobiological
parameters, dif culties in incorporating exact temporal
uptake/clearance pro les into the model, limitations
in the L-Q model itself; it is useful but, of necessity,
simplistic. Very practical and most commonly used is
OLINDA/EXM (Organ Level Internal Dose Assessment
with an Exponential Modeling) by Michael Stabin. This
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dedicated software provides average dose estimates at
the organ level assuming standard phantom models,
with possible organ mass adjustment according to patient
speci city. So far, there has not been a universal, clinically
practical dosimetry method for the PRRT. Recently,
special interest was gained by 3D image based approach.
Functional and anatomical 3D images derived from
Positron emission tomography-computed tomography
(PET/CT) and Single-photon emission computed
tomography-computed tomography (SPECT/CT) can
provide useful information. Image based dose calculation
can be practical to implement clinically. To perform
dosimetry calculations in nuclear medicine scintigraphic
images and/or biological samples (blood samples, urine
samples) as input data are required. It can be series of
scintigraphic planar images, which show biokinetics
of the tracer over the time – 2D dosimetry. Preferably,
SPECT and SPECT/CT fused images should be done
to get information about correct organ delineation and
intra-organ activity distribution- 3D dosimetry.
S-021

PET Imaging Optimisation and
Dosimetry
Dale Bailey
Nuclear Medicine, Royal North Shore Hospital, Australia
S-022

Patient Education Program in PRRT
Josh Mailman
NorCal CarciNET, Oakland, CA USA
S-023

PET in Dementia
Berlangieri Salvatore
Austin Health, Austin, Australia
S-024

Imaging in Parkinson’s Disease and
Parkinsonian Syndromes
Vikram Lele
Jaslok Hospital and MRC, Mumbai, India

Parkinson’s disease (PD) is characterized by loss of
dopaminergic neurones in the substantia nigra. These
neurons project to the caudate Nucleus and putamen.
Dopamine released in the synaptic cleft is taken up by
presynaptic neurones through dopamine transporters
(DAT). In PD, these DAT become deficient. There
are several syndromes designated “Parkinson’s Plus
syndromes”, which demonstrate features of PD with
additional clinical findings of dementia, autonomic
disturbances, and gaze palsies. These syndromes
include Progressive Supranuclear Palsy (PSP), Cortico
Basal Ganglionic Degeneration (CBGD), and Multi
System Atrophy (MSA). These syndromes, especially
in their earlier stages are dif cult to distinguish from
Parkinson’s disease. This distinction is important since
the prognosis and management of these syndromes
differ from Idiopathic PD. Imaging in Parkinsonism,
unlike many other neurological conditions is not
considerably used. It is majorly a clinical diagnosis.
However, recent studies showed that an unexpectedly
high rate of misdiagnosis occurred if the diagnosis was
based on only the clinical diagnostic criteria. Moreover,
in early stage of disease it is important to differentiate
it from other non-parkinsonian disease. Imaging can
be helpful in these strata of patients. According to the
results of an autopsy series of 100 patients with a clinical
diagnosis of PD made by neurology experts, only 76%
were de nitively diagnosed to have Parkinson’s disease.
In addition, motor disturbances began only after a loss
of approximately 70–80% of striatal dopamine, resulting
in a long “latent” stage preceding the development
of clinical manifestations. These facts imply that
the accuracy of diagnosing these conditions needs
improvement. Positron emission tomography (PET)
and Single-photon emission computed tomography
(SPECT) have enabled non-invasive, in vivo visualization
of the progression of striatal neuronal function in PD
patients. The ability to noninvasively detect altered
nigral structure or striatal dopamine terminal function
potentially provides valuable tools that can help
increase diagnostic speci city for dopamine-de cient
parkinsonian syndromes and rationalize management
decisions at initial stages of disease. 99mTc-TRODAT-1
imaging provides a single, simple, and useful method
for evaluating patients with suspected Parkinsonism.
It is a useful agent for DAT imaging to assess early
dopaminergic neuron loss. In addition, 99mTc-TRODAT
in our study with 220 subjects, no side effects/reaction
was found. Using 99mTc-TRODAT-1, we found that
there was significant decrease in tracer uptake in
striatum implying dopaminergic deficit in patients
with Parkinsonism, which is consistent with previously
published paper using 99mTc-TRODAT-1. It was also
observed that there was signi cant correlation between
the side of onset where symptoms were present and
side found abnormal on TRODAT scan. It was the
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contralateral striatum showing reduced uptake of tracer
i.e., dopaminergic de cit. In the study by Weng et al.,
it is quoted that loss of the DAT was most severe in
the contralateral putamen compared with the controls,
followed by the ipsilateral putamen, contralateral
caudate nucleus, and ipsilateral caudate nucleus. The
selective loss of the DAT in contralateral striatum
especially putamen was the characteristic nding of
the PD patients. It was also seen that patients who had
symmetric disease did not show any signi cant side
predilection. Dopaminergic de cit was also seen in other
form of Parkinsonism that is in PSP, MSA, Diffuse Lewy
Body Disease (DLBD), and CBGD; though the patients
studied in this group were less as compared to PD.
TRODAT scans were also very useful in distinguishing
drug induced parkinsonism from idiopathic Parkinsons
disease. Using a combination of TRODAT and
uorodeoxyglucose (FDG) PET, characteristic patterns
are seen helping to differentiate between the various
types of Parkinson’s plus syndromes. Using FDG
Positron emission tomography-computed tomography
(PET-CT), patients with Idiopathic Parkinson’s disease
usually have a normal scan. However, patients with
Parkinson’s Plus syndromes demonstrate certain speci c
patterns of metabolic abnormalities like superior frontal
hypometabolism in PSP, asymmetrical, unilateral cortical
and sub cortical hypometabolism in CBGD, and mid
brain and cerebellar hypometabolism in MSA. Nuclear
Medicine thus now has powerful tools in SPECT and PET
to help the neurologist in diagnosis and management of
Parkinsonism.
S-025

The History of Nuclear Medicine at
Brookhaven National Laboratory: Six
Decades and Still Counting
Suresh C. Srivastava
Brookhaven National Laboratory, Upton, New York, USA
Since their introduction in the 1940s, peaceful use of
stable isotopes and radioisotopes in the United States
(and the rest of the world) has expanded continuously.
Traditional industrial use is continuing, and use of
radionuclides for food irradiation, sterilization of
medical supplies, for diagnostic and therapeutic
nuclear medicine, and other applications has quickly
gained public acceptance. Approximately 20 million
diagnostic procedures and several hundred thousand
therapeutic treatments using radionuclides are
conducted at medical centers each year in the United
States alone. This gure is about twice for the whole
worlds. Significant increases in medical research
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have increased the need for new research isotopes
for advanced applications. Isotopes are a signi cant
component of the U.S. economy, with over $300 billion
in sales and 4 million jobs related to their use for
various applications.
In nuclear medicine, the use of radionuclides began
following the development and installation of a cyclotron
at UC Berkeley in the late 1930’s. The rst cyclotron
produced radionuclide was I-131, which began to
be used for treating thyroid disorders. It is still used
widely for this as well as many other applications such
as cancer imaging and therapy. The real growth began
following the development at Brookhaven National
Laboratory (BNL; Brookhaven), established in 1947, of
the technetium-99m (Tc-99m) generator in the late 1950’s.
At the present time, every day, about 110, 000 medical
imaging procedures worldwide (with more than 40, 000
in the U.S. alone) rely on Tc-99m, to image various organs
and disease conditions in patients using gamma cameras,
including SPECT (single photon emission computerized
tomography). Tc-99m now is the most commonly used
medical isotope in the world. Its birthplace is BNL and
this radionuclide totally changed the face of nuclear
medicine and has saved millions of lives. Many BNL
scientists contributed to keep improving the Tc-99m
generator and developing multiple Tc-99m based
imaging agents.
Though the element technetium had been studied
and isolated in the 1930s, it wasn’t until 1957 that
Walter Tucker and Margaret Greene at BNL developed
the first Mo-99/Tc-99m generator at BNL. Shortly
thereafter, Powell “Jim” Richards, who oversaw BNL’s
radioisotope production program, became convinced
that Tc-99m could be a valuable tool for medical
imaging. Largely through Richards’ championing
of this isotope, others in the medical and scienti c
community began to take notice. Despite an initially
tepid reception, efforts to patent the isotope failed as
most of ces including the Atomic Energy Commission
(AEC), a predecessor of the current U.S. Department
of Energy, deemed Tc-99m as an isotope purely for
research and laboratory purposes. In 1961, Brookhaven
met the first order for a Tc-99m generator sent to
Argonne Cancer Research Hospital in Chicago for use
in blood ow measurements. There, the hospital’s Paul
Harper observed its application to imaging thyroid
gland and brain tumors, sparking a new wave of
interest. Within 6 years, the demand for Brookhaven’s
generator became so high that the Lab had to pass
production to commercial generator companies.
Today, Tc-99m is administered worldwide into more
than 40 million patients annually. In recognition of
Brookhaven’s role in the development of Tc-99m,
the commercial technetium-99m generator producer
Covidien (formerly Mallinckrodt) created an exhibit,
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“We are the Generators,” for the 2010 Annual Congress
of the European Association of Nuclear Medicine in
Vienna, Austria, and also at the 2011 SNM meeting
in San Antonio, Texas. There have been many other
occasions of this type worldwide.
Technetium-99m is just one of many medical isotopes
developed at Brookhaven. Among many others, the
list includes uoro-deoxy glucose (F-18 FDG), which is
now the most sensitive and widely used isotope in PET
(positron emission tomography) imaging, thallium-201,
which is still considered the “gold standard” for heart
stress tests, and Ga-68 (the Ge-68/Ga-68 generator
was developed at BNL in the early sixties) for multiple
PET imaging applications. Overall, it would not be an
exaggeration to claim that almost 95% of all diagnostic
imaging procedures worldwide are performed using
these three radionuclides.
A number of other relatively new modalities such as the
treatment of metastatic bone pain, radiation synovectomy,
bone marrow ablation, and others, have given additional
impetus to need for research on therapeutic radionuclides
tailored for speci c applications. It is in this molecular
arena that Brookhaven Lab is exploring diagnostic and
therapeutic effects of dual-purpose radionuclides, as
well as radionuclide pairs of the same element, with
emissions suitable for diagnostic imaging and therapy.
For this treatment, we coined the term “theragnostic,”
not yet in the dictionary but now accepted and appearing
in the medical literature. At Brookhaven, we have been
pursuing this goal for more than two decades. In the
early 1980s, our work on a “dual-purpose” radionuclide,
tin-117m, convinced us it is one of the most promising
theragnostic radionuclides, and we have continued to
concentrate on this effort. Now, BNL is carrying out
studies with tin-117m, which not only images coronary
artery vulnerable plaques, but can also be used to treat
these plaques in the cardiovascular system. Tin-117m is
also effective in treating symptoms such as bone pain
in cancer patients, as well as potentially effective in the
treatment of metastatic bone disease. To re-emphasize,
this combination of molecular imaging and therapy
might very well lead to personalized medicine and mark
the future of the eld of nuclear medicine.
However, we do have obstacles to overcome. A major
problem to be resolved is the lack of availability, in
suf cient quantities, of a majority of the best candidate
theragnostic radionuclides with high purity and high
speci c activity. Before we can realize this treatment in
routine clinical practice, we must develop an increased
and reliable availability, at a reasonable cost, of some of the
best theragnostic radionuclides. Fortunately, this has been
achieved in the case of tin-117m as a result of our 10-year
collaborative research effort (1999-2009) between BNL and
major research institutes in Russia, including the Institute
of Nuclear Research, Moscow State University, and
others, which has been supported by the Department of

Energy/National Nuclear Security Administration Global
Initiative for the Prevention of Proliferation Program.
At Brookhaven Lab, we have had unique facilities,
such as the Brookhaven Linac Isotope Producer (BLIP)
with its unparalleled ability to provide a domestic
and international supply of isotopes to the medical
community. This allows us to do the research that
keeps providing us with better and better avenues for
advancing and improving healthcare on a global scale.
Brookhaven is the birthplace of nuclear medicine and the
development and production of novel and/or dif cult to
produce radionuclides continues to be one of our major
strengths. BNL has been the birthplace of many medical
isotopes, and the research done here has improved
millions of lives, and enabled the early stage diagnoses,
the key to saving patients. This research has immensely
bene tted humanity.
This work was supported by the U.S. Department of
Energy (NNSA NA-24 IPP Program, and the NE/Of ce of
Isotope Programs, now the NP Of ce of National Isotope
Programs), under Contract DE-AC02-98CH10886 at
Brookhaven National Laboratory. Additional research
grant support by Clear Vascular Inc., including a
Cooperative Research and Development Agreement
(CRADA) with BNL, is gratefully acknowledged.
S-026

&DQ&DUGLDF,PDJLQJ,QÁXHQFH
Patient Outcome?
S. Richard Underwood
Professor of Cardiac Imaging, Imperial College London,
Royal Brompton Hospital, Sydney St, London, UK
S-027

High-Speed Cardiac Perfusion
Imaging 2013: Singapore Experience
Felix Keng Yung Jih
National Heart Centre, Singapore
S-028

Current Trends in V/Q SPECT/
SPECT-CT
Elizabeth Bernard
Nuclear Medicine, Royal North Shore Hospital, Sydney,
Australia
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S-029

Theragnostic Use of Dual-Purpose
High LET Electron Emitters for the
Imaging and Treatment of Active
Atheromatous Disease
Suresh C. Srivastava
Brookhaven National Laboratory, Upton, New York, USA
Nuclear medicine has experienced an exponential
resurgence of interest in radiotherapeutic procedures.
Using unsealed sources for radionuclide therapy is not
a new concept; it has been around for over ve decades
starting with the development of among others the
treatment of thyroid disorders with radioiodine.
However, recent advances in molecular biology have led
to a better understanding of cancer and other disease
states, and parallel research has shown promise for
biological vehicles such as monoclonal antibodies,
speci c proteins and peptides, and a variety of other
intelligently designed molecules, to serve as speci c
carriers to deliver cell-killing radiation into tumors in a
highly localized fashion. These developments have led
to a renewed interest in the exciting possibility of treating
human malignancies with the systemic administration
of radionuclides. A number of other relatively new
modalities such as the treatment of metastatic bone pain,
radiation synovectomy, bone marrow ablation, and
others, have given additional impetus to need for
research on therapeutic radionuclides tailored for speci c
applications. A major advantage of radionuclides is that
they emit radiation of different radiobiological
effectiveness and range of action. This offers the
possibility of choosing a nuclide the physical and nuclear
characteristics of which are matched with a particular
tumor type, or the disease under treatment. In addition,
certain dual-purpose (“theragnostic”) radionuclides that
seem to offer the exciting potential of pre-therapy
low-dose imaging followed by higher-dose treatment in
the same patient, thus possibly bringing us a major step
closer to personalized medicine, are of great interest. We
are re-introducing and reinforcing this relatively novel
paradigm that involves speci c individual theragnostic
radionuclides or radionuclide pairs with emissions
suitable for both imaging and therapy, and which when
molecularly (selectively) targeted using appropriate
carriers, would allow pre-therapy low-dose imaging plus
higher-dose therapy in the same patient. We have made
an attempt to sort out and organize a number of such
theragnostic radionuclides and radionuclide pairs that
may thus potentially bring us a major step closer to the
age-long dream of personalized medicine for performing
tailored low-dose molecular imaging [Single-photon
118

emission computed tomography-computed tomography
(SPECT/CT) or Positron emission tomography-computed
tomography (PET/CT)] to provide the necessary
pre-therapy information on biodistribution, dosimetry,
the limiting or critical organ or tissue, and the maximum
tolerated dose (MTD), etc., followed by performing
higher-dose targeted molecular therapy in the same
patient with the same radiopharmaceutical. Beginning
in the 1980’s, our work at Brookhaven National
Laboratory (BNL) with such a “dual-purpose”
radionuclide, tin-117m, convinced us that it is arguably
one of the most promising theragnostic radionuclides
and we have continued to concentrate on this effort. Our
results with this radionuclide are therefore covered in
somewhat detail in this presentation. As mentioned
above, Sn-117m (t½, 14.0 days; J 159 keV, 86%) shows
considerable promise as a theragnostic radionuclide due
to its nuclear, physical, and chemical characteristics. In
our experience, it certainly is one of the best radionuclides
for the development of theragnostic radiopharmaceuticals,
in particular, for nuclear oncology. In contrast to most
other therapeutic beta emitters, Sn-117m decays via
isomeric transition, with the emission of three major
mono-energetic conversion electrons (127, 129, and 152
keV; abundance 65%, 12%, and 26%, respectively). These
emissions with a very high linear energy transfer (LET)
have short discrete ranges of between 0.22 (127 keV) and
0.29 mm (152 keV) in water. Therefore, Sn-117m when
selectively targeted should be effective for therapy of
metastatic disease and for certain other in ammatory
conditions (e.g., atherosclerotic disease), causing much
reduced myelosuppression and greatly reduced dose to
normal organs. This was shown in our earlier experiments
in which whole-body autoradiographies performed in
mice and rats after the administration of the bone
localizing agent Sn-117m (4)- diethylene triamine
pentaacetic acid (DTPA) demonstrated selective
targeting and high uptake in bone by this agent, but not
in bone marrow or other organs, suggesting the expected
effectiveness of high-LET low-energy conversion
electrons to produce intense radiation dose within a very
short distance without affecting normal tissues, in
particular, the radiation-sensitive bone marrow. With
this same agent, our Phase I/II clinical studies showed
the same result in whole body images in prostate and
breast cancer patients, who had developed extensive
bone metastases. In one patient, who died of his primary
cancer 47 days after therapy with 18.6 mCi of Sn-117m
DTPA, autopsy was carried out 6 h after death. A
scintigraph of three longitudinal coronal slices (5 mm
thick) of thoraco-lumbar vertebrae, from this patient
showed uptake of Sn-117m DTPA as being both diffuse
(T8) and heterogeneous (L1). Partial involvement within
a single vertebra indicated non-uniform distribution of
radioactivity within the lesion, suggesting heterogeneous
distribution of metastatic foci. Thus, the unique
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therapeutic emissions of Sn-117m also imply that their
therapeutic effectiveness will be highly localized and
should be lesion-speci c and thus more effective. The
use of Sn-117m DTPA is also very worth considering for
an early-stage disease at which time, there would be the
possibility of slowing or even stopping the progression
of further metastatic lesions. Moreover, having the
159-keV J photon (86%), which is very similar to that of
technetium-99m, Sn-117m is perfect for pre-therapy
imaging for dosimetry and for other information in the
same patient as well as for monitoring the results of
treatment. Tin-117m, in addition to being a good
therapeutic agent for cancer, also shows promise for the
noninvasive molecular imaging and treatment of active
atheromatous disease [vulnerable plaque (VP), also
known as thin-cap fibroatheroma (TCFA)], in the
coronary arteries and other areas of vasculature through
the use of (i) coronary stents electroplated with Sn-117m
or (ii) speci c Sn-117m-labeled molecules systemically
targeted to VP components. In the United States, there
are, on an average, about 875, 000-1, 000, 000 new heart
attacks every year, and these are caused by two different
types of atherosclerotic disease: Luminal calci ed plaque
and extraluminal active atheromatous disease leading
to the formation of vulnerable (unstable) plaque [VP].
These VP’s form below the lumen in coronary artery
walls, and in ammation is the main driver. A thin cap
on the lumen side usually covers VP. When ruptured,
the thin cap “releases” highly thrombogenic material
activating clotting cascade and inducing thrombosis.
Approximately more than 120 substances are expressed
in ruptured VP (including collagen) and when rupture
results in thrombosis, it can cause unstable angina, chest
pain, acute myocardial infarction (MI), sudden coronary
death, and stroke. The luminal-calci ed plaques are
easily detected by existing diagnostics, and the patient
has a number of treatment options. However, VP
develops and models positively outside the arterial
lumen and cannot be detected by non-invasive imaging
techniques. Unfortunately, a majority of all signi cant
cardiac events (~70%) leading to MI, including sudden
death, are caused by the rupture of these thin-cap
broatheroma lesions, not lumen atherosclerosis. The
properties of Sn-117m as applied to VP are unique and
signi cant. At therapeutic doses, the conversion electrons
from Sn-117m have been shown to reduce in ammation,
and thus, are ideal for treating VP’s, as their range in
tissue (~300 Pm) is approximately the same as the VP
thickness in human coronary arteries. Sn-117m-DOTA
–Annexin [TA] effectively targets and binds to
macrophage cells undergoing apoptosis, which are
present in abundance in VP’s. In relatively low doses,
TA can image the plaque using traditional SPECT gamma
cameras with technetium-99m collimators and imaging
protocols. A clinical trial with TA, begun in 2010, is
currently in progress. At present, the phase IIa study (15

subjects) involves human carotid endarterectomy
patients who are dosed and imaged for VP, with
histology as the comparison. Further clinical trials (phase
IIb and phase III) are in the planning stage. In recent
studies in an Apo-E mouse VP model, in doses that
appear to be imaging doses, tin-117m-Annexin has
demonstrated a signi cant anti-in ammatory therapeutic
effect. The plaque composition showed signi cantly less
expression of macrophages in the low, middle, and high
dose treatment groups as compared to the control group.
In contrast, smooth muscle cell expression was greater
in the middle and high dose groups as compared to the
control, and in the low dose group, the difference was
statistically signi cant between the low vs. middle and
high dose groups. Because in ammatory cells are more
radiosensitive than other arterial wall cell types, the
conversion electrons should exhibit a beneficial
anti-in ammatory effect in diseased coronary arteries.
Since 28 days, corresponding to two half-lives of
Sn-117m, is believed to be roughly the optimum period
for neoproliferative tissue suppression, including
neointimal proliferation after angioplasty and other
primary interventional treatments in the coronary
arteries and other vasculature, radiotherapy with
Sn-117m should provide highly effective treatment, with
minimal collateral damage to adjacent, quiescent arterial
wall cells because of its low-energy conversion electron
emission and short penetration in tissue. At BNL, a novel
radioactive stent stably electroplated with Sn-117m was
developed as a therapeutic tool for the treatment of
atherosclerotic coronary arteries. Effects on vessel wall
inflammation from various doses of electroplated
Sn-117m were studied in hyperlipidemic rabbit aortas.
Three days after stent implantation (four doses: zero,
[cold tin], 30, 60, and 150 PCi Sn-117m per 15 mm stent),
the rabbits were sacrificed. Immunohistochemical
analysis of proliferating macrophages and smooth
muscle cells demonstrated that in ammatory cells in the
Sn-117m-stented segments were dramatically reduced
in a dose-dependent manner. The anti-in ammatory
therapeutic effectiveness of the tin-117m-stent implants
was further demonstrated in a preliminary study in pigs
(24 pigs, 72 bare metal stent implants: 0–400 PCi Sn-117m
per 15 mm stent), which was carried out to investigate
the effects on in-stent neointima formation. A profound
and unique radiation effect was consistently observed
in the higher dose implants, which consisted of a discrete
zone of dense connective tissue consolidation in the
tunica adventitia, of ~ 0.25–0.30 mm thickness,
corresponding to the anticipated tissue penetration of
the Sn-117m conversion electron energy. Focal
suppression of in-stent neointima formation was also
observed, but further study will be needed to determine,
with certainty, the therapeutic potential of
Sn-117m-electroplated stents for prevention of in-stent
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restenosis. To summarize, tin-117m shows great promise
as a means to reduce in ammatory events following
stent implantation, and when delivered systemically to
atherosclerotic tissue using speci c targeting molecules
(e.g., Annexin-V), is effective in low doses to image and
in higher doses to reduce the vulnerability for rupturing
of unstable coronary artery plaques. No-carrier-added
(NCA) Sn-117m is also being developed and tested for
the therapy of bone metastases and for use in
radioimmunotherapy. A phase I clinical trial for the
imaging and treatment of bone metastases using Sn-117m
DTPA in prostate cancer patients is in the planning stage
for late 2013.
S-030

Evolving Scintimamography - The
Avatar - Initial Experience with
Molecular Breast Imaging
V. Rangarajan, N. C. Purandare, Sneha Shah,
Archi Agrawal
Department of Nuclear Medicine and Molecular Imaging,
Tata Memorial Centre, Mumbai, India
Introduction: Molecular Breast Imaging (MBI) is Food
and Drug Association (FDA) approved technique
of imaging 99mTc methoxyisobutylisonitrile (MIBI)
distribution and uptake in the breast. It is performed
by either a pixilated sodium Iodide crystal detector
or a dual head solid state (Cadmium zinc Telluride)
detector system. Focal accumulation of the agent
is seen in breast malignancies and in some benign
conditions. The X-ray based Mammography is the
most common method to evaluate breast lesions and
in screening. The Breast Imaging-Reporting and Data
System (BIRADS) system developed by the American
College of Radiology (ACR) is the format of reporting
mammograms. Similarly, a LEXICON has been
developed by a group of breast imaging experts to
describe scintigrams of MBI.
Objective: To evaluate 99mTc MIBI MBI performances
in suspicious breast masses and compare it with digital
mammography.
Results (%)

DMG

95% CI

MBI

95% CI

Sensitivity
6SHFLÀFLW\
PPV
NPV
FNR
FPR

73.88
80
95.15
37.5
26.2
20

65.35-80.94
59.30-93.17
89.03-98.41
23.81-50.44

95.52
64
93.43
72.73
4.4
38.4

90.37-98.31
36.64-77.89
86.89-96.42
45.72-88.11

DMG=Digital mammography

120

Materials and Methods: One hundred sixty two women
underwent MBI 20 minutes after injection of 20 mCi
of 99mTc-MIBI with dual solid-state detector dedicated
system (GE Discovery NM750). Images were obtained
in cranio-caudal and medio-lateral oblique views with
at least 5 minutes acquisition for each view. Patients also
underwent digital mammography (DMG) and biopsy as
per standard protocol. Radiological performance was
evaluated keeping histopathology as the standard. One
hundred and ten patients were less than 50 years old
and 52 patients were above 50 years of age. Images were
interpreted as per scintimammography lexicon. BIRADS
category was used for digital mammograms.
Results: The sensitivity of MBI was better in women of
50 yrs (dense breast) as compared to DMG (95.1% vs.
73.8%) with similar speci cities (63% vs. 78%).
Discussion: The low false negative rate and high sensitivity
being the strength of MBI, its potential role in diagnostic
chain and screening is evolving. Newer approaches have
been described to decrease false positivity and unnecessary
biopsies. With magnetic resonance imaging (MRI) evolving
as equally sensitive technique, the MBI has a potential
to increase the overall accuracy, by its better speci city
compared to MRI. Positron emission mammography is
another high impact challenging modality that detects
positron emitting radiopharmaceuticals uptake and
distribution in the breast a. The scanner has special
modifications to obtain better geometry and higher
sensitivity of breast, making them breast speci c.
Conclusion: MBI has higher sensitivity than digital
mammography though the speci city is lower. It has
lower false-negative rate. False-positives are expected
to decrease with experience.
S-031

The Role of Combined Hypoxia/
Glycolytic Imaging In Glioma
Treatment Planning
Andrew Scott
Nuclear Medicine and PET, Ludwig Institute for Cancer
Research, Heidelberg, Australia
S-032

Routine Cyclotron production of
Tc-99m
Sandy McEwan
Oncology, University of Alberta, Canada
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O-001

Impact of Single End of Treatment
18F-FDG PET CT in Node Positive
(N2) Squamous Cell Carcinoma of
+HDGDQG1HFNDIWHU'HÀQLWLYH
Chemoradiation for Guiding
Management and Predicting Outcome
P. S. Choudhury, S. Rawat1, A. K. Dewan2,
S. K. Gupta3, S. A. Rao4, V. Chauhan, A. Pruthi
Nuclear Medicine, Rajiv Gandhi Cancer Institute and
Research Centre, Delhi, 1Radiation Oncology, Rajiv Gandhi
Cancer Institute and Research Centre, Delhi, 2Surgical
Oncology (Head and Neck Services), Rajiv Gandhi Cancer
Institute and Research Centre, Delhi, 3Medical Oncology,
Rajiv Gandhi Cancer Institute and Research Centre, Delhi,
4
Diagnostic Radiology, Rajiv Gandhi Cancer Institute and
Research Centre, Delhi, India
Aim: To evaluate the role of a single post treatment
fluorine-18 fluorodeoxyglucose positron emission
tomography (18F FDG PET CT) study in node positive
Squamous cell carcinoma (SCC) of head and neck after
de nitive treatment.
Materials and Methods: Forty patients, diagnosed SCC
of head and neck T (any) N2M0 on conventional staging
workup during 2009-10 were included. All were treated
with de nitive chemoradiation (CCT RT) and underwent
18F FDG PET-CT study (Siemens Biograph) at 3 months
after completion. Standard whole body and regional
Positron emission tomography-computed tomography
(PET-CT) acquisition protocol was followed. CT was
used for attenuation correction and localization without
IV contrast. Focal abnormal areas of increased metabolic
activity (non physiological) with maximum standardized
uptake value (SUVmax)!3.0 (normalized to body weight)
in the areas of known primary, lymph nodes or other
areas of interest were taken as positive for active disease.
Relevant statistical analysis were performed. End points
were either minimum 12 months follow-up/disease free
survival or progression.
Results: There were 35 males and 5 females (n 40), average
age 54.7 years. Thirty- ve percent had involvement of
tongue, 23% larynx and pharynx, 15% pyriform sinus,
and 25% involving other areas. Thirty patients (75%)
had a normal PET study (Group I) 10 patients (25%) had
a positive PET study (Group II). Twenty-six had a long
disease free interval and disease progression was seen in
four in Group I. In Group II shorter time to progression

was seen in four patients with multi-organ metastasis and
six patients had residual neck nodal disease on PET who
subsequently underwent neck dissection (HPve 6/6)
with a better outcome (P 0.005). Mean disease free interval
in groups I and II were 26.8 months ( 95% CI 23.86–29.73)
and 16.20 months (95% CI 9.5–22.89) respectively (log rank
test P 0.41). The sensitivity and speci city of PET was
found to be 71.4% ( 41.9–91.6%), and 100% (86.7–100%),
respectively, with a positive predictive value (PPV) of 100%
(69.1–100%) and NPV of 86.7% (69.3–96.2). The negative
likelihood ratio was 0.29 with a disease prevalence rate of
35% (20.6–51.7%). The odds ratio between the groups was
4.3333 95% CI 0.8357–22.5).
Conclusions: Our results show that a single PET study
at the end of treatment can direct appropriate future
management strategies, individualize treatment and
predict outcome. Normal study is an indicator of long
disease free survival.
O-002

F-18 FDG Labeled Leukocytes
PET-CT Infection Imaging in Patients
with Diabetic Foot and Osteomyelitis
at St. Luke’s Medical Center: A Pilot
Study
J. C. L. Gomez, A. J. Domingo, J. F. Y. Santiago
Nuclear Medicine Department, St. Luke’s Medicial Center,
Philippines
Objectives: This study aims to determine the potential role
of 18F- uorodeoxyglucose labeled leukocytes (FDG-WBC)
positron emission tomography with low-dose CT scan
(Positron emission tomography-computed tomography
(PET-CT)) in infection imaging in patients with
diabetic foot and con rmed or suspected osteomyelitis
in St. Luke’s Medical Center (SLMC), Quezon City,
Philippines.
Materials and Methods: Eleven patients (six men, ve
women; mean age of 49r18.6 years) with diabetic foot or
suspected/diagnosed with osteomyelitis were enrolled
in this study from November 2009–October 2012. In vitro
labeling of autologous human leukocytes with 18F-FDG
was performed. Labeling ef ciency and cell viability
values were determined. A PET-CT scan of the site of
infection was acquired 65.1r8.4 minutes after injection
of 96.4r42.5 MBq of uorodeoxyglucose white blood
cells (FDG-WBC). Three Nuclear Medicine physicians
interpreted the scans as positive or negative for infection.
PET-CT results were compared with a reference
standard: Histopathology or clinical end-diagnosis.
Results: There was good quality for all images. Computed
radiochemical purity and cell viability were high with
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mean values of ! 95% and 98.6 r 1%, respectively.
Labeling ef ciency was sub-optimal with a mean of
17.4r6%. Final diagnoses were procured for all eleven
patients, by histopathology and bacterial culture ndings
in seven patients and clinical follow-up in four patients.
No adverse reactions were encountered. One patient was
excluded from the study due to a cardiac event during
the scan. Ten out of 11 patients showed positive PET-CT
results. Nine of these had concordant nal diagnoses of
infection. The one false positive PET result had a nal
diagnosis of Giant cell tumor. Only one patient had a
negative PET-CT nding but was discordant with the
reference standard. The nal diagnosis was positive for
infection, and the patient ultimately underwent right
foot amputation. There were nine concordant results
and two discordant results.
Conclusion: FDG-WBC PET-CT scan is a useful tool
in infection imaging among patients with diabetic foot
and osteomyelitis at SLMC. FDG-WBC PET-CT scan has
shorter radiotracer half-life, waiting time post-injection,
scan duration and with superior spatial resolution than
currently established nuclear medicine infection scans.
O-003

The Pilot Study To Evaluate the
Effectiveness of Radiosynoviorthesis
of Sacroiliac Joints with
Rhenium-186
M. Vereb, L. Kaliská1, K. Liepe
Klinikum Kassel, Nuklearmedizin, Kassel, Germany,
1
Department of Banská Bystrica, INMM, PET CT Agel
Diagnostic, Slovak Republic
Purpose: Intraarticular injected beta-emitting
radionuclide (radiosynoviorthesis, RSO) is an established
form of therapy in persistent in ammatory joint diseases.
It is saved, accepted, and good documented procedure.
Standard employment of radiosynoviorthesis is known
in rheumatic and psoriatic arthritis and also in other
different types of joint diseases as mono-, oligo- and
polyarthritis, haemophilic arthritis, pigment villonodular
synovitis, lymes boreliosis. Commercially available
are: Ytrium-90, recommended for knees, Erbium-169
recommended for metacarpal/metatarzophalangeal and
interphalangeal joints, Rhenium-186 recommended for
hip/shoulders, elbow, wrist/ankle and subtalar joints.
According to literature review the improvement of joint
pain after RSO was noticed in period longer than 2 years
in 40–90% of cases, in dependence on affected joint and
type of arthropathy. At present, there are no available
data in the literature concerning application of RSO in
the case of aseptic sacroiliitis, what is the in ammatory
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disease of one-joint or both-sacroiliac joint, most
frequently seen in psoriatic arthritis, spondylopathy or,
major histocompatibility complex (HLA)-B 27 positivity.
The disease usually manifests 5–10 years after existence
of disease. Without suitable treatment the illness will
progress and lead to degenerative changes, often also
with immobilization. Diagnosis is based on clinical data,
laboratory tests and diagnostic imaging. However, the
assessment of disease is not easy to make. Our target is
to evaluate the effectiveness of RSO in sacroiliac joints
based on favourable experience with RSO in persistent
in ammatory joint diseases.
Materials and Methods: In ammatory joint disease of
sacroiliac joints was con rmed by hyperperfusion of
sacroiliac joints on two-phase bone scintigraphy. 37MBq
of Rhenium-186 in volume of 0, 2-0, 4 ml followed by
2ml of Lidocain (2%) were applied to the sacroiliac joint
under C-Arm Fluoroscopy in prone position, whereby,
the pelvis region was elevated by underlying pillow.
Rhenium-186 application was followed by patient
immobilization, which is recommended for next 2
days during hospitalization of patient. The selection of
radiopharmaceutical was empiric, according to physical
properties of radionuclide. The evaluation of positive
effects of RSO was measured by subjective consideration
of patient about pain relieve (according to 10 degree
visual analogue scale [VAS] of pain). Acceptable result
was considered as decrease of pain minimally in 2 degrees
of VAS. As objective measurement of good result was
used two-phase bone scintigraphy with improvement
of hyperperfusion of sacroiliac joint on follow-up scan.
Preliminar Results: 8 sacro-iliac joints were treated
in five patients with known history of persistent
in ammatory joint disease (2x psoriatic arthritis, 1x M.
Bechterew, 1x rheumatic arthritis, 1x polyarthritis) and
with hyperperfusion of sacroiliac joints documented
by two-phase bone scintigraphy. In past, all patients
underwent multiple RSO of extremity joints with
excellent effect. Tolerance of RSO in sacroiliac joints
was excellent in all patients. No complications were
observed after injection of radionuclide Rhenium-186.
Preliminary, all patients declare early pain remission in
more than 2 degree of VAS, which started usually on 2nd
day after injection an lasted until 3 months (till present).
The objective evaluation of therapy effect will be made
in next 3 months.
Conclusion: Application of Rhenium-168 to sacroiliac
joints in persistent sacroiliitis was followed by prompt
pain remission, which was lasting minimally for 3
months. No side effects were observed. Pre preliminary
data are promising for future utilization of RSO in
sacroiliac joints. Our presented data are rst available
data about RSO in persistent sacroiliitis. The assessment
of the study is not nished yet. In near future, results will
be supplemented with objective evaluation of disease
stage by two-phase bone scintigraphy. Our intention is to
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involve more patients into the study and con rm positive
therapeutic effect of RSO in in ammatory sacroiliac joints.
O-004

Incremental Value of Gated Stress
Myocardial Perfusion Imaging
in Prediction of Outcome in
Revascularized Patients Presenting
with Angina/Equivalent Symptoms
A. Tewari, SP. Sundaram, P. Subramaniyam,
S. Pande
Nuclear Medicine, Amrita Institute of Medical Sciences and
Hospital
Objective: We aimed to risk stratify and study the
prognostic utility of gated single photon emission
computed tomography (GS) myocardial perfusion
imaging (MPI), in revascularized patients (percutaneous
transluminal coronary angioplasty (PTCA), coronary
artery bypass grafting (CABG)) with angina/equivalent
symptoms.
Materials and Methods: We retrospectively analyzed
116 post PTCA/CABG patients (male: female 72:44,
age 31–62 yrs, mean age: 46 yrs) from June 2006–July
2011 referred for GS MPI. All patients underwent
stress-rest 99mTc methoxyisobutylisonitrile (MIBI)
Gated Single-Photon Emission Computed Tomography
(GSPECT) protocol. Summed stress score (SSS), rest
gated summed rest score (SRS), and summed difference
score (SDS) were calculated with 17 segment model and
ve point scoring system. Hard events and soft events
were also documented in follow up period of 36 mths. Pts
were divided in to three groups-Gp I with normal MPI,
Gp II patients with reversible perfusion defects and on
medical management and Gp III who underwent CAG
and PTCA. Gp II was subdivided to IIa pts with soft
events and IIb pts with hard events in follow up period.
Results: Pts in (gp I: gp II: gp III–36:60:20) SSS in gp I
was 0–2 (mean 1) and SDS 0. In gp IIa patients with soft
events, SSS and SDS were 0-12 (mean 6) and 0-6 (mean 3)
respectively. SSS was 11-37 (mean 24) and SRS was 1-7
(mean 4) in gp IIb. Gp III had SSS 2-23 (mean 13) and SDS
1-7 (mean 4). Restenosis occurred in gp III 20 pts (13%)
of 116 vessel territories and a reversible perfusion defect
was found in 31 (30%) territories. Sensitivity, speci city,
positive and negative predictive values, and accuracy of
SPECT were 73%, 78%, 43%, 89%, and 73%, respectively.
Conclusion: SSS and SDS obtained with GS MPI is a
useful tool for following up revascularized patients and
follow-up CAG could be omitted in patients with very
less SSS and SDS score.

O-005

Diagnostic Accuracy of Combined
SPECT-CT (99mTcMDP SkeletaL,
67Gallium infection) and 18FDG
PET-CT Imaging in Assessment of
Skull Base Osteomyelitis
S. Pande, M. Tewari, S. Subramanyam,
G. S. Unnikrishnan, P. Sundaram
Nuclear Medicine and Pet CT, Amrita Institutes of Medical
Sciences, India
Objectives: Skull base osteomyelitis (SBOM) is a
life threatening condition if not diagnosed early and
adequately treated. SBOM early diagnosis is a challenge
and hybrid imaging Single-photon emission computed
tomography-computed tomography (SPECT/CT) and
Positron emission tomography-computed tomography
(PET/CT) improve accuracy. This retrospective study
aims to assess the ef cacy of combined SPECT/CT i.e
99m
Tc Methyl diphosphonate (MDP), 67Ga and uorine-18
uorodeoxyglucose (18FDG) PET/CT imaging in SBOM
diagnosis.
Materials and Methods: Thirty-two patients with
suspected SBOM possibly ear infection extension (M: F 
21:11, age range 30–75 yrs, mean 60 yrs) underwent either
combined SPECT/CT or PET/CT (14:18) as part of initial
workup. Combined SPECTCT: 3 phase skeletal imaging
(15 mci 99mTc MDP IV) followed by 67Gallium infection
imaging (3 mci 67Gallium citrate IV and 48 hrs delayed
imaging). PET/CT procedure: PETCT imaging 45 min.
post IV injection of 5 mCi 18FDG. Imaging ndings were
correlated with swab culture/biopsy results or clinical
follow up. Abnormal focal congruent MDP/Gallium
uptake or incongruent Gallium uptake or focal abnormal
FDG uptake in temporal bones/skullbase or adjacent soft
tissue were considered as infection positive.
Results: In Gp I pts (SPECT/CT) 12/14 (86%) pts
(sensitivity: specificity: 90 : 25%) and in Gp II pts
(PETCT) 13/18 (72%) (sensitivity: speci city: 100 : 83%)
had imaging results positive for SBOM Statistical
analysis in group I pts showed PPV 75% (TrueVe 9/14),
NPV 50% (True -ve 1/14), and accuracy of 71.4%. In
Gp II pts analysis showed PPV 92% (TrueVe 12/18),
NPV 100% (True –Ve 5/18) and accuracy of 94.4%. Four
patients in each group had a followup imaging after
antibiotics trial. 3/4 (75%) Gp I pts showed no abnormal
focal gallium and 4/4 (100%) Gp II showed reduction in
FDG uptake and were on follow up.
Conclusion: Both combined SPECT/CT (99mTc MDP,67Ga)
and 18FDG PET/CT imaging have a high accuracy in
SBOM diagnosis and follow up. While FDG PETCT is
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a simple one-step imaging, a combined MDP, Gallium
SPECT/CT can be an effective alternate in the event of
non-availability of PET system.
O-006

Standard Operating Procedure
for Prospective Individualized
Dosimetry for I-131-rituximab
Radioimmunotherapy of
Non-Hodgkin’s Lymphoma

Impact of Glycosylated Hemoglobin
(HBA1C) on Extent of Perfusion
Abnormalities and Left Ventricular
Dysfunction Seen on Gated
Myocardial Perfusion Imaging and
Clinical Outcomes in Diabetics
N. Fatima1,2, M. U. Zaman2,3, M. Ishaq2,
D. J. Baloch2

Phillipe J. Calais, J. Harvey Turner

1

Department of Nuclear Medicine, Fremantle Hospital, The
University of Western Australia, Fremantle WA, Australia
Objectives: Personalized dosimetry of patients based
upon Monte Carlo, bone marrow, blood or organ-based
methods for Iodine-131 Anti-CD20 Radioimmunotherapy
(RIT) can be complex and time consuming. A simpli ed
method using sequential whole-body imaging of a tracer
quantity of the radiolabeled antibody to determine a safe
and effective therapeutic whole-body radiation dose of
0.75 Gy and based upon the method described by R. L.
Wahl et al., (J Nucl Med 1998;39:14S-20S) is described.
Materials and Methods: The general principles of
Iodine-131 anti-CD20 antibody as applied to the whole
body are described, together with worked examples.
The method is based upon an ellipsoidal model of
the body and assumes a uniform distribution of the
radiopharmaceutical.
Results: Through dose escalation studies at various
centers, it has been found that a whole body dose of
0.75 Gy equates to a bone marrow (the limiting organ)
dose of ~ 2 Gy and provides for a signi cant therapeutic
effect while minimizing toxicity. The pharmacokinetics
of the antibody can be adequately described with a
monoexponential whole body effective half-life, which
gives the individual patient’s whole body residence
time and can be determined from three whole body
counts taken over a period of approximately 7 days.
The residence time together with the patient’s weight is
then used to determine the optimal therapeutic activity.
Conclusions: Over ve years, experience of treatment of
outpatients with 131I-rituximab was analyzed with respect
to critical organ radiation dose in patients and radiation
exposure of their carers. This radiation dosimetry and
safety methodology was re ned and offers the potential
for safe, practical application to outpatient 131I-rituximab
RIT of lymphoma. Given endorsement and sanction by
local regulatory authorities, the personalized dosimetry
paradigm will facilitate incorporation of RIT into the
routine clinical practice of therapeutic nuclear oncology
worldwide.
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O-007

Karachi Institute of Radiotherapy and Nuclear Medicine,
Karachi Institute of Heart Diseases, 3Aga Khan University
Hospital, Karachi, Pakistan

2

Background: Aim of this study was to nd out impact of
glycosylated hemoglobin (HBA1C) on extent of perfusion
abnormality and left ventricular (LV) dysfunction seen
on gated myocardial perfusion imaging (GMPI) and
clinical outcomes in diabetics.
Materials and Methods: This is a prospective study
conducted at Karachi Institute of Heart Diseases (KIHD)
from January 2009 to December 2011 after due approval
of ethical committee. Total 457 diabetic patients were
included, 254 (56%) males and 203 (44%) were females,
with a mean age of 58 r 09 years with a mean body
mass index of 27.03r5.46 kg/meter2. Mean duration of
diabetes was 136r89 months with a mean HBA1C of 7.6%
r1.7 and mean fasting blood sugar (FBS) 137r48 mg/
dl (on the day of study). Hypertension, dyslipidemia,
positive family history for coronary artery disease (CAD)
and smoking was found in 79%, 28%, 38%, and 16%,
respectively. One-day rest-stress GMPI was performed
with exercise (51%) or dipyridamole stress (49%).
GMPI was evaluated for size and severity of perfusion
defects, transient ischemic dilatation ratio (!1.22), and
left ventricle functional parameters using commercial
software (Autoquant®). Coronary angiography (CA)
was performed in patients either with positive GMPI
2 months prior or after GMPI. Receiver operating
characteristic (ROC) analysis was used to estimate
the diagnostic strength of HBA1C for CAD. All these
patients were followed up for a period of 22 months
(12–22 months).
Results: GMPI was normal in 222/457 (49%) while in
remaining 235/457 (51%) it was found abnormal which
were con rmed on CA. Receiver operating characteristic
(ROC) analysis revealed diagnostic strength of HBA1C
for CAD with an area under curve (AUC) 0.873 with a
sensitivity of 86.8% and speci city of 81.9% at a cut-off
value of!7.3% (P value0.0001). FBS and duration of
diabetes was found to have poor diagnostic strength
(P value ! 0.05). Based on criterion HBA1C, cohort
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Radioembolisation of Primary and
Metastatic Liver Tumors Using
Y90 SIRSPHERES: An Initial Indian
Experience

static images of thorax and liver) and % lung shunting
was calculated. A shunt of less than 20% was considered
suitable for SIR-Sphere injection. Y90 SIRSPHERE
treatment was administered within 10 days in all these
patients with an average dose of 2.5Gbq. Eight out of 15
of the patients had bilobar treatment and two out of 15
patients had treatment twice. Follow-up of these patients
were done 6–8 weeks following treatment using either
triple CECT/PET-CT with LFT.
Results: The average survival period was 9 months post
treatment with the maximum period of survival of 13
months and minimum of 6 months. However, the patient
who died in 6 months did not die due to progression of
disease, but of liver failure.
Conclusion: Radio-embolization using Y90 SIRSPHERES
is a powerful tool to achieve regional tumor response
and disease control in both primary and metastatic liver
tumors. Large prospective trials still warranted in using
SIRT with Sorafenib and Peptide Receptor Radionuclide
Therapy (PRRT) in neuroendocrine tumors.

R. V. Parameswaran, M. C. Uthappa

III. Abstracts of Poster Presentations

was divided into those having value!7.3% (Group A)
and those with d 7.3% (Group B). These two groups
were followed for major acute cardiac events (MACE).
Non-fatal myocardial infarction (MI) was found
signi cantly higher in Group A, while fatal MI was
statistically similar in both groups.
Conclusions: We conclude that 1) reversible perfusion
abnormalities with severe LV dysfunction were more
prevalent in diabetics; 2) HBA1C ! 7.3 was found to
be a strong predictor of CAD and non-fatal MI, and 3)
FBS and duration of diabetes were found to have low
diagnostic strength for CAD.
O-024

Department of Nuclear Medicine and PET-CT, Manipal
Hospital, Bangalore, India
Background: The liver is a predominant site of metastasis
from a variety of neoplasms (from Colon, rectum,
pancreas) and is also at a risk of developing primary
tumors like hepatocellular carcinoma (HCC) and
Cholangio-carcinoma. The treatment options for these
include surgical resection, Hepatic arterial infusion
chemotherapy, transcatheter arterial chemoembolization
(TACE), Radiofrequency ablation, and selective internal
radiation therapy (SIRT) using Y90 microspheres.
SIRT involves catheter -based liver directed modality
for primary and metastatic liver tumors and the chief
rationale of treatment being the dual blood supply of liver.
Aim: To identify and treat patients with primary and
metastatic liver tumors using Y90 SIRSPHERES and
follow-up the subjects is a systematic manner.
Materials and Methods: Total of 15 patients have
undergone SIRT using Y90 SIRSPHERES in the last
20 months (median age of 62.5 years). Of this, nine of
them had primary HCC, four had metastatic disease
(three from colon and one from pancreas), and two were
metastatic neuroendocrine tumors. Initial assessment
was performed using triple phase Positron emission
tomography-computed tomography (PET-CT) or
Contrast enhanced computed tomography (CECT) scans
along with liver function test (LFT) studies. All these
patients underwent initial hepatic angiogram followed
by Lung shunting scan after intra-arterial injection of 3
mCi of 99mTc-MAA. Single-photon emission computed
tomography-computed tomography (SPECT-CT) was
performed in all the patients (after the initial planar

P-001

PET-CT Scan for the Evaluation of
Oesophageal Carcinoma
S. K. Biswas, A. K. Padhy, A. Goh
Department of Nuclear Medicine and PET, Singapore
General Hospital, Singapore, On Short-term Fellowship
from Centre for Nuclear Medicine and Ultrasound, Dhaka
Medical College, Bangladesh
Background: Oesophageal cancer is a relatively
uncommon gastrointestinal malignancy but carries a
poor prognosis unless it is diagnosed at the early stage.
Positron emission tomography-computed tomography
(PET-CT) is an emerging fusion imaging modality that
can detect functional abnormalities before any structural
changes have taken place. This retrospective study was
designed to unravel the impact of PET-CT scan for the
evaluation of oesophageal carcinoma.
Patients and Methods: One hundred patients (Male:
79 and Female: 21; Age: 62 r 12 yrs) were enrolled
for this study from the Singapore General Hospital
registry during a period of June 2006 through June 2012.
PET-CT scan was performed for 54 new patients in a
view to diagnose, preoperative staging, planning for
radiotherapy/chemotherapy or combination of both,
and the rest for the postoperative follow up. Patient
took radiotherapy and chemotherapy accordingly after
surgical removal of the tumor and stent was placed
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whenever required. PET-CT was performed before
commencing chemotherapy (CT) or radiotherapy
(RT) according to the site of the lesion; 4–6 wks after
completion of CT and 8–12 wks after completion of RT.
Results and Observations: Thirty-six patients got
carcinoma at the lower end, 42 in the middle and 22
patients showed carcinoma in the upper third. On
histopathology, 71 patients showed squmous cell
carcinoma, 18 showed adenocarcinoma, six showed
gross dysplasia, two showed neuroendocrine tumor, two
patients showed melanocarcinoma, and rest one patient
presented with spindle cell carcinoma. Eighty-four
patients showed enlargement of loco-regional lymph
nodes and 15 patients showed distant metastasis.
Considering the abnormal metabolic activity, patients
presented with squmous cell carcinoma revealed higher
tracer concentration (Maximum standardized uptake
value (SUVmax): 15.5r15) than that of the adenocarcinoma
(SUVmax: 11.5r3) and there was a signi cant difference
between these two groups.
Conclusions: PET-CT scan played pivotal role for the
diagnosis, planning for chemotherapy and radiotherapy,
and post operative follow up of the patients suffering
from oesophageal carcinoma.
P-002

Outcome of Radioiodine Therapy in
Graves’ Disease with Lugol’s Iodine
Adjunct Medication
N. Akhter, F. S. Haque, R. Begum, S. Hossain,
S. K. Biswas, S. Hossain
Center for Nuclear Medicine and Ultrasound, Bangladesh
Atomic Energy Commission, Dhaka Medical College
Hospital Campus, Dhaka
Objectives: To evaluate the therapeutic outcome of
radioiodine (I-131) with inactive iodide (Lugol’s iodine)
adjunct medication in Graves’ disease.
Materials and Methods: Patients with Graves’ disease
were randomly treated either with a fixed dose of
radioiodine (10–12 mCi) in group-1 or a lower dose
(7 mCi) of radioiodine with Lugol’s iodine (I-127) adjunct
medication in group-2. Lugol’s iodine was given in
group-2 from second post therapy day for only 3 days.
Clinical and biochemical status of all patients were
evaluated in each group before radioiodine (RIT), after
2–3 months of RIT ( rst follow up) and at 3-5 months
interval thereafter for 18 months.
Results: There were 26 patients in group-1 and 19 in
group-2. Two patients in each group did not come for
follow up. During rst follow up after 2–3 months of RIT,
treatment response was seen in 50% of patients (12/24)
126

in group-1 and in 65% of patients (11/17) in group-2.
After 6 months, 67% patients (16/24, two patients
received 2nd dose of RI) in group 1 and 80% patients
(12/15, no follow up another two patients) in group 2
were either hypothyroid or euthyroid state. Second dose
of radioiodine was required in six hyperthyroid patients
and third dose in one patient in group-1 and only one
patient required second dose in group 2. After 18 months,
RIT therapy was successful in 91.6% patients (22/24) in
group-1 and in 93.3% patients (14/15) in group-2. On
an average, the amount of radioiodine given per patient
was 15 mCi in group-1 and only 7 mCi in group-2 to
achieve the almost similar or better therapeutic outcome
after 1 year.
Conclusion: Better therapeutic response was observed
in patients received Lugol’s iodine adjunct medication
with low dose of radioiodine and without a second
dose within 18 months. It would lower radiation
exposure and therapeutic cost with better therapeutic
outcome.
P-003

Higher Scrotal Uptake Ratio of
99mTc-MDP on Bone Scans in
Newly Diagnosed Prostate Cancer:
A Reliable Indicator of Pelvic Node
Metastasis
M. U. Zaman, N. Fatima1, Z. Sajjad2,
I. Hashmi3, K. Khan
Department of Radiology, Nuclear Medicine Section, Aga
Khan University Hospital (AKUH), 1Department of Nuclear
Medicine, KIRAN, 2Department of Radiology, Aga Khan
University Hospital (AKUH), Karachi, Pakistan, 3Medical
Diag, GE Healthcare, Little Chalfont, United Kingdom
Objective: Pelvic lymph node dissection (PLND)
is the gold standard procedure for nodal staging in
prostate cancer (PC) but less commonly used due
to its invasiveness. More commonly, computerized
tomography (CT) and magnetic resonance imaging
(MRI) are used although these have limited sensitivities
and speci cities. The aim of this study was to nd out
correlation between higher scrotal uptake ratio (SUR)
of 99mTc-methylene diphosphonate (MDP) on bone
scan and pelvic node metastasis in recently diagnosed
patients with PC.
Materials and Methods: This was a retrospective study,
which included 119 biopsy proven newly diagnosed PC
patients who had bone scan from January 2008 till January
2012. MRI of pelvis, Prostate speci c antigen (PSA), and
Gleason’s score were available in all patients. Whole body
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bone scan was performed in all patients and SUR was
calculated by dividing mean counts over scrotum and
soft tissue over lateral aspect of right thigh. PLND was
carried out within 2–3 weeks of MRI study in 68 patients.
Results: Mean age of studied males was 70r09 years
with a mean PSA level of 56r198 ng/ml. Prostate biopsy
revealed adenocarcinoma in all patients with a mean
Gleason’s score 7r1. Mean SUR was 2.86r0.459. MRI
was positive for pelvic lymphadenopathy in 50/119
(42%). PLND revealed evidence of nodal metastasis in
16/68 (24%) patients. Receiver operating characteristic
(ROC) analysis revealed good diagnostic strength of SUR
for nodal metastasis with a cut off value of!2.99 with
an area under curve (AUC) 0.708 [95% CI: 0.533-0.847,
P value  0.05] and a mean sensitivity of 68.75%, and
mean speci city of 80%. Diagnostic strength of MRI for
nodal metastasis was found to be low [AUC 0.566, 95%
CI: 0.047-0.657, non-signi cant P value]. No signi cant
correlation was found between SUR and PSA in 119
patients.
Conclusion: We conclude that in newly diagnosed PC
patients, higher SUR on bone scan has a high diagnostic
accuracy for pelvic node metastasis. Furthermore, a bone
scan with a SUR2.99 and negative for bone metastasis
can stratify newly diagnosed PC patients as low-risk.
P-004

Radiation Dosimetry: From
Thermo-luminescence Dosimeter to
Optically Stimulated Luminescence
Dosimeter
M. U. Zaman, N. Fatima1, Z. Sajjad2,
S. M. N. Naqvi2
Department of Radiology, Nuclear Medicine Section,
Aga Khan University Hospital, 1Department of Nuclear
Medicine, 2Department of Radiology, Aga Khan University
Hospital, Karachi, Pakistan
In medicine, radiation dosimetry is an important and
regulatory requirement for surveillance of radiation
workers in radiology, nuclear medicine, and radiation
oncology. It is also required for quality assurance (i.e.,
precise estimation of delivered dose to patient) in
external beam radiation therapy and brachytherapy as
well. In this review, we will discuss types of dosimeters
used in medical physics, principles of luminescence,
comparison of thermoluminescent detectors (TLD), and
optically stimulated luminescence (OSL).
Thermoluminescent Dosimeters (TLD): For a number of
decades, TLD have been the passive detector of choice,
able to perform in vivo dosimetry as well as remote
quality assurance checks of radiation therapy delivery

systems. For personal dosimetry, Lithium (LiF: Mn)
based TLDs are used as they are tissue-equivalent.
Drawbacks of TLD include a necessary post-irradiation
wait period, energy dependence, careful heating
techniques to avoid fading, and destruction of signal
after one reading.
Optically stimulated luminescent dosimetry: In recent
years, new materials and methods have been proposed
to improve passive dosimetry. One of these includes
optically stimulated luminescence (OSL), which is based
on the underlying physics phenomena similar to TLDs,
but is able to overcome a number of drawbacks inherent to
the TLD. Aluminum oxide with carbon doping (Al2O3:C)
is the currently substance in use although there are other
materials being tested. Al2O3:C was originally designed
as a TL dosimeter, noted for its high sensitivity. However,
when it was found to be affected by exposure to light,
it was investigated as an OSLD. OSLDs have the same
possibilities of applications that TLDs do and can thus
be used for in vivo, independent, and even real-time
dosimetry. The largest difference in the dosimetry process
is the readout technique. TLDs are carefully heated while
OSLDs are stimulated via optical methods.
Benefits of OSLD: Significantly faster process in
comparison with TLD, the light exposure can be
controlled with very high precision, accuracy of
dosimetry measurements is high, allows for multiple
readouts, only a fraction of the radiation exposure
signal contained in the Al2O3 material is depleted
upon stimulation with the green light, high degree of
environmental stability (heat, humidity, or chemical
solvents do not affect the detector).
P-005

Increased Incidence of Bone
Metastasis on Bone Scan with Low
3URVWDWH6SHFLÀF$QWLJHQ d20 ng/ml)
and Gleason’s Score (GS8) in
Newly Diagnosed Pakistani Males
with Prostate Cancer: Should We
Follow Western Guidelines?
M. U. Zaman, N. Fatima1, Z. Sajjad2
Department of Radiology, Nuclear Medicine Section, Aga
Khan University Hospital (AKUH), 1Department of Nuclear
Medicine, KIRAN, 2Department of Radiology, Aga Khan
University Hospital (AKUH), Karachi, Pakistan
Aim: To find out diagnostic correlation of prostate
speci c antigen (PSA) and Gleason’s score (GS) with
bone metastasis (BM) in newly diagnosed Prostate cancer
(PC) patients in local population.
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Materials and Methods: This retrospective study
included 204 newly diagnosed PC patients who were
referred for BS for staging.
Results: The mean age, mean PSA, and incidence of
BM on BS were 71 r 09 years, 111.01 r 58.45 ng/ml,
and 67/204 (33%), respectively. The mean GS of studied
population was 7r1. According to PSA levels, patients
were divided into ve groups: 10 ng/ml (77/204),
!10 -d20 ng/ml (42/204), !20 - d50 ng/ml (22/204),
!50 - d100 (25/204), and ! 100 ng/ml (38/204). The
incidence of positive BS (%) for BM and mean GS
(scorerSD) for each group were 14%, 7r1; 10%, 6r1;
32%, 7 r 1; 56%, 8 r 1, and 82%, 8 r 1, respectively
(signi cant P value). PSA and GS were statistically
signi cant predictors of BM on BS and their predictive
value was additive ( P   0.0001). Age was not a
predictive factor (non-signi cant P value). Sensitivity
and speci city of PSA at a cut-off 48 ng/ml was 68.3%
and 86.1%, respectively. While GS at a cut-off!6 was
more sensitive (88.9%) and less speci c (56.2%) for
diagnosing BM.
Conclusions: (1) There is an overall increased incidence
of BM in newly diagnosed patients with PC and even
at serum PSA leveld20 ng/ml and GS8; (2) PSA and
GS are independent predictors for BM, but age is not;
(3) in view of possible aggressive behavior of PC in local
population, one must be careful in adopting Western
guidelines for using BS in newly diagnosed Asian males
with PC having PSAd20 ng/ml and GS8.

P-007

Aggressive Behavior of Right Breast
Cancer for Bony Metastasis with Left
Sided Predominance in Pakistani
Women: A Single Centre Experience
N. Fatima, M. U. Zaman1, A. Maqbool,
S. Khan1, N. Riaz1

P-006

Early Bone Scan Imaging Protocol:
A Pragmatic Approach to Maintain
Patients Throughput in a Busy
Nuclear Medicine Section
K. Khalil, G. Khan
Department of Radiology, Nuclear Medicine Section, Aga
Khan University Hospital (AKUH), Karachi, Pakistan
Aim: Compare the image quality of early (1.5 hr) and
delayed (3 hr) acquired bone scans in same patients for
image quality and lesion detection ef ciency.
Materials and Methods: This prospective study was
conducted at Section of Nuclear Medicine, Department
of Radiology, Aga Khan University Hospital, Karachi
from August 1, 2011 till September 15, 2011. We
recruited 12 patients (age range: 18–75 years) with a
male: female ratio of 4:8, who were pain free, cooperative
and mobile. Tc-99m Methyl diphosphonate (MDP) was
injected intravenously. Patients were asked to have at
least 250 cc of water after every 15 minutes) and void
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urine frequently to minimize bladder dose. At 1.5
hour and 3 hour post-injection, whole body imaging
were acquired under a double head, gamma camera
(ECAM, Siemens, Germany) with same acquisition
parameters for both images. These images were read
by an experienced nuclear physician who evaluated the
scans for over all image quality (subjective) and lesion
detection ef ciency (estimation of lesion appreciable
on a scan).
Results: The image quality of early (1.5 hr) and delayed
scans were labeled as acceptable (fair bone to soft
tissue contrast) and good (good bone to soft tissue
contrast) respectively by the reader. Twenty-three
lesions were identi ed on early scan, all of these lesions
were appreciable on delayed studies as well, and no
discordance was identi ed.
Conclusion: In a busy nuclear medicine section, to
maintain patients’ throughput, imaging at 1.5 hour may
be used safely in those patients who are cooperative and
mobile.

Karachi Institute of Radiotherapy and Nuclear Medicine,
1
Aga Khan University Hospital (AKUH), Karachi, Pakistan
Objectives: Aim of this study was to find out the
laterality of breast cancer (BC) and confounding factors
for bony metastasis (BM) in local population.
Materials and Methods: This was a retrospective study
included cases of BC from January 2009 to December
2011, who were referred for metastatic work up or
follow up survey with Tc-99m MDP bone scan (BS) to
Nuclear Medicine department of Karachi Institute of
Radiotherapy and Nuclear Medicine. Total 384 patients
out of 521 were included and all reviewed for age,
primary tumor size (PTS), laterality, receptor status like
estrogen receptor (ER) progesterone receptor (PR) and
Her-2-Neu receptor, presence or absence of BM with sites
of involvement and time interval between diagnosis of
BC and appearance of BM.
Results: The left to right sided BC proportion was
significantly higher (59:41%; P  0.001). The right
sided BC was observed in younger age group (46:52
years; P  0.05) and with a smaller PTS than the left
sided (3.43:4.15 cm; P  0.05). The patients with BM
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had relatively higher negative receptor status with a
signi cant predominance right BC. The overall incidence
of BM on BS was 28% and relatively higher in right breast
than left (33%:24% P 0.068). The average number of
BM sites was signi cantly higher in right side than left
BC (6:3, P0.05). The % cumulative risk of BM in right
breast was noted at signi cantly smaller PTS than left
side with log rank value of 5.579; P0.05. The Kaplan
Meier survival plot for event free survival of BM in left
sided BC was signi cantly higher than right side (log
rank value 4.155, P0.05) and also revealed that the
earlier appearance of BM in right BC.
Conclusions: (1) A left sided predominance BC was seen
in local population; (2) right sided BC had an aggressive
behavior with extensive and earlier appearance of BM
at relatively younger age, smaller PTS and receptor (s)
negativity.
P-008

Pulmonary Embolism in Pregnancy:
A Diagnostic Dilemma
N. Fatima1,2, M. U. Zaman2,3, Z. Sajjad3,
I. Hashmi4
1

Karachi Institute of Radiotherapy and Nuclear Medicine,
Pakistan, 2Karachi Institue of Heart Diseases, Pakistan,
3
Aga Khan University Hospital Karachi, Pakistan,
4
GE Healthcare, Medical Diagnostics, Little Chalfont, UK
The diagnosis of Pulmonary Embolism (PE) in
pregnancy poses a challenge due to pregnancy-related
physiological changes. Missing the PE or wrongly
treating a pregnant woman for PE has serious clinical
consequences. There has been concern over the use
of radiation-based imaging modalities due to risk of
teratogenicity and oncogenicity. In patients with low
clinical probability, a normal D-dimer essentially rules
out PE. An abnormal D-dimer warrants a Doppler study
of both lower legs and evidence of deep vein thrombosis
(DVT) demands treatment for PE. A negative Doppler
study does not rule out PE and must be followed by
either radionuclide ventilation-perfusion scan (V/Q)
or computerized tomographic pulmonary angiography
(CTPA). A V/Q scan (half dose with perfusion rst)
gives more radiation exposure to the fetus (but
much below the threshold dose for oncogenicity and
teratogenicity), but 150 times less breast dose compared
to CTPA. The negative predictive value of a normal
CTPA is much higher than a normal V/Q scan. The
mortality linked with untreated PE far outweighs the
potential oncogenic and teratogenic risk incurred by
fetal exposure to diagnostic imaging for PE, but every

care should be taken to minimize radiation dose to the
fetus and mother (As Low As Reasonably. Achievable
(ALARA) principle) without compromising diagnostic
accuracy. This review is focused on various diagnostic
options and risks of radiation to the fetus and mother
from radiation-based procedures.
P-009

Incidental Finding of Sacral
Chordoma in a Gastric Cancer
Patient with Splenic Metastasis:
PET/CT as a Potential Useful Tool for
Metabolic Biopsy
B. T. Kung, C. P. Wong, T. K. Auyong,
C. M. Tong
Nuclear Medicine Unit, Queen Elizabeth Hospital, Hong
Kong, China
Objectives: The purpose of this case report was to
explore the role of uorodeoxyglucose positron emission
tomography/computed tomography (FDG PET/CT) as
a potential useful tool for metabolic biopsy. Introduction:
With the increasing uses of PET/CT in daily clinical
practice, it is not uncommon to detect second synchronous
tumor or lesions with different pathological entities as an
important incidental nding. By demonstrating different
metabolic behavior in different pathological entities,
PET/CT as a potential useful tool for metabolic biopsy
worth to be further explored.
Case Report: We reported a case of an elderly man
with known history of gastric adenocarcinoma status
post gastrectomy in 1996 who underwent PET/CT
scan to evaluate possible metastatic disease. PET/CT
demonstrated markedly F-18 FDG avid splenic mass
with maximum standardized uptake value (SUVmax) up
to 11.2. Another right sacral bone lesion was detected
simultaneously, associated with only faint FDG uptake
with SUVmax up to 2.5. Splenectomy revealed metastatic
adenocarcinoma from primary gastric cancer. Right
sacral bone biopsy revealed chordoma.
Conclusions: In this case, PET/CT successfully
detects two entirely different pathological entities by
demonstrating different metabolic behavior. It is of
immense importance to be aware of this phenomenon
during PET/CT reporting. PET/CT can play a crucial
role in differentiating different pathologies in certain
circumstances, which carries significant clinical
impact in patient management. PET/CT as a potential
useful tool for metabolic biopsy should be further
explored.
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P-011

Role of Planar Bone Scintigraphy and
Hybrid SPECT/CT in Localizing the
Site for Corticosteroid Injection in
Patients with Plantar Fasciitis

A Pilot Study of 131I-Rituximab
Treatment in Non-Hodgkin’s
Lymphoma: Experience from
Ramathibodi Hospital, Thailand

K. K. Karuppusamy, A. Bhatacharya1,
B. R. Mittal1, S. Aggarwal2

A. Kositwattanarerk, W. Changmuang,
J. Sangsuriyan1, K. Thongklam,
S. Chancharunee2

Department of Nuclear Medicine, KMCH, 1Department
of Nuclear Medicine and PET/CT centre, Postgraduate
Institute of Medical Education and Research, Chandigarh,
2
Department of orthopaedics, Postgraduate Institute of
Medical Education and Research, Chandigarh, India
Aim: The aim of this study is to localize the site for
corticosteroid injection in the treatment of plantar
fasciitis using bone scintigraphy and to compare the
ef cacies of planar and hybrid Single-photon emission
computed tomography-computed tomography (SPECT/
CT) imaging for successful localization as measured by
pain relief score.
Materials and Methods: A total of 30 heels of 30 patients
with clinical diagnosis of plantar fasciitis were randomly
assigned to two steroid injection groups: Planar
scintigraphy-guided (Group A) and hybrid SPECT/CT
guided injection (Group B ). Patients were evaluated for
pain intensity before the injections and at the follow-up
of 6 weeks with a 100 mm visual analog scale (VAS).
Results: There was significant improvement in VAS
score in both the groups. Before treatment, VAS values in
group A were 7.4r1.3 and after treatment were 3.3r2.4
In group B, VAS before treatment were 7.4r1.2 and after
treatment were 1.6r1.5 and so there was a statistically
signi cant difference between the before-injection and
follow-up values for VAS (P0.05). Between the groups,
there was no difference between the VAS values before
injection (P 0.98, Mann–Whitney U-test (MWU) -0.021).
Between the groups, there was statistically signi cant
difference in the VAS values after injection (P  0.048,
MWU 1.97). Three patterns of blood pool abnormality
such as focal calcaneal hyperemia, proximal third of
plantar fascia involvement, and diffuse pattern were noted.
Conclusion: Bone scintigraphy helped in identifying
the inflammatory focus and guide in injection of
corticosteroid at a specific site in the treatment of
this condition. SPECT/CT guided steroid injection
demonstrated a signi cantly better treatment patient
outcome as compared to planar scintigraphy guided
injection. Our opinion is that steroid injections should
be performed using bone scintigraphy.
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Department of Radiology, Faculty of Medicine,
Ramathibodi Hospital, 1Radioisotope center, Thailand
Institute of Technology (TINT), 2Department of
Medicine, Faculty of Medicine, Ramathibodi Hospital,
Thailand
Radioimmunotherapy (RIT) with 131I-rituximab
is a safe and effective treatment in patients with
relapsed, refractory Non-Hodgkin’s lymphoma. This
educational exhibit will focus on clinical experience
of initiating RIT using 131I-rituximab in Thailand.
131I-rituximab radiolabelling and patient’s speci c
dosimetry will be brie y discussed. Four patients
have been treated with 131I-rituximab since July
2012. No immediate complication was found. The rst
patient had history of relapsed follicular lymphoma.
Computed tomography (CT) scan revealed enlarged
lymphadenopathies along the left common iliac,
external and internal iliac regions. Entrapment of the left
distal ureter resulted in moderate left hydronephrosis.
She received four cycles of salvage chemotherapy and
131I-rituximab. She developed severe pancytopenia
after treatment. However, impressive clinical outcome
occurred; follow up CT scan 3 months later revealed
no residual lymphadenopathy and resolving left
hydronephrosis. One of the patients did not response
to 131I-rituximab, although post treatment scan
showed 131I-rituximab uptake in the residual tumor.
She had history of Diffuse large B-cell lymphoma
(DLBCL) at the left breast S/P six cycles of rituximab–
cyclophosphamide, doxorubicin, vincristine, and
prednisone (R-CHOP) and radiation therapy. Residual
left breast mass was presented, measuring about 1-cm
in size. 131I-rituximab was given in November 19,
2012. One month after 131I-rituximab treatment, she
developed pain and markedly enlarged left breast. Left
mastectomy will be done in January 2013. The rest of
the patients are doing well. Follow up bone marrow
biopsy and imaging (CT scan or Positron emission
tomography-computed tomography (PET/CT) scan)
is scheduled during January-February 2013.
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Outcome of Iodine 131 Therapy for
Hyperthyroidism in Hospital Kuala
Lumpur Malaysia
Z. H. Awang
Universiti Sains Malaysia, Malaysia
Objective: Many studies have been done in the past
60 years on radioiodine treatment used for medical
purposes, but data from Hospital Kuala Lumpur (HKL)
has not been published widely. HKL is the central
reference centre for all patients with hyperthyroidism
coming from all over Peninsular Malaysia, Sabah and
Sarawak. HKL performs a “sliding scale fixed dose
regiment” by simply taking into account the size, based
on the size of thyroid by palpation and also the type
of hyperthyroidism, but not taking into account the
measurement of thyroid uptake or thyroid volume.
The main goal for this treatment is to achieve euthyroid
status with a single treatment and to reduce the effects
of hypothyroidism.
Materials and Methods: Patients were categorized
into three diagnostic groups: Graves’ disease, toxic
nodular goiter, and hyperthyroidism of indeterminate
etiology. An outcome after a single dose of Iodine-131
was investigated and was categorized as euthyroid
state, hypothyroid state, and hyperthyroid state. A total
of 109 patients participated in this study, but after 6
months of radioactive iodine treatment, only 107 patients
returned for an appointment; two patients did not return
for further appointment. Patients were given doses of
Iodine-131 according to the “sliding scale xed dose
regiment,” as low as 3 mCi (111 MBq) to a maximum of
25 mCi (925 MBq).
Results: From this study, a signi cant association was
found between gender, age group and thyroid size
with types of hyperthyroidism by P value0.05. There
were no signi cant associations between ethnic groups,
thyroid volume, smoking history, and family history
of thyroid, drugs and dose iodone-131 with the types
of hyperthyroidism by P value ! 0.05. There were no
statistically signi cant associations between race, age,
smoking history, and family history of thyroid disease,
thyroid size and volume with the outcomes in this
study by P value ! 0.05. In this study, the outcomes
for euthyroid were 18.7%, hypothyroidism 24.3%, and
hyperthyroidism 57%.
Conclusions: Although the results obtained from this
study did not achieve results similar to previous studies,
it is not an obstacle, but a stepping-stone to improve
therapy for radioactive iodine in HKL by improving
guidelines and specify the goiter sizes in detail, strict

iodine diet and knowing the specific diagnosis of
hyperthyroidism.
Key words: Goiter, hyperthyroidism, Iodine-131,
outcomes
P-013

Tc-99m RBC SPECT/CT as Imaging
Modality of Liver Hemangioma: A
Case Report
A. D. Siswoyo, H. Basuki, J. S. Masjhur
Department of Nuclear Medicine and Molecular Imaging,
School of Medicine Universitas Padjadjaran/Dr Hasan
Sadikin Hospital, Bandung, Indonesia
Introduction: Liver hemangiomas are the most common
benign liver tumors. Several imaging modalities have
been used to distinguish it from malignancies, which in
many cases resemble malignant lesions. Tc-99m labeled
red blood cells (RBC) Single-photon emission computed
tomography-computed tomography (SPECT/CT)
scintigraphy is nuclear medicine tecnique, which can
be used to evaluate liver masses and help to con rm
diagnosis of liver hemangioma.
Case Presentation: A 55-years-old woman with
incidental nding of hepatomegaly and large hepatic
masses in right lobe and left lobe from US. Liver
function test and serum Alpha- fetoprotein (AFP)
level were normal. Amoeba serotiter was positive (+
1/8). Immunological test for hepatitis infection were
negative. Ultrasonography (US), multislice spiral
computed tomography (MSCT), uorodeoxyglucose
positron emission tomography/computed tomography
(FDG PET/CT), and magnetic resonance (MR)
imaging showed variable and atypical results for liver
hemangioma. Fine Needle Aspiration Cytology (FNAC)
with US guiding result was negative of malignant
cells tumor with atypical mesenchym cells. Patient
was referred for Tc-99m RBC SPECT/CT to con rm
diagnosis of liver hemangioma.
Results: Early perfusion planar images showed area
of decreased perfusion on the masses in the right and
left lobe liver. From serial static images, it gradually
showed radiotracer uptake with increasing intensity
on the subsequent images. SPECT/CT result showed
area with intensely increased uptake with two central
photopenic zones, corresponding to the large mass in
right and left hepatic lobe. These ndings called blood
pool mismatched which is classical scintigraphy pattern
of hemangioma on Tc-99m RBC study.
Conclusion: In inconclusive cases of liver hemangioma,
we suggest to perform Tc-99m RBC scintigraphy.
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Prevalence of Detecting Cerebral
Metastases by FDG PET/CT and its
Potential Clinical Impact: Local
Experience in a Single Centre

Potential Role of FDG PET/CT in
HIV-Related Diffuse Large B-Cell
Lymphoma Patients

A. T. Kung, L. T. Szeto, C. P. Wong,
T. K. Auyong, C. M. Tong

Nuclear Medicine Unit, Queen Elizabeth Hospital, Hong
Kong

Nuclear Medicine Unit, Queen Elizabeth Hospital,
Hong Kong
Objectives: To explore the prevalence of
uorodeoxyglucose positron emission tomography/
computed tomography (FDG PET/CT) in detecting
cerebral metastases and to assess its potential clinical
impact.
Materials and Methods: A retrospective review of 1,
876 individual patients who underwent wholebody
PET/CT examination (from vertex to upper thigh) in
Clinical Positron Tomography Centre, Queen Elizabeth
Hospital, from January 2009 to September 2009 was
performed. With reference to contrast enhanced
magnetic resonance imaging (MRI) or contrast enhanced
computed tomography (CT), positive predictive value
(PPV) of PET/CT for the diagnosis of cerebral metastases
was calculated.
Results: 71 individual patients were diagnosed with
cerebral metastases by PET/CT. Thirty-one patients
were already diagnosed with brain metastases before
PET/CT. Among the remaining 40 patients, 24 (60.0%)
underwent either magnetic resonance imaging (MRI)
or CT after PET/CT. Among them, 17 patients were
con rmed with cerebral metastases, four patients were
diagnosed as cerebral infarcts and the remaining three
patients had normal radiological MRI or CT ndings.
The true positive rate was 70.8% while the false positive
rate of PET/CT was 29.2%. The remaining 16 patients
(40.0%) did not receive further radiological correlation.
Concerning its clinical impact, among the 17 patients
with confirmed cerebral metastases on MRI or CT,
three patients had no change in management while
the remaining 14 patients had subsequent change in
management.
Conclusions: The point prevalence of detecting
unknown cerebral metastases by PET/CT was 2.1%
(40/1876). Inclusion of brain within the eld of view
in PET/CT may be useful for evaluation of sizable
cerebral metastases, particularly in patients suffered
from primary bronchogenic carcinoma.
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B. T. Kung, C. P. Wong, T. K. Auyong,
C. M. Tong

Objectives: The purpose of this case report was to
explore the potential role of fluorodeoxyglucose
positron emission tomography computed tomography
(FDG PET/CT) in human immunodeficiency
virus (HIV)-related diffuse large B-cell lymphoma
(DLBCL).
Introduction: In our locality, there are a cumulative 5, 523
reported HIV-infections cases since 1984. We reported
two cases of HIV-related DLBCL that underwent PET/
CT examination in our PET centre.
Discussion: In HIV-related DLBCL patients, we
must be reminded that not all hypermetabolic foci
represent lymphomatous lesions. There is a close
correlation between the pattern of lymphoid tissue
activation in FDG PET/CT and HIV progression
in patients without HIV-related malignancy. The
unique patterns of lymphoid tissue activation
observed in HIV-infected patients have great clinical
implications. Secondly, HIV-infected patients are
prone to suffer from opportunistic infections due to
immunosuppression, particularly in those with high
levels of HIV viral loads. FDG PET/CT cannot reliably
differentiate metabolic active lymphoma from other
benign diseases such as inflammation in the context
of low CD4 count and high viral loads. In those
cases, benign markedly hypermetabolic foci can be
erroneously interpreted as lymphoma, particularly
in those normal-sized lymph nodes. Furthermore,
FDG PET/CT may be useful for assessing the efficacy
of Highly Active Antiretroviral Therapy (HAART)
in suppressing HIV replication and detecting its
complication such as lipodystrophy.
Conclusions: FDG PET/CT may play a potential
useful role in staging and management of HIV-related
DLBLC. We shall be aware of the normal variants and
uptake pattern in different stages in HIV-infected
patients. Plasma variables such as viral loads and
CD4 count must be taken into account during image
interpretation.
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A Comparative Study of PET/CT and
Conventional CECT in Detection of
Locoregional Recurrence in Head
and Neck Carcinoma
V. K. Ichpujani, S. A. Rao, A. K. Chaturvedi,
P. S. Choudhury1, A. K. Dewan2
Radio-Diagnosis, 1Nuclear Medicine and 2Surgical
Oncology, Rajiv Gandhi Cancer Institute and Research
Centre, New Delhi, India
Objective: To compare Positron emission
tomography-computed tomography (PET/CT) with
Contrast enhanced computed tomography (CECT) in
detection of locoregional recurrence in treated head and
neck squamous cell carcinoma (HNSCC).
Materials and Methods: A whole body (WB) PET/CT
acquisition followed by dedicated regional PET/CT
acquisition was undertaken. The CECT portion was
performed later according to Head and Neck soft
tissue protocol, using intravenous iohexol 30 seconds
before the examination. In interpreting the scans, each
lesion/lymph node was assigned a score according to a
ve-point scale: 1. De nitely benign; 2. Probably benign;
3. Equivocal; 4. Probably malignant, and 5. De nitely
malignant. A positive examination was de ned as a
score of 3–5, and a negative examination was de ned
as a score of 1–2. All patients suspected of recurrence
underwent surgery or Fine needle aspiration/Biopsy by
palpatory/clinical method or under image guidance. The
sensitivity, speci city, positive predictive value (PPV)
and negaticepredictive value (NPV) of PET/CT and
CECT neck were calculated and compared. ROC curve
analysis was done for comparison of above modalities
for detection of locoregional recurrence.
Results: Out of total 58 patients, locoregional recurrences
by PET/CT were seen in 21 patients, out of which 20 were
found true positive on histopathological correlation.
While CECT detected recurrences in 28 patients, out
of which only 17 were found to have true recurrence.
Receiver operating characteristic (ROC) curve analysis
revealed an area difference of -0.1421 with P value 
0.02076.
Conclusions: PET/CT is a highly accurate modality in
detection of recurrence in patients with treated Head
and neck squamous cell carcinomas (HNSCC) with
high sensitivity and high speci city. PET/CT is superior

to conventional CECT in detection of locoregional
recurrence.
P-017

Retention Index of Tc-99m MIBI
Scintigraphy, Ultrasonography, and
Fine Needle Aspiration Cytology in
Detecting Malignant Thyroid Nodule
I. D. Mulyanto, A. H. S. Kartamihardja,
B. Hidayat, D. Achmad1, J. S. Mashjur
Nuclear Medicine and Molecular Imaging and
Oncological Surgery1, Dr. Hasan Sadikin Hospital,
Bandung, Indonesia
Thyroid nodules are frequently encountered in clinical
practice and most of which are benign in nature.
However, it is still a challenge to effectively distinguish
malignant nodules from benign since Fine Needle
Aspiration Cytology (FNAC) as the primary diagnostic
tool does not give a de nitive diagnosis in 10–42% of
case (indeterminate results). This prospective study
was designed to appraise the signi cance of Tc-99m
methoxyisobutylisonitrile (MIBI) scintigraphy using
resonance imaging (RI) parameter, ultrasonography
(USG), and FNAC in differetiating benign from
malignant thyroid nodules. Single injection, dual
phase (15 and 120 minutes) thyroid scintigraphy
using 370–555 MBq Tc-99m MIBI was performed
in all participants. All participants also underwent
ultrasonography, FNAC, and surgery. The mean of
retention index for malignant thyroid nodule (1.04
r 0.50) was signi cantly higher than benign thyroid
nodule (0.58r0.17; P 0.001). Using threshold!0.58
as malignant thyroid nodule, the sensitivity, speci city,
NPV, PPV, and accuracy for Tc-99m MIBI were 87.5%,
70.6%, 92.3%, 58.3%, and 80% respectively. Sensitivity,
speci city, negative predictive value (NPV), positive
predictive value (PPV), and accuracy for USG were
87.5%, 52.9%, 90%, 46.7%, and 64%. FNAC showed 14
benign nodules, six indeterminate, and ve malignant
nodules. Diagnostic performance of Tc-99m MIBI
thyroid scintigraphy was not signi cant different from
USG, but RI was capable to detect ve out of six (83%)
participants with indeterminate FNAC. RI of Tc-99m
MIBI scintigraphy may be useful in the assessment of
thyroid nodule, especially those with indeterminate
FNAC result.
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Epidemiological and Anatomoclinical
Aspects of Differentiated Thyroid
Cancer with High Level of
Thyroglobulin: About 150 Cases

Correlation between Cumulative
Iodine 131 Ablative Activity and
Anatomopathologic Parameters of
Differentiated Thyroid Cancer with
High Level of Thyroglobulin

56IDU1$PPDU.&KDWWL01RXLUD
T. Kamoun, H. Regaieg, M. Ben Fredj,
M. Guezguez, N. Ayachi, A. Toumi,
H. Essabbah

56IDU1$PPDU01RXLUD7.DPRXQ
H. Regaieg, M. Ben Fredj, K. Chatti,
M. Guezguez, N. Ayachi, A. Toumi,
H. Essabbah

Department of Nuclear Medicine, Sahloul University
Hospital, Sahloul, Sousse, Tunisia
Objectives: The differentiated thyroid cancer (DTC) are
rare, they represent less than 1% of all cancers. They are
characterized by a slow evolution with the possibility of
recurrence and distant metastasis. Thyroglobulin (Tg)
is the most reliable marker of DTC to predict persistent
disease or recurrence. The objective of this work is to
present the epidemiological, clinical, and histological
aspects of DTC with a high Tg!2 ng/ml.
Materials and Methods: Retrospective study of 150
patients with DTC, followed in the Nuclear Medicine
department in Sahloul University Hospital- Sousse
between January 1990 and December 2006 and having
a high Tg level ( !2 ng/ml).
Results: 122 women (81%) and 28 men (19%) have been
included. The sex ratio was 4.4. The mean age was 52
years with extremes of 18 and 94 years. The tumor was
papillary type in 87% of cases. The mean nodule size
was 3.18 cm with a range of 0.3–12 cm. Tumor size
exceeded 1 cm in 137 patients (91.3%). The capsule is
invaded in 48% of cases (72 patients). The locoregional
invasion is found in 27% of cases (41 patients). The
lymph node invasion was found in 64% of patients who
had lymph node surgery. The metastatic lymph nodes
extension was unilateral (N1a) in 21.1% and bilateral
mediastinal or contralateral) (N1b) in 43.6%. Distant
metastasis were found during the initial assessment in
5% of patients. The postoperative Tg ranged from 2–843
ng/ml. It does not seem to be in uenced by the type of
neoplasia. However, this parameter seems to be depend
on the tumor size (P 0.043), the importance of lymph
node involvement (P 0), the locoregional extension
(P 0 012), the presence of metastasis (P 0), the TNM
stage (P 0.023).
Conclusions: Tg does not depend on the histological
type, but there is a signi cant relationship between
Tg and tumor size, extent of nodal involvement,
locoregional extension, presence of metastasis, and
Tumor, Node, and Metastasis (TNM) stage.
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Department of Nuclear Medicine, Sahloul University
Hospital, Sahloul, Sousse, Tunisia
Objectives: Therapeutic management of patients with
differentiated thyroid cancer (DTC) consists on total
thyroidectomy followed by ablative Iodine-131 dose
ablative to destroy residual thyroid tissue, recurrent
or metastatic disease. The objective of our work is to
establish a correlation between the Iodine-131 ablative
activity and histological parameters of DTC with high
level thyroglobulin (Tg).
Materials and Methods: Retrospective study of 150
patients with DTC, followed in the Nuclear Medicine
department in Sahloul University Hospital-Sousse
between January 1990 and December 2006 and having
a high Tg level( !2 ng/ml).
Results: The number of iodine-131 cure required to
destroy remaining tissue was ranged from one to 20
cures with an average of 4.4 cures ( r3.65). In 7.55%,
it takes only one cure for Iodine-131 to remove the
remaining tissue, two cures were required in 28.3%.
Three or more cures were required in 64.1%. The
disappearance of the remaining tissue was obtained in
106/150 patients. 55.7% of patients received an activity
that does not exceed 11.1GBq (300 mCi) to remove
the residue. There was no signi cant relationship
between histological type, tumor size, lymph node
involvement, and locoregional extension and Iodine
131 ablative activity. However, there was a signi cant
relationship between the Iodine-131 ablative activity
and the presence of metastasis (p 0.004), the value
of initial Thyroglobulin (Tg) and Tumor, Node, and
Metastasis (TNM) tumor stage (P 0). Ablative activity
was less than11.1 GBq (300 mCi) for patients with
initial Tg between 2 and 10 ng/ml and more than 33.3
GBq (900 mCi) for patients with initial Tg more than
100 ng/ml.
Conclusions: The Iodine-131 ablative activity seems to
be correlated with the TNM tumor stage, the presence
of metastasis, and the initial value of Tg.
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P-020

Predictive Factors of Therapeutic
Response in Differentiated
Thyroid Cancer with High Level of
Thyroglobulin
56IDU1F$PPDU0F1RXLUD
H. Regaieg, T. Kamoun, M. Ben Fredj,
K. Chatti, M. Guezguez, N. Ayachi,
A. Toumi, H. Essabbah
Department of Nuclear Medicine, Sahloul University
Hospital, Sahloul Sousse Tunisia
Objectives: Differentiated thyroid cancer (DTC)
are characterized by an excellent prognosis after
thyroidectomy followed by radioactive iodine therapy.
Therapeutic response seems to be depending on several
factors. The objective of this work is to present predictive
factors of therapeutic response of DTC with high level
of thyroglobulin (Tg).
Materials and Methods: Retrospective study of 150
patients with DTC, followed in the Nuclear Medicine
department in Sahloul University Hospital- Sousse
between January 1990 and December 2006 and having
a high Tg level( !2 ng/ml).
Results: Complete remission was obtained in 37.3% of our
patients (56 cases). Patients aged less than 45 years have
evolved into remission in 47.2% (26/55) of cases, while
those over 45 years are cured in 31.5% of cases (30/95) with
a signi cant difference (P 0.05 ). Recovery is obtained for
25% of men (7/28) and 40% of women (49/122) with no
signi cant difference. Patients with papillary cancer have
evolved into remission in 37.4% (49/131) of cases, whereas
those with follicular cancer are cured in 36.8% (7/19)
with no signi cant difference (P 0.96). The histological
factors in uencing the response to treatment were tumor
size (P  0.001), lymph node involvement (P  0.001),
locoregional extension (P0.001) and capsular invasion
(P 0.047), with signi cant difference. Therapeutic response
also depended on the initial and nal value of Tg (P0.001).
Conclusions: The therapeutic response of DTC with
a high level of Tg depends on the age of patients,
anatomopathological characteristics of the tumor and
values of Tg.
P-021

Prognostic Factors of Distant
Metastasis in Differentiated
Thyroid Cancer with High Level of
Thyroglobulin

56IDU1$PPDU7.DPRXQ01RXLUD
H. Regaieg, M. Ben Fredj, K. Chatti,
M. Guezguez, N. Ayachi, A. Toumi,
H. Essabbah
Department of Nuclear Medicine, Sahloul University
Hospital, Sahloul Sousse Tunisia
Objectives: Distant metastases occur in less than 10%
of patients with differentiated thyroid cancer (DTC)
and are located mainly in the lungs and bones. The
objective of our work is to analyze the prognostic
factors for metastasis in DTC with high level of
thyroglobulin (Tg).
Materials and Methods: Retrospective study of 150
patients with DTC, followed in the Nuclear Medicine
department in Sahloul University Hospital- Sousse
between January 1990 and December 2006 and having
a high Tg level( !2 ng/ml).
Results: Distant metastases were found in 24 patients/150.
Metastases were unique in 19 patients: Lung (15 cases),
bone (three cases), brain (1 case) and associated in ve
patients: bone and lung (4 cases) and bone and orbital
(one case). Age more than 45 years is a signi cant risk
factor in the occurrence of metastases (P 0.004). Tumor
size (P 0.006), capsular invasion (P0.001), lymph node
involvement (P 0.009) were risk factors for metastasis
with a signi cant difference. Sex is not a predictive factor
of metastasis (P 0.052).
Conclusions: Distant metastases are rare in DTC.
They have a poor prognosis. Age and histological
parameters (tumor size, capsular invasion, and lymph
node metastases) are factor involved in the occurrence of
distant metastases. A good knowledge of these factors is
required to ensure better management of DTC.
P-022

Characteristics of Patients with
Thyroglobulin Elevation but Negative
Iodine Scintigraphy in Differentiated
Thyroid Cancer: About 34 Cases
56IDU1$PPDU7.DPRXQ01RXLUD
H. Egaieg, M. Ben Fredj, K. Chatti,
M. Guezguez, N. Ayachi, A. Toumi, H. Essabbah
Department of Nuclear Medicine, Sahloul University
Hospital, Sahloul Sousse, Tunisia
Objectives: Iodine scintigraphy and thyroglobulin (Tg)
are the best tools for monitoring after total thyroidectomy
for differentiated thyroid cancer (DTC). A detectable
Tg-associated with a negative scintigraphy is not a
rare situation. The objective of our work is to analyze
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the characteristics of patients with a high Tg level and
negative Iodine scintigraphy.
Materials and Methods: Retrospective study of 34
patients undergoing DTC, followed in the Nuclear
Medicine department of the University Hospital of
Sahloul Sousse between 1990 and 2006 and having a high
Tg and negative Iodine scintigraphy. Fourteen patients
had Tg between 2 and 10 ng/ml, 16 had a Tg between
11 and 100 ng/ml and four patients had a Tg more than
100 ng/ml.
Results: There were 25 women and nine men. The mean
age was 51.65 years. In 94.1% of cases, the tumor was
papillary. Follicular tumors accounted for only 5.9% of
cases. The mean nodule size was 3.26 cm. The nodule
capsule was invaded in 47.1% of cases. The locoregional
invasion was found in 35.3% of patients. The lymph
node extension was found in 84.8% of patients having
lymph node surgery. Lymph node involvement was
observed in 92.8% of patients with papillary cancer but
it was found in 7.2% of patients with follicular cancers.
Lymphatic invasion was unilateral in 28.6% (N1a) and
bilateral, contralateral or mediastinal in 71.4% (N1b).
Initial level of Tg was as follows: Seven patients had Tg
between 2 and 10 ng/ml, 14 patients had Tg between 11
and 100 ng/ml, and 12 had Tg more than 100ng/ml. The
mean number of radioactive Iodine cure was 11.08 for
patients with Tg more than 100ng/ml with a signi cant
difference (P 0.001).
Conclusions: Among epidemiological, pathological and
clinical characteristics, lymph node invasion is the most
frequently parameter found in patients with a DTC with
high Tg level and negative Iodine scintigraphy.
P-023

SPECT/CT Improving the Diagnostic
Accuracy of Parathyroid Scintigraphy
M. Nouira, T. Kamoun, H. Regaieg, K. Chatti,
56IDU0*XH]JXH]0%HQ)UHGM1$\DFKL
A. Toumi, H. Essabbah
Department of Nuclear Medicine, Sahloul University
Hospital, Sahloul Sousse, Tunisia
Objectives: To illustrate the contribution of
hybrid imaging Single-photon emission computed
tomography-computed tomography (SPECT-CT) in
parathyroid scintigraphy, about two cases.
Materials and Methods: We report the case of
two patients who underwent a parathyroid
scintigraphy. The rst, aged 58, is explored for primary
hyperparathyroidism. The second patient, aged 31, had
hyperparathyroidism secondary to renal failure. The
scintigraphy, performed according to the technique
136

of subtraction MIBI-99 mTc/pertechnetate revealed
in the first case a cervical focal uptake, low lying,
evoking an ectopic parathyroid. For the second patient,
the scan found a parathyroid hyperplasia affecting
three glands. In addition, planer image of this patient
showed a non-speci c upper- left thoracic hot spot.
Parathyroid scintigraphy of the two patients was
completed by performing a SPECT-CT acquisition on
the cervico-thoracic region.
Results: SPECT-CT allowed better diagnostic orientation
in the two cases: it speci ed the location of the ectopic
parathyroid adenoma in the rst patient, sitting behind
the right sternoclavicular joint. For the second patient,
SPECT-CT has matched the thoracic hot spot to an
osteolytic lesion nely partitioned at the sternal end of
the left clavicle corresponding to a brown tumor.
Conclusions: This report emphasizes the value of
SPECT-CT in parathyroid scintigraphy. The advantage
of this association is that it combines assessment of
functional findings with anatomic location, which
improves the management of hyperparathyroidism and
allows the surgeon to anticipate an unusual situation.
P-024

Are There Correlations Between
Biological Parameters (Serum
Calcium and Parathyroid Hormone
Levels) Andparathyroidscintigraphy
Results in the Exploration of
Secondary Hyperparathyroidism?
01RXLUD+5HJDLHJ7.DPRXQ56IDU
K. Chatti, M. Guezguez, M. Ben Fredj,
N. Ayachi, A. Toumi, H. Essabbah
Department of Nuclear Medicine, Sahloul University
Hospital, Sahloul Sousse, Tunisia
Objectives: Parathyroid scintigraphy has become
a useful diagnostic tool in the evaluation of
primary hyperparathyroidism. Its role in secondary
hyperparathyroidism remains under investigation.
Imaging contributes especially in cases of persistent or
recurrent hyperparathyroidism after rst parathyroid
surgery. We investigated whether biological parameters
(serum calcium and parathyroid hormone (PTH) levels)
are predictive of scintigraphy results in the exploration
of secondary hyperparathyroidism.
Materials and Methods: Were retrospectively reviewed
the records of 33 patients who underwent parathyroid
subtraction scintigraphy MIBI-99mTc/Pertechnetate
and were operated from 2009 to 2011 for secondary
hyperparathyroidism. We collected data on parathyroid
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function and results of parathyroid scintigraphy. Patients
were classi ed into groups according to the number of
glands detected on scintigraphy. Mean values of serum
calcium and plasma levels of parathyroid hormone were
calculated for each group.
Results: No significant correlation was observed
between the number of glands detected on scintigraphy
and plasma PTH levels or serum calcium levels.
Conclusions: Contrary to our expectations, in our
experience, these parameters are not predictive of
parathyroid scintigraphy results. This nding allows
emphasizing the interest of parathyroid scintigraphy
in the management of secondary hyperparathyroidism.
P-025

Role of Tc-99m Ethambutol
Scintigraphy to Determine Multifocal
Tuberculosis in Children
A. R. Dewi, A. H. S. Kartamihardja,
J. S. Masjur
Department of Nuclear Medicine, School of Medicine
Universitas Padjadjaran, Dr. Hasan Sadikin Hospital,
Bandung, Indonesia
Background: Tuberculous can involve any part of
the body as a single or multiple sites. Multifocal
tuberculosis (TB) is characterized by the presence of
multifocal tuberculous areas in the same or different
organs. Addition extrapulmonary tuberculosis usually
presents more of a diagnostic problem than pulmonary
tuberculosis. Difficulty on diagnosis of multifocal
tuberculosis may lead to a delay in diagnosing and
treatment of tuberculous infection. In addition,
extrapulmonary tuberculosis involves relatively
inaccessible sites for bacteriologic con rmation. In this
case, invasive procedures are frequently required to
establish a diagnosis. The different of regimen treatment
between pulmonary TB and or extrapulmonary made
important of this jugdement. The scoring system can be
used as screening test that helps clinical judgment but
can not localize site of tuberculous infection On the other
site, 99mTc-Ethambutol is one of imaging modality can
be used to detect and localize, especially in multifocal
tuberculosis. The aim of this study is to describe role of
99mTc ethambutol scintigraphy to determine multifocal
tuberculosis in children.
Materials and Methods: A retrospective study was
done to Single-photon emission computed tomography
(SPECT)/SPECT-computed tomography (CT)
99mTc-Ethambutol result from April 2010–December
2012. Subjects were 11 children (seven male, four
female) suspected have multifocal tuberculosis include

pulmonary TB and or with extrapulmonary. SPECT or
SPECT-CT images were done 1 and 3 hrs after injection
of 10–15 mCi 99m Tc-Ethambutol. Positive results de ne
as pathological tracer uptake outside the physiological
uptake area at 1 and 3 hrs confirmed with others
diagnostic modality. Kenneth-Jones criteria and World
Health Organization (WHO) TB score as diagnostic
approach is assessed from diagnostic infomation such
as various clinical features, history of exposure to adult
patient with TB, result of acid fast bacilli (AFB) and
tuberculin test and radiological ndings.
Result: Total 11 patients were identi ed have tuberculous
infection (as infected cases) at least one organ in pre-scan
diagnosis. All of this patient (100%) have had diagnosed
as pulmonary TB. Eight patients (100%) had uptake
in lungs consistent with radiological result (active
pulmonary TB). No radioactivity was seen in two
patient (100%) with old treated pulmonary TB. One
patient with active pulmonary TB was negative (false
negative). Seven patients (100%) have uptake bone
tubercular lesion in spine confirmed as spondylitis
TB from convensional imaging. Three patients with
clinically suspected with abdominal TB have abdominal
lession in iliac area (100%). One patient pulmonary TB
with ascites suspected peritoneal TB con rmed based
on histophatological result from ascites uid. The other
suggestive abdominal TB consistent with symptoms
of obstruction and radiological result (plain X-Ray,
ultrasonography (USG)]. There were no uptake in two
patient (100%) with suspected meningitis TB con rmed
by lumbar pucture (no tuberculous infection). Two
patients with gluteal abscess and femoral abscess
consistent with USG; one patient con rmed with ne
needle aspiration biopsy (FNAB) result. Two uptakes
in lymph node (axillary, inguinal) con rmed with USG
and FNAB result. One patient with Scrofuloderma in
right iliac region con rmed with hispathological result
from FNAB. All patients consistent with modified
Kenneth-Jones criteria score ranges and WHO TB score
as tuberculosis. Children with multifocal tuberculosis
had Modi ed Kenneth-Jones criteria score ranges from
(9-14) and WHO TB score (16–25). High scoring systems
as screening test may be considered as wide tuberculous
infection or multifocal tuberculosis.
Conclusion: 99mTc-Ethambutol is promising tool to
detect localize the site of tuberculous infection.
P-026

Delayed Citrus Stimulation and
Prevention of Salivary Glands
Damage in Patients of Thyroid
Carcinoma Treated by Radioiodine
Therapy
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P-027

S. Reza, F. Alam, S. Sultana, N. Naher,
F. Begum, R. Perveen
Institute of Nuclear Medicine and Ultrasound, Bangladesh
Atomic Energy Commission, Dhaka, Bangladesh
Objective: Purpose of our study was to see whether
delayed or early citrus stimulation effectively reduce
salivary gland damage after radioiodine in thyroid
carcinoma patients.
Materials and Methods: Total 128 patients were taken
who were waiting for receiving radioiodine therapy
for thyroid carcinoma. Age range of study population
was between 21yrs and 65 yrs. All patients received
100 mCi of radioiodine therapy. This study population
was divided into two groups- group-A and group-B.
Sixty-four patients were in each group. Group-A
patients were instructed to started citrus stimulation
within one hour after radioiodine therapy- this
group was called early stimulation group. Group-B
patients were advised to start citrus agent 24 hrs after
radioiodine therapy-this group of patients was called
delayed citrus stimulation group. We used ascorbic acid
in form vitamin-C tablet as a citrus agent. Both groups
were instructed to suck one ascorbic acid tablet every 3
hrs interval in daytime for rst 5 days after radioiodine
therapy. Each vitamin-C tablet contained 250 mg of
ascorbic acid. As per instruction, each patient took 5
to 6 tablets per day. Both groups were followed-up
regularly to observe any salivary complaint. The onsets
of sialadenitis, taste dysfunction, dry mouth were
monitored at 5th day, 3rd month, and 6th month after
radioiodine therapy. At the end of follow-up period,
salivary gland scintigraphy was done to confirm
salivary gland damage in the patients of both groups
who had salivary complaints.
Result: Sialadenitis was observed 54.7% and 34.4% and
taste dysfunction was 37.7% and 18.8% in group-A and
group-B patients respectively at 5th day after therapy. At
3rd month after therapy sialadenitis, taste dysfunction
and dry mouth was 42.2%, 40.6%, and 46.6% in Group-A
patients and 23.4%, 17.2%, 29.7% in Group-B patients.
At the end of 6th month sialadenitis, taste dysfunction,
dry mouth, obstructive parotitis were observed 45.3%,
31.3%, 43.8%, 21.9% in patients of group-A and 25%,
15.6%, 23.4%, 7.8% in patients of group-B. Through
all follow-up period salivary side effects were more
common in group-A patients than group-B patients.
Beside this follow-up salivary scintigraphy showed
36.4% salivary damage in group-A patients and 9.1%
damage in group-B patients.
Conclusion: Our result showed that delayed
administration of citrus stimulation was more
effectively reduced salivary damage due to radioiodine
therapy than early administration in thyroid carcinoma
patients.
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The Incidence of Malignancy in
Solitary Pulmonary Nodule in
Patients with no Previous History of
Malignancy
Y. Letchumanasamy, L. Kasilingam, B. N. Lee
Objectives: The purpose of our study was to determine
the incidence of malignancy of a Solitary Pulmonary
Nodule in patients with no previous history of
malignancy.
Materials and Methods: A total of 25 patients who were
found to have solitary pulmonary nodules and had no
previous history of malignancy, underwent uorine-18
uorodeoxyglucose positron emission tomography/
computed tomography (F18-FDG PET-CT). Of the 25
patients, there were 13 males and 12 females. The mean
age of the patients was 59 years. HPE in all patients
were obtained.
Results: The incidence of malignancy in Solitary
Pulmonary Nodule in patients with no previous history
of malignancy was found to be 52%. However, three
patients who showed FDG hypermetabolism in the
lesion eventually proved to have infection. Two patients
with normal FDG metabolism in the lesion were later
diagnosed to have carcinoma.
Conclusions: Our results indicate that the incidence of
malignancy in solitary pulmonary nodule is about 50%.
The non-FDG avid lesions should be followed up and
biopsied if clinically indicated to identify false negative
results. FDG avid lesion should be further investigated
as warranted clinically. Therefore, biopsy of the lesion
is a useful adjunct to PET-CT in the identi cation of
malignant solitary pulmonary nodules.
P-028

The Incidence of Detection of
Primary Malignancy Site by PET-CT
in Cases of Metastatic Cancers of
Unknown Origin–HPJ Experience
Y. Letchumanasamy, K. Balachandran,
L. Kasilingam, B. N. Lee
Objectives: The purpose of our study was to determine
the primary tumor origin of cancers of unknown primary
site.
Materials and Methods: A total of 22 patients who
underwent PET-CT in 2012 were included in the study.
The patients included in the study had proven malignancy
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by HPE. Those suspected to have malignancy due to
increased tumor markers or by clinical suspicion without
HPE proven malignancy was excluded. There were 9
males and 13 females, with a mean age of 56.5 years.
Results: Fluorodeoxyglucose positron emission
tomography-computed tomography (FDG PET-CT)
showed a primary tumor site in six patients (27%). In
another six patients (27%), no primary site was found. In
the remaining 10 patients, the ndings were equivocal.
However, the site of FDG hypermetabolism was
identi ed and further HPE con rmation was advised.
Conclusion: FDG PET-CT allowed the identi cation of
primary tumor in almost 30% of the patients. However,
possible primary site was suggested in a further 45% of
the patients, therefore improving the treatment outcome.
P-029

A Retrospective Analysis of 281
PET-CT studies of Lymphoma
Patients for Assessment and
Evaluation of Extranodal
Involvement
Soumendranath Ray, Jayanta Das,
Saugata Sen, Mammen Chandy
Tata Medical Center, 14 MAR, New-town, Rajarhat,
Kolkata, India
Objective: Extranodal disease is prognostically
important in any lymphoma. Incidence of extranodal
is rising in last 2 decades. Accurate localization and
staging of the disease are essential for deciding the
treatment strategy. In this study, usefulness of Positron
emission tomography-computed tomography (PET-CT)
in the evaluation of extranodal involvement of disease
in non-Hodgkin’s lymphoma (NHL) as well as in
Hodgkin’s disease (HD) has been assessed. The study
covers a broad spectrum including various organs of
the body.
Materials and Methods: A retrospective review was
conducted among the histologically proved cases of
lymphoma that underwent PET-CT in our institution.
Between September 2011 and October 2012, 281 such
patients were included in study. All study was done
as per guideline of indication of PET-CT in lymphoma.
Results: Of total 281 cases, 185 (65.8%) were NHL
and 96 (34.1%) were Hodgkin’s disease. Among the
NHL patients, commonest histological subtype was
diffuse large B cell lymphoma (DLBCL) comprised of
51.3% of all NHL cases, which is also largest among all
histopathological subtype and comprises 33.8% of total
study cohort. Twenty-seven cases (14.6% of all NHL
cases) were follicular variant and 11 cases (5.9% of all

NHL cases) were acute large cell lymphoma (ALCL)
variant. Of Hodgkin’s disease, 23 cases (23.9%) are of
mixed cellularity and classical subtype each and 19 cases
(19.6%) is of nodular sclerosis subtype. In our study,
42.7% cases (120 cases out of 281 cases of lymphoma
reviewed by PET-CT) were diagnosed to have extranodal
involvement. Primary extranodal lymphoma was 61
cases (21.7% of total lymphoma patients). Fifty-seven
of them (93.4%) was NHL type and four of them (6.5%)
were Hodgkin’s Disease type. Fifty-nine cases of primary
nodal lymphoma patients (20.9% of of total lymphoma
patients) had secondary extranodal involvement at
the time of scan. Thirty-seven of secondary extranodal
lymphoma (62.7%) were NHL type and 22 of them
(37.2%) were Hodgkin’s disease type. DLBCL is the
commonest histological subtype of both primary as well
as secondary extranodal lymphoma cases and comprised
of 44.1% of total extranodal lymphoma. 57.3% of
primary extranodal lymphoma and 48.6% of secondary
extranodal lymphoma are of DLBCL subtype. Head
and neck region is the commonest site of extranodal
involvement of NHL involving in 18 cases (19.1%).
Waldeyer’s ring is the commonest site in head and neck
region, tonsil being the most common affected organ
involving in 8.5% cases. Nasopharynx was involved
in 3.1% and tongue was involved in 2.1% cases. Orbit
was involved in 3.1% cases. Other sites of involvement
in head and neck were sinonasal cavity and thyroid
cartilages, involvement was seen in one cases in each
sites. Second most common extranodal organ involved in
NHL is gastrointestinal tract (GIT). It is involved in 14.8%
cases. Within the GIT, stomach was the commonest site,
involved in 8.5% cases. Small intestine was involved in
4.2% cases, terminal ileum being commonest site. Colon
was involved in two cases (2.1%). 8.5% of all cases of
NHL had hepatic involvement. Spleen was involved
in 12.7% cases. Focal involvement was the commonest
pattern, although diffuse involvement of spleen was seen
in few cases. Other intra abdominal solid organs involved
were pancreas (2.1%), kidney (2.1%), adrenal (1.0%).
Omentum and peritoneum was involved in 2.1% cases.
Histologically proved lung involvement is seen in 3.1% of
cases of NHL. Pleural involvement was also seen in 3.1%
of cases. Chest wall involvement was seen in 2.1 of cases.
Bone was involved in 7.4% of all cases of NHL. Skin and
soft tissue was involved in 2.1% and 1.0% cases of NHL
respectively. Bone was the commonest site of extranodal
involvement in Hodgkin’s lymphoma involving 30.76%
of cases (eight out of 26 cases of Hodgkin’s lymphoma
with extranodal involvement). Liver was involved in
11.5% and spleen were involved in 19.23% of Hodgkin’s
lymphoma cases. Lung involvement was seen in 19.23%
of Hodgkin’s lymphoma cases.
Cases: Chest wall and pleura were involved in minority
of cases. In our study, skeletal lymphomas were seen
in total 33 cases. Among them, nine cases were of
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primary extranodal disease, which comprises of 14.7%
of all primary extranodal cases. Commonest histological
subtype of skeletal lymphoma in our study was DLBCL
consisting of 36.3% of all skeletal lymphoma. Axial
skeleton is more commonly involved than appendicular
skeleton. Dorsal spine is the commonest site in spine
involving 36.3% of skeletal lymphoma cases. Among
the axial skeleton humerus is most commonly involved
(18.1% cases).
Conclusion: In this study, we have analyzed in detail
the various patterns of extranodal involvement in
different histological subtypes of lymphoma. Site-speci c
distribution was also evaluated in detail in all histological
subtypes with calculation of their statistical signi cance.
P-030

Development of New Software and
Database System for GFR Estimation
by Various Methods Using Renal
%ORRG3URÀOHDQG5DGLRQXFOLGH
Plasma Sampling
A. K. Jha, K. Vinod, S. Bina, S. Sneha,
A. Archi, V. Rangarjan
Nuclear Medicine and Molecular Imaging, Tata Memorial
Hospital, India
Objective: In conventional nuclear medicine practice, Tc
99m DTPA Glomerular ltration rate (GFR) is a routine
test performed by Gamma camera method. This test
contributes majority of nuclear medicine practice across
the globe. This technique is simple, easy to perform and
importantly it provides differential renal function, which
is very important parameter to know in various urological
conditions like obstructive uropathy. However, in many
nephrological conditions like, chronic renal failure (CRF),
acute renal failure (ARF), and effect of nephrotoxic
drugs etc., estimation of absolute GFR accurately is
more important than differential GFR. Plasma sampling
method is very accurate and reproducible technique
to provide absolute GFR. There are also methods to
estimate the GFR by using various blood pro les like
serum creatinine, blood urea nitrogen (BUN) etc., that
can be used. We have developed a new software system
for GFR estimation by using renal blood pro le and
radionuclide plasma sampling method. It is very easy and
useful software; where we can calculate GFR and store
raw data for future reference and there is provision to
compare GFR with previous one in the case of follow up.
Materials and Methods: This software program has
been developed using Visual Basic (VB 6.0) Software
and MS Access Database system on Personal computer.
The standard established formulas were used to estimate
140

GFR by this software. Software Feature: This Software
can be installed on all available versions of Microsoft
windows. This is a single user software system, which
can be upgraded to multi user with small modi cation.
This software has dedicated database to store all relevant
data of patient in various table, which is used for GFR
estimation. This software can estimate GFR by Cock croft
Gault method, Modi ed Diet in Renal Disease (MDRD)
method, Schwartz method, Counahan Barrat method,
two plasma sampling method, and single plasma
sampling method. This software is self-instructional
and very user friendly with separately designed Patient
Registration form, Requisition form, Data Entry form and
GFR Calculation, and display template. GFR calculated
by any selected method can be displayed separately or
on the same page. There is provision to estimate absolute
GFR for individual kidney by entering differential
uptake obtained from gamma camera of differential
GFR or effective renal plasma ow (ERPF) estimated my
method. Software has capability to compare present GFR
with previous one in terms of percentage change or in
graphical representation.
Results: This software is used for research as well as
routine work in our department satisfactorily. More than
200 patients are already under gone GFR investigation
by using this software and it is able to give satisfactory
result with lot of ease.
Conclusion: This is a robust software program, which
makes entire process of GFR estimation by various
methods very simple and is also user friendly.
P-031

Comparison of Calculated
Fracture Risks and Treatment
Recommendations Between FRAX
and Other On-Line Fracture Risk
Calculators (FORE, QFracture, and
Garvan)
A. E. Pauco, J. M. Obaldo
Division of Nuclear Medicine, Philippine Heart Center,
Philippines
Objectives: FRAX and other online fracture risk
calculators help clinicians determine the probability
of patients developing fractures, and decide when
anti-osteoporotic therapy should be initiated. This
study seeks to compare the fracture risks calculated by
FRAX with those generated by FORE, QFracture and
Garvan, and identify possible disparities in the treatment
recommendation between FRAX and the other fracture
risk calculators.
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Materials and Methods: The 10-year hip and major
osteoporotic fracture risks of 102 Filipino patients referred
for DXA (using Hologic Discovery) were calculated in
retrospect using the FRAX, FORE, QFracture, and
Garvan online fracture risk calculators. The fracture risks
and resulting treatment recommendations of FRAX were
compared with those generated by FORE, QFracture
and Garvan.
Results: The results showed that the FRAX-calculated
fracture risks are significantly lower from those
generated by FORE (% differences of 1.79 r 2.75,
P  0.001 for the hips; and 4.50 r 4.68, P  0.001 for
major osteoporotic sites) and Garvan (% differences
of 5.85r6.23, P0.001 for the hips; and 17.02r9.22,
P0.001 for major osteoporotic sites); while FRAX and
QFracture have statistically comparable hip fracture
risks (% differences of 0.26r1.53, P 0.09), but differ
in their major osteoporotic fracture risks (% differences
of 1.10r2.09, P0.001). FRAX provided lower fracture
risks than FORE, despite substantial similarities in
input parameters and clinical risk factors considered.
FRAX surprisingly revealed declining fracture risks (for
both hips and major osteoporotic sites) after peaking
at a particular age, attributable to FRAX’s “mortality
offset” analysis. Weak agreement in the treatment
recommendations of FRAX with FORE (kappa  0.18,
P 0.006) and QFracture (kappa 0.21, P 0.029) was
identi ed, and signi cant discordance between FRAX
and Garvan (kappa 0.09, P 0.117) was noted.
Conclusions: FRAX seemingly underestimated fracture
risks among osteopenic and osteoporotic patients,
resulting to possible delays in anti-osteoporotic therapy
and increased rate of fragility fractures.
P-032

Pleuro-Peritoneal Communication
Detected by Technetium 99m-tagged
Macroaggregated Albumin
Radionuclide Peritoneal Scintigraphy
in a Chronic Kidney Disease Patient
on Peritoneal Dialysis: A Case Report
C. M. Macaisa, R. A. Conlu, J. R. Agga
Nuclear Medicine, University of Santo Tomas Hospital,
Philippines
Objective: This case will present the value of
peritoneal scintigraphy in evaluating pleuroperitoneal
communication in patients undergoing Continuous
Ambulatory Peritoneal Dialysis (CAPD).
Background: End-stage renal disease (ESRD) is one of
the leading causes of mortality in the Philippines. The

rise of ESRD coincides with the increase in the number
of patients with diabetes mellitus and hypertension in
the past few decades. ESRD patients undergo either
peritoneal dialysis or hemodialysis. CAPD has found
wide acceptance as an effective treatment option.
CAPD is an alternative to hemodialysis for high risk
and elderly patients. However, CAPD patients are at a
higher risk for developing hydrothorax. Determining
the site of origin of the uid is necessary for planning
the treatment when complications are encountered. This
case presents the value of peritoneal scintigraphy in
evaluating pleuroperitoneal communication in patients
undergoing CAPD.
Case: This is a case of an 83-year-old female, diagnosed
with chronic kidney disease secondary to hypertensive
nephrocalcinosis, who presented with sudden-onset
dyspnea and tachypnea after her rst peritoneal dialysis.
She was referred for peritoneal scintigraphy to detect any
possible pleuroperitoneal leak. Peritoneal scintigraphy
was performed after intravenous administration of 185
MBq of Tc-99m MAA in 1 liter of peritoneal dialysis
uid. Beginning on the fth minute of the study, a faint
blush of activity was seen arising from the upper portion
of the right hemiabdomen into the right hemithorax.
The activity was noted to increase in intensity in the
succeeding images, eventually outlining the silhouette
of the right lung. Delayed images showed more intense
activity in the posterior views of the right lung. No
activity was seen in the left hemithorax throughout
the entire duration of the study. This con rmed the
suspected pleuroperitoneal communication in the
right hemithorax, most likely in the posterior portion.
Discontinuation of CAPD is often advised when there
is acute hydrothorax. However, in some cases like
those that the one presented in this paper, CAPD can
be continued after surgical correction of the peritoneal
leak that was localized by the peritoneal scintigraphy.
Conclusion: Peritoneal scintigraphy is a safe,
non-invasive and sensitive diagnostic procedure to
demonstrate pleuroperitoneal communication. It may
play an important part in decision-making for patients
on peritoneal dialysis with suspicion of pleuroperitoneal
leak.
P-033

Impact of Low Iodine Diet
Pre-Radioactive Iodine (I-131)
Treatment on Urinary Iodine
and Response to Radioactive
Iodine (I-131) Treatment Among
Differentiated Thyroid Cancer
Patients at Hospital Kuala Lumpur
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L. Kasilingam, W. Nazaimoon, B. N. Lee,
,/XW¿</HWFKXPDQDVDP\.%DODFKDQGUDQ
Department of Nuclear Medicine, Hospital Kuala Lumpur,
Malaysia
Objectives: Low iodine diet is often advised
before radioactive iodine scanning or treatment of
well-differentiated thyroid cancer. Our objective
was to determine the prevalence of low iodine diet
pre-radioactive iodine treatment among thyroid cancer
patients and their response to treatment.
Materials and Methods: A cross sectional study
was done. Seventy-five well-differentiated thyroid
cancer patients were recruited into the study. Verbal
instructions were given to patients on low iodine diet and
urinary iodine level was measured before radioactive
iodine treatment. A post-therapy whole body scan
was performed after treatment and another follow-up
diagnostic whole body scan was performed 6 months
later.
Results: Low iodine diet reduced urinary iodine
measurements in 65.3% (49/75) of the subjects with
a mean of 84.8 mg/L and SD (55.2). Patients on low
iodine diet did not show signi cant treatment response
6 months post-treatment (P 0.493). However, 24/30 of
the newly diagnosed patients with urinary iodine level
of  100 mg/L showed good response to treatment
(P 0.001).
Conclusions: Given that low iodine diet reduce urinary
iodine measurements and possibly improve ef cacy of
I-131 treatment, we still favour the use of a 2-week low
iodine diet before radioactive iodine therapy or scanning.
However, more research is needed to clarify the role of
this dietary intervention.
P-034

Case Report: Thyrotoxicosis Due to
Functioning Metastases in Follicular
Variant of Papillary Thyroid
Carcinoma
P. P. Khor, B. N. Lee
Hospital Kuala Lumpur, Malaysia
Thyrotoxicosis due to functioning metastases in
differentiated thyroid carcinoma (DTC) is very rare. We
report a case of follicular variant of papillary thyroid
carcinoma in a 57-year-old who was presented with bone
and lung metastases associated with thyrotoxicosis after
defaulted treatment for 5 years. Possible mechanisms
causing this functioning metastases are: i) Thyroid
stimulating immunoglobulin (TSI) previously known as
Long acting thyroid stimulator (LATS). TSI stimulates
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TSH receptor promoting tumor growth, synthesis of
thyroid hormone and development of hyperthyroidism
and ii) large tumor burden functioning autonomously.
The management of DTC with functioning metastases is
almost similar with non-functioning metastases, in which it
comprises of total thyroidectomy and radioiodine ablation.
However, in the presence of functioning metastases,
radioiodine ablation may accentuate thyrotoxicosis and
potentially cause thyroid storm. Thus, pre-treatment with
anti-thyroid drugs, steroid and beta-blocker is necessary
to minimize the risk of thyroid storm. Hyper-functioning
metastases can sequester large quantities of I-131, even in
the presence of suppressed TSH.
P-035

Preparation and Quality Control
of 166Ho-DTPA-AntiCD20 for
Radioimmunotherapy
6=ROJKDGUL$5-DOLOLDQ+<RXVHIQLD
A. Bahrami-Samani, M. Ghannadi-Maragheh
Radiopharmaceutical Research and Development Lab,
Nuclear Science and Technology Research Institute,
Tehran, Iran
Objectives: The purpose of this research was to
prepare 166Ho- diethylene triamine pentaacetic acid
(DTPA)-antiCD20 for ultimate radioimmunotherapy
applications.
Materials and Methods: Ho-166 chloride was
obtained by thermal neutron ux (1 u 1013 n.cm-2.s-1)
of natural Ho2(NO3)3 sample, dissolved in acidic media.
166Ho-holmium chloride (185 MBq) was added to the
conjugated antibody after ccDTPA residulation at room
temperature. Radiochemical purity of the complex was
studied by Instant Thin Layer Chromatography (ITLC)
and High-performance liquid chromatography (HPLC)
method. The nal isotonic 166Ho-rituximab complex
was checked by gel electrophoresis for protein integrity
retention. Biodistribution studies of Ho-166 chloride and
radioimmunoconjugate were performed in wild-type
rats to determine the biodistribution.
Results: Ho-166 was prepared with high specific
activity (3–3.5 GBq/mg). Radiochemical purity of
95% (ITLC) and 98% (HPLC) were obtained for nal
radioimmunoconjugate. The accumulation of the
radiolabeled antibody in lungs, liver, and spleen
demonstrates a similar pattern to the other radiolabeled
anti-CD20 immunoconjugates.
Conclusions: Our results indicate that 166Ho-DTPA-anti
CD20 can be prepared with high radiochemical purity
and therefore be used for radioimmunotherapy
applications
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P-036

Development of
177LU-DOTA-Trastuzumab for
Radioimmunotherapy
+<RXVHIQLD$5-DOLOLDQ
A. Bahrami-Samani, M. Ghannadi-Maragheh
Radiopharmaceutical Research and Development
Laboratory (RRDL), Nuclear Science and Technology
Research Institute (NSTRI), Tehran, Iran
Objectives: The purpose of the study was to prepare
177Lu- Trastuzumab, which can be used for the treatment
of breast cancer patients.
Materials and Methods: Lu-177 chloride was prepared by
thermal neutron ux (4u1013 n.cm-2.s-1) of natural Lu2O3
sample. The macrocyclic bifunctional chelating agent,
N-succinimidyl-1, 4,7, 10-tetraazacyclododecane-1, 4,7,
10-tetraacetic acid (DOTA-NHS) was prepared at 25°C
using DOTA, N-hydroxy succinimide (NHS) in CH2Cl2.
DOTA-Trastuzumab was obtained by the addition of 1
ml of a Trastuzumab pharmaceutical solution (5 mg/ml,
in phosphate buffer, pH 7.8) to a glass tube pre-coated
with DOTA-NHS (0.01-0.1 mg) at 25°C with continuous
mild stirring for 15 h. Radiolabeling was performed at
37°C in 24h. The nal isotonic 177Lu-DOTA-Trastuzumab
complex was checked by gel electrophoresis for structure
integrity control. Preliminary biodistribution studies
in normal rats were carried out to determine complex
distribution of the radioimmunoconjugate up to 168 h.
Results: Radio-thin layer chromatography showed an
overall radiochemical purity of ! 98% at optimized
conditions (speci c activity  444 MBq/mg, labeling
ef cacy; 82%). The biodistribution data were in accordance
with other anti-CD20 radioimmunoconjugates already
reported.
Conclusions: Our results indicate that 177Lutrastuzumab can be produced with high radiochemical
purity and be applied for the bone cancer treatment.
P-037

Incidence and Pattern of Pancreatic
Parenchymal Metastases on FDG
PET-CT
V. Agarwal, S. Pande, B. Suneetha,
D. R. Jangid
Department of Nuclear Medicine, Medanta The Medicity
Hospital, Gurgaon, India
Objectives: Pancreatic involvement by metastases from

other primaries is rare, accounts for approximately 2–4%
of pancreatic tumors, and is found in 12% of patients with
advanced malignancy, at autopsy. Metabolic imaging can
be a convenient noninvasive method of early detection of
recurrence and in monitoring metastatic disease during
follow-up.
Materials and Methods: The most frequent primary sites
include lung, breast, kidney, and gastrointestinal tract
(GIT). Metastases do not appear to show a predilection
for a particular part of the pancreas. A retrospective
study was done comprising of last 2000 Positron
emission tomography-computed tomography (PET-CT)
whole-body (WB) cases to look for incidence and pattern
of these metastases in our oncology patients.
Results: In total 1.2% (24 cases) of cases showed
pancreatic involvement, mostly (!90%) in advanced
stages (III/IV) with mainly three patterns: First and most
common (0.8%–16 cases) that of a uorodeoxyglucose
(FDG) avid single localized mass either isodense or
hypodense on corresponding unenhanced computed
tomography (CT) images. Distortion, compression, or
obstruction of the CBD/MPD was seen in two cases,
simulating primary pancreatic adenocarcinoma. Rarely,
vascular involvement with splenic vein obstruction
and varices can be observed as per literature, but none
was observed in our study. A second pattern (0.3%–six
cases) was of multiple FDG avid pancreatic nodules
In the third type (0.1%–two cases), FDG avid diffuse
pancreatic enlargement, with smooth or lobulated
contour, was seen. The morphologic and enhancement
features of pancreatic metastases on corresponding CT
images closely resembled those of the distant primary
neoplastic source in 30% of total cases. More than 75% of
metastases exhibit enhancement; larger lesions showing
peripheral enhancement, whereas masses smaller
than 1.5 cm diameter showing more homogeneous
enhancement. Renal carcinoma (two cases) metastatic to
the pancreas exhibited rapid enhancement on the arterial
phase beginning 25 sec from the start of injection with no
relation to the size; and wash-out in the delayed phase
images. Other sites of metastases were also frequently
noticed (!95%) on PET-CT which in fact, reinforced
the likelihood that the pancreatic mass seen represents
metastasis.
Conclusions: Symptomatically speaking, most patients
(83%) are free of organ-speci c complaints when the
metastases is detected incidentally on conventional
imaging and that’s why, interval from diagnosis of an
extrapancreatic primary tumor to subsequent detection
of a pancreatic metastases varies between 1 and 3
years, which can be signi cantly reduced with PET-CT
incorporation in oncology surveillance. Pancreatic
metastases usually develop late in the course of a
generalized malignant process, leaving room only for
palliative measures, but with 90% sensitivity of FDG PET
in detecting recurrence/metastases in patients, especially
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with asymptomatically elevated tumor markers and/or
equivocal conventional imaging results, FDG PET-CT
de nitely has the role both in showing the presence
of pancreatic metastases and in providing guidance to
obtain a de nitive tissue diagnosis.
P-038

Isolated Retinal Metastases in a Case
of Ca. Rectum Detected on FDG
PET-CT
V. Agarwal, S. Pande, A. Sen, D. R. Jangid
Department of Nuclear Medicine, Medanta The Medicity
Hospital, Gurgaon, India
Objectives: Colorectal cancer is the most common
abdominal cancer diagnosed annually all over the world.
Metastases secondary to colorectal cancer does occur in
10–20% of patients even if the primary tumor undergoes
curative resection the most common sites being liver and
lung. Though metastases to the orbit or eye are not rare
and have been well described in the literature, metastases
arising from a gastrointestinal primary are relatively rare.
Materials and Methods and Results: We describe the
rare case of a patient with a distal rectal cancer (post
op.) with solitary intraocular metastasis to the choroid
causing retinal detachment, presenting with retinal
hemorrhage and visual disturbance. On Positron
emission tomography-computed tomography (PET-CT)
examination, a hypermetabolic soft tissue was noted in
the left choroid causing the retinal detachment, with no
other local/distal metastatic focus noted. The choroid
of the eye is the thin vascular middle layer of the eye
that is situated between the sclera and the retina. Most
metastases to these regions arise from the lungs, breast
or skin. Given that colon and rectal cancers are as
prevalent, this incidence seems extremely low. Ko et al.,
demonstrated cerebral and pulmonary metastases were
associated with lower rectal tumors, when compared to
either colonic or upper rectum ( !12 cm above the anal
verge). This can possibly be explained on basis of drainage
pattern as lower rectum is drained by the inferior and
middle rectal veins systemically to the inferior vena cava
and not to the portal system which drains the superior
rectal vein. This might explain as to why choroidal
metastasis of gastrointestinal malignancies, (especially
colon and rectal cancer) are exceedingly rare. The patient
was treated with an anterior lens-sparing electron beam
techniquedelivering 38 to 50 Gy in 2.5 Gy fractions that
has signi cantly relieved the patient of his symptoms,
as of now.
Conclusions: The presence of these forms of metastasis
should be considered in the differential diagnoses
when a patient with a history of colorectal cancer
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presents with ophthalmological de cits. Reversely, if
a patient presents with a primary nding of choroidal
metastasis (with or without retinal detachment)
gastrointestinal tract malignancies, specifically
colorectal cancer, should be considered as the potential
primary site. Treatment approaches must take into
account the palliative nature of care, focusing on
maintaining vision in conjunction with quality of life
and can include external beam irradiation, systemic
chemotherapy, resection and/or enucleation and
evaluation must include whole body PET-CT as
solitary choroidal/retinal metastases are rare and help
in treatment planning.
P-039

Normal Values of Gallbladder
Ejection Fraction in Indian
Population using 99mTc-Tetrofosmin
V. Agarwal, S. Pande, S. Mahajan, D. R. Jangid
Department of Nuclear Medicine, Medanta The Medicity
Hospital, Gurgaon, India
Objectives: Sincalide, in conjunction with
cholescintigraphy, is necessary to evaluate the gall-bladder
ejection fraction, needed to diagnose cholecystitis
(especially chronic acalculous type). However, sincalide
is not widely available and is expensive too. This study
investigates the use of a simple easily available meal
(comprising bread slices and sufficient and known
amount of butter) as an inexpensive alternative to
sincalide, to cause gallbladder contraction; to determine
normal gallbladder ejection fraction (GBEF) values for
the Indian referred population (no previous study) and
usefulness of tetrofosmin in cholescintigraphy.
Materials and Methods: We studied 40 patients aged
56.5r12.4 years with body mass index (BMI) 27.26r4.4
who were referred for 99mTc-tetrofosmin myocardial
perfusion imaging. These patients were examined to rule
out any abdominal symptoms, or history of abdominal
disease and absence of intake of any medicines known
to affect the biliary tract. All were pre-screened with an
ultrasound examination to exclude any abnormality.
After 5 hours fasting, 15 mCi of 99mTc- tetrofosmin
was injected intravenously during the stress phase of
Myocardial Perfusion Imaging and 30 minutes later
the subjects ingested the test meal (containing10 g fat).
GBEF was calculated at 30 and 60 minutes after fatty
meal ingestion. Result: GBEF at 30 minutes and at 60
minutes after fatty meal ingestion were 67.93r21.76%
and 86.69r15.88%, respectively. GBEF did not differ
signi cantly between men and women. There was no
statistically signi cant correlation between BMI and
GBEF.
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Conclusion: This study shows the usefulness of easily
available fatty meal and the Tc- tetrofosmin in calculation
of the gall-bladder ejection fraction. Lower limit of normal
GBEF values was 24.41% at 30 min and 54.93% at 60 min
using our “easily available” fatty meal, in the Indian
population. However, in the clinical setting, potential
overlap in the lower range of GBEF measurement
between the healthy subjects and patients may happen,
so pronouncing the result in terms of percentile rank,
taken along with clinical picture of patient, may be the
apt way of planning the management.
P-040

FDG Avid Lymph Nodes in a Case of
Cutaneous Lymphoma? Malignant/
Benign - An Interesting Case of
Dermatopathic Lymhadenopathy
V. Agarwal, S. Pande, S. Mahajan, D. R. Jangid
Department of Nuclear Medicine, Medanta The Medicity
Hospital, Gurgaon, India
Objectives: Dermatopathic lymphadenopathy (also
known as lipomelanotic reticulosis, or Pautrier–
Woringer disease) is, itself, non-neoplastic rare type of
benign lymphatic hyperplasia associated with a variety
of exfoliative/eczematoid in ammatory erythrodermas,
rarely with malignancies causing dermatitis like Chronic
lymphocytic leukemia (CLL) or mycosis fungoides.
The axillary and inguinal regions are most commonly
affected, although the head and neck may be involved
as well.
Materials and Methods: This is a case of 60-year-old man
having skin lesions for past 2 years, showing progression
in the past 1 month. Fluorodeoxyglucose positron
emission tomography computed tomography (F-18
FDG PET/CT) imaging showed mild diffuse cutaneous
uptake in the posterolateral aspect of right thigh with
intensely FDG avid lymph nodes in the axillary and
inguinal regions.
Results: A diagnosis of either lymphoma with skin
involvement or cutaneous lymphoma involving the
lymph nodes was suggested; however, histopathology
revealed lymph nodes containing melanin and fat-laden
reticular cells (c/w dermatopathic lymphadenitis).
Conclusions: While the pathogenesis of the lymph
node changes remains obscure, the histologiccal features
suggest that it is at least in part an immune response,
although the responsible antigen remains unknown. This
entity is a potential pitfall in the evaluation of lymphoma
and should be considered in the differential diagnosis,
especially in individuals with history of in ammatory
erythrodermas/cutaneous malignancy.

P-041

Biochemical Outcome of Single Fixed
Dose of Radioiodine Therapy in
Hyperthyroid Patients – Experience
in a Tertiary Hospital in Bangladesh
R. Perveen, F. Begum, S. Reza, F. Alam
Institute of Nuclear Medicine and Ultrasound, B SMMU,
Dhaka, Bangladesh
Objective: To evaluate the biochemical response of single
xed dose of radioiodine therapy (RIT) in hyperthyroid
patients in the tertiary referring hospital.
Materials and Methods: One hundred and two patients
were studied prospectively of which eighty-two were with
Graves’ disease (GD) and twenty were toxic multi-nodular
goiter (TMNG). These patients were referred to Institute
of Nuclear Medicine and Ultrasound during the January–
December, 2010. All patients were treated with xed dose
regime of radioiodine, which included 8-12 mCi for GD and
12-15 mCi for TMNG and hugely enlarged thyroid gland.
Clinical assessment of all patients was evaluated at 3 and
6 months after RIT. Each patient was assessed according
to the Biochemical parameters by hormone estimation of
serum thyroid stimulating hormone (TSH) and FT4 levels.
Results: After 3 months and 6 months follow-up mean
TSH level increased from baseline 0.2r0.06 mIU/L to
23.03r21.44 mIU/L, then15.19r14.88 mIU/L, and FT4
sharply reduced from baseline 35.89r18.26 P mol/L to
17.74r11.94 pmol/L, then 17.52r7.57 pmol/L. Out of 82
Graves’ disease patients, 30 patients became euthyroid,
43 patients became hypothyroid and nine patients
remained hyperthyroid state. Thus, the remission
percentage was found in 89% cases and failure rate was
11%. Out of 20 toxic multi-nodular goiter patients, 16
patients became euthyroid and four patients became
hypothyroid state. Thus, the remission rate was 100%.
There was no signi cant correlation of age and sex to the
outcome of radioiodine therapy.
Conclusion: The results of the present study demonstrate
that a single xed dose of RIT is highly effective in curing
GD as well as TMNG hyperthyroidism. This study also
showed that euthyroid and hypothyroid are clinical
outcome after radioiodine therapy based on thyroid
hormones assessment.
P-042

Proportion Difference of FDG Uptake
on Blastic and Litic Lesion
F. Hutomo, B. Hidayat, I. D. ulyanto,
B. Darmawan, H. S. Kartamihardja
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Department of Nuclear Medicine and Molecular Imaging,
Universitas Padjadjaran/Dr. Hassan Sadikin Hospital,
Bandung, Indonesia
Introduction: Metastatic concideration as a part of
staging is a very important step which will conclude next
management in every malignancy. Recently, uorine-18
fluorodeoxyglucose positron emission tomography
computed tomography (F-18 FDG PET/CT) is a modality
with high accuracy for staging and has been proved thet
it is superior from other conventional modality such
as chest x-ray and CT scan. One of the most common
metastatic sites is bone; this malignant cell triggered bone
reaction, which could be lytic or blastic process. These
morphological changes are detectable on anatomical
imaging such as CT scan. However, on F-18 FDG PET
examination; bone lesions were FDG-avid on various
degrees. In this study, we describe the difference on
proportion of FDG uptake on blastic or lytic bone lesion.
Materials and Methods: We perform retrospective
study on patient refered for F-18 FDG PET/CT due to
malignancy or malignancy suspect from April 2011 until
October 2012 at Moechtar Riadi Comperhensive Cancer
Center Hospital in Jakarta. CT low-dose was performed
as a part of PET/CT examination (120 KeV; 80 mA). The
presence of each bone metastasis on PET and CT was
recorded. For the CT component, each bone lesion was
further de ned as showing dominant lytic if it showed
dominant radiolucent lesion and dominant blastic if it
showed dominant radio-opaq lesion. For each lesion, we
also recorded FDG avidity and SUVmax (Standart Uptake
Value maximal).
Result: From April 2011 until October 2012, F-18 FDG
PET/CT examinations were performed in 887 subjects
with various malignancy. Seven hundred and twenty
four lesions were recorded from 298 subjects with various
malignancies (most of them were breast cancer and
prostate cancer). There were 229 blastic lesion; 25.3% (58
lesion) with increased FDG uptake (mean SUVmax: 6.77)
and 74.7% (171 lesion) non-FDG avid (mean SUVmax:
0.82). We found 407 lytic lesion; 90.7% (370 lesion)
FDG-avid (mean SUVmax: 7.34) and 9.1%(37 lesion) non
FDG-avid (mean SUVmax: 0.95). SUVmax also recorded for
each lytic lesion (mean SUVmax: 6.75r1.02) and blastic
lesion (mean SUVmax: 2.32r0.42); the difference between
these values was statstically signi cant (P0.021). There
were also noted 88 lesions with increase FDG uptake that
not detected on CT low-dose. On F-18 FDG PET/CT; lytic
lesion commonly contain more malignant cell which,
FDG-avid, so they much more easy to detect. Systemic
treatment frequently turns lytic bone lesion in less
FDG-avid. Blastic lesion on other hand, was relatively
acellular, i.e., there was a smaller tumor volume when
compared with a lytic lesion; some study also indicated
that a sclerotic lesion caused by tumor with lower
glycolitic rate; this is why frequently blastic lesion may
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not increased in FDG-avid. Some blastic lesion, which
increased FDG-avid, has not been fully understood.
There were 88 lesions with discrepancy on FDG PET
and CT low-dose; this may caused from molecular and
cellular changes that already detected on PET sca before
CT scan can detect anatomic changes.
Conclusion: On FDG PET, lytic lesion on bone tend to
be easier to detect but, not all lytic lesion were FDG-avid
and not all blastic lesion were not detected on FDG PET.
Therefore, not only the sclerotic or lytic characteristic
of a bone lesion determines the degree of FDG uptake,
there are possibly multiple factors in uence FDG uptake
of bone lesion. We need to understand the factors
that contribute to the FDG uptake and corresponding
detactability of bone lesion to avoid misdiagnosis.
P-043

GCB type Primary Cardiac Lymphoma
on FDG PET-CT
V. Agarwal, S. Pande, R. Kavindran,
D. R. Jangid
Department of Nuclear Medicine, Medanta The Medicity
Hospital, Gurgaon, India
Objectives: Primary cardiac tumors are rare, and of
these, primary cardiac lymphomas (PCL) account for less
than 1%. It is de ned in a strict sense as a non-Hodgkin
lymphoma involving only the heart and pericardium;
or the bulk of tumor is within the pericardium causing
cardiac symptoms from lymphomatous cardiac
in ltration. PCL was previously diagnosed largely at
autopsy, but recent advances of imaging techniques,
myocardial biopsy and cytology have made ante-mortem
diagnoses possible. PCL favors the right side of the heart;
a possible, novel, anatomic explanation being the nding
that the thoracic duct drains lymph into the Superior
Vena Cava (SVC), and subsequently into the right atrium
and ventricle, meaning the right heart would more
readily and frequently be exposed to any pre-existing
nodal lymphoma. It occurs almost exclusively in elderly
and immunosupressed patients, but very infrequently
can develop in young and immunocompetent patients
also possibly because of subclinical immunosuppressive
state.
Materials and Methods: The clinical presentation
varies, commonly involving atrioventricular (AV) block
or heart failure; but presence of arrhythmia and left
ventricular (LV) involvement deems poorer prognosis.
We report a 22-year-old young boy who presented
with SVC syndrome; Contrast enhanced computed
tomography (CECT) scan revealed an infiltrative
mass at the right atrium inlet, occluding the SVC ow.
Urgent surgical resection revealed a soft mass, which
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on histopathological-examination was found to be
lymphoma. To look for any other local/distant focus
and explore the possibility of it being primary cardiac
lymphoma, fluorodeoxyglucose positron emission
tomography computed tomography (FDG PET-CT)
examination was done which showed no other FDG avid
focus (lymphnode or bone marrow involvement), though
it has been suggested that PCL may show microscopical
metastases in advanced disease.
Results: Most of the reported cases of PCL are diffuse
large B cell lymphoma, with minority of them being T cell
type. Recently, DLBCL has been classi ed into germinal
center B cell-like (GCB) and non-GCB according to the
immunohistochemistry of CD10, BCL-6 and MUM1.
In general, non-GCB type is more common and shows
poorer prognosis than GCB. The present case was a
rare GCB lymphoma, which may indicate the better
prognosis of the present case. Conclusions: Abnormal
F-18 FDG uptake has been described in several benign
and primary malignant cardiac lesions (cardiac myxomas
and angiosarcomas, respectively). The utility of FDG
PET-CT lies in making differentiation of the intracardiac
structures much easier, more precise and giving a whole
body perspective to decide whether it is lymphomatous
involvement of extra-cardiac lymphoma or a primary
cardiac lymphoma; because as discussed above, PCL
itself has poorer prognosis.
P-044

Evaluation of Nano-liposomal Patent
Blue Dye Labeled with 99mTc-HMPAO,
in the Sentinel Lymph Node Mapping
K. Sadri, S. N. Heidari105-DDIDUL1,
R. Sadeghi, S. R. Zakavi, F. Johari Daha2
Nuclear Medicine Research Center, and 1Nanotechnology
Research Center, Mashhad University of Medical Sciences,
Mashhad, 2Department of Radioisotope, Nuclear Science
and Technology Research Institute, Tehran, Iran
Objectives: Radio-colloid particles travel slower than
soluble tracers in lymphatic system, and had higher
uptake in the lymph nodes. Nano-liposomes are colloidal
particles composed of spontaneously forming lipid
spheres. The main goal of this study was to prepare a
novel lymph node delivery system with nano-liposomes
encapsulated patent blue dye. These preformed
nano-liposomes are then labeled with 99mTc, permitting
scintigraphic imaging of the colored sentinel node at
the same time.
Materials and Methods: Patent blue and glutathione
(GSH) were encapsulated into liposomes via the solvent
evaporation method. After reducing the size of liposome

to the nano-scale size using extrusion, were labeled with
prepared 99mTc-HMPAO and puri ed by passing through
Sephadex G-25. 40 Pl of 99mTc labeled liposome containing
patent blue dye were administered subcutaneously to
the hind limbs of mice to map the lymphatic drainage
patterns.
Results: Encapsulation ef ciency of patent blue dye was
determined to be 1.26%r0.1. Labeling ef ciencies for
liposomes encapsulating 200 mM GSH were 70%r4.6.
Tissue counts of the nodes as percentage-injected dose
per gram were 1.2%ID/g.
Conclusion: Nano-liposomes encapsulating patent blue
dye can be successfully labeled with 99mTc-HMPAO,
providing a convenient option for the simultaneously
visualization and radio-localization of the sentinel lymph
node.
P-045

Role of 18F-FDG in Dementia and
Its Utility in Era of Newer PET
Radiopharmaceuticals
M. K. Srivastava, M. Indirani, S. Shelley,
H. Jain
Nuclear Medicine, Apollo Hospitals, Greams Road,
Chennai,
Objectives: Role of 18F-Fluorodeoxyglucose (18F-FDG)
in the differential diagnosis of dementia–our experience.
Background: With the passing of each day, newer
radiopharmaceuticals are being discovered for
dementia imaging. These are more specific for the
disease processes and hold newpromises. However,
there is availability constraint. Will 18F-FDG be able
to stand the challenges put forth by these agents?
Imaging Findings or Procedure Details: This is a
pictorial assay of the Brain FDG Positron emission
tomography-computed tomography (PET-CT) scans
done at Apollo Hospitals, Chennai who were referred
with diagnosis of dementia. Standard PET-CT Brain
imaging protocol was used. Images were interpreted
visually and on Neuro-Q® software. The findings
were correlated with the history of the patient and
improvement in condition of the patient after treatment.
Sample example, A 63-year-male presented with
dif culty in walking, gross cognitive impairment, loss
of bladder and bowel movement and blurred speech
since 1 year. Magnetic resonance imaging (MRI) brain
imaging showed age related diffuse cerebral atrophy.
PET–CT showed decreased FDG uptake in bilateral
cerebellum, pons and left lenticular nucleus. Patient
was diagnosed with MSA and started on levodopa.
Now patient is doing well.
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Conclusion: 18F – FDG is a good agent in the
differentiating various causes of dementia and further
speci c imaging may follow this scan.
P-046

Case Illustration on the Role of
Nuclear Medicine in the Staging of
the Axilla in Early Breast Cancer
A. C. H. Khoo, Y. T. Cheong1, F. Hamzah,
I. L. Shuaib, M. A. Khader
Department of Nuclear Medicine, Penang General Hospital,
1
Department of Surgery, Penang General Hospital,
Department of Radiology, Advanced Medical and Dental
Institute-USM, Malaysia2
Axillary staging is important in prognostication
and treatment of early breast cancer patients.
Nuclear medicine modalities especially Fluorine-18
fluorodeoxyglucose positron emission tomography
computed tomography (F-18 FDG PET-CT) and sentinel
lymphoscintigraphy have changed the paradigm of
early breast cancer management and hence reduced
morbidity. We demonstrate the use of both modalities
in a breast cancer patient managed in Penang General
Hospital.
P-047

Apical Hypertrophic
Cardiomyopathy: Is it a Conundrum
for Gated SPECT MPI?
M. U. Zaman, N. Fatima1, I. Danish2,
A. Samad2
Department of Radiology, Nuclear Medicine Section, Aga
Khan University Hospital (AKUH), Karachi, 1Department
of Nuclear Medicine, Kiran, 2Invasive Cardiology, KIHD,
Karachi, Pakistan
Apical hypertrophic cardiomyopathy (AHCM) is
common in Japanese and Chinese populations but
uncommon in western population and in IndoPak
subcontinent. AHCM patients tend to have milder
symptoms; however, in up to one-third cases, myocardial
infarction, left ventricular aneurysm formation, atrial
and ventricular arrhythmias, and strokes may develop.
Echocardiography and cardiac Magnetic resonance
imaging (MRI) are the good modalities for diagnosis.
Gated Single-photon emission computed tomography
(GSPECT) myocardial perfusion imaging is a good
alternative for diagnosis due to well-defined scan
148

patterns in AHC. A case of AHCM is presented in
whom SPECT MPI revealed classical scan patterns with
a reversible perfusion defect over apex and inferolateral
wall. Subsequent angiogram revealed normal coronaries.
P-048

A Normal Gated SPECT MPI:
Stress-only vs Stress-rest Protocol:
Time for Paradigm Shift
M. U. Zaman, N. Fatima1, A. Samad2,
M. Ishaq2, S. Z. Rasheed3
Department of Radiology, Nuclear Medicine Section, Aga
Khan University Hospital, Karachi, 1Department of Nuclear
Medicine, Kiran, Pakistan, 2Invasive Cardiology, KIHD,
Karachi, 3Non- Invasive Cardiology, KIHD, Karachi,
Pakistan
Objective: Compare the prognostic value of normal
stress-only and rest-stress Myocardial perfusion imaging
(MPI).
Patients and Methods: This is a prospective study
conducted at Nuclear Cardiology Department of Karachi
Institute of Heart Diseases (KIHD) from December 2008
till May 2009. A rest-stress (same day) protocol was used
in all patients but patients with lower pre-test probability
for coronary artery disease (CAD) in which stress
(stress-only if MPI is normal) followed by a resting study
(same day) if stress study is positive or equivocal. A
board certi ed nuclear cardiologist decided the protocol.
A dual head dedicated (Cardio MD, Philips) camera
was used to acquire data. These patients/families were
questioned on telephone regarding fatal or non-fatal
myocardial infarction at 12-18 month.
Results: Study included 265 patients (104 males and
161 females, mean age of 52–10 years) having a normal
Gated Single-photon emission computed tomography
(GSPECT) studies (normal left ventricular (LV) perfusion
and function parameters). The stress-only cohort
included 47 patients (13 males and 34 females, mean age
of 51–08 years), while rest-stress cohort had 218 patients
(91 males and 127 females, mean age of 50–10 years). On
follow up (12–18 months, mean 15–3.4), only one death
was reported among 265 patients (in rest-stress group
due to fatal myocardial infarction). Negative predictive
value (NPV) for stress-only cohort was 100% while it
was 99.5% for stress-rest cohort (P 0.382).
Conclusion: We conclude that a normal stress-only
GSPECT MPI has an excellent and comparable
short-term prognosis with a normal rest-stress study.
We recommend using this protocol as routine in low risk
patients to save time, reduce cost, and avoid signi cant
radiation exposure.
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P-049

Negative Predictive Value of a
Normal Gated Myocardial Perfusion
SPECT Study: Is it Gender Biased?
M. U. Zaman, N. Fatima1, A. Samad2,
M. Ishaq2, S. Z. Rasheed3
Department of Radiology, Nuclear Medicine Section,
Aga Khan University Hospital, Karachi, 1Department of
Nuclear Medicine, Kiran, 2Invasive Cardiology, KIHD,
3
Non- Invasive Cardiology, KIHD, Karachi, Pakistan
Aims and Objective: A normal gated myocardial
perfusion imaging (GMPI) has been found to have
high diagnostic and negative predictive value (NPV) in
western population. The goal of the present study was to
evaluate the overall and gender-based NPV of a normal
GMPI in local population.
Patients and Methods: This is a prospective study
conducted at Nuclear Cardiology Department of
Karachi Institute of Heart Diseases (KIHD), Karachi
from December 2008 till May 2009. All patients (with
intermediate risk) with a normal GMPI with adequate
dynamic or dipyridamole stress were included and
followed up for 18 months (mean 15 r 3 months) for
fatal or non-fatal infarctions.
Results: The mean ejection fraction (EF) of studied
population was 69r8% while mean end diastolic (EDV)
and end systolic volume (ESV) were 71r19 and 22r11
ml, respectively. In studied female cohort, the mean EF
(%), EDV (ml), and ESV (ml) were 71r08, 64r15, and
19r09, respectively. In studied male cohort, the mean
EF (%), EDV (ml) and ESV (ml) were 66r06, 82r18,
and 27r11, respectively. At 18 months follow-up, one
fatal (male patient) and one non-fatal MI (male patient)
were reported. The overall NPV was 99.4% over 18
months follow-up with an event rate of 0.6% (95% CI
0.03–1.16%) and annualized event rate of 0.3%. The NPV
and annualized event in subgroup analyses, was similar
for female and male (P 0.213).
Conclusion: We conclude that a normal GMPI with
adequate stress in our population has high NPVs for
major cardiac events as in western population. In
addition, the prognostic utility of GMPI is similar for
both men and women.
P-050

Incremental Prognostic Value of
Gated SPECT Myocardial Perfusion
Scans with Dipyridamole Stress in
Patients with Left Bundle Branch
Block

N. Fatima1, 2, M. U. Zaman1, 3, M. Ishaq1,
R. Omar1, S. Y. Ali1, Z. Rasheed1, D. J. Baloch1,
J. Bano1, A. Wali1, K. Rehman1, 2
1

Department of Nuclear Cardiology, Karachi Institute of
Heart Diseases, 2Karachi Institute of Radiotherapy And
Nuclear Medicine, 3Department of Radiology, The Aga
Khan University Hospital (AKUH),
Karachi, Pakistan
Objective: Gated single photon emission computerized
tomography (GSPECT) myocardial perfusion imaging
(MPI) has well validated incremental prognostic value.
The aim of this study was to nd out the prognostic value
of abnormal dipyriodamole GSPECT MPI in patients
with left bundle branch block (LBBB).
Materials and Methods: This was a prospective study
conducted at Nuclear Cardiology Department of Karachi
Institute of Heart Diseases (KIHD), Karachi from August
2010 till February 2011. Total 345 patients (135 with LBBB
comprised Group A and 210 without LBBB comprised
Group B) with adequate dipyridamole GSPECT MPI
were included. These patients were followed-up for
18-24 months (mean 20r3 months) for fatal or non-fatal
infarctions (MI).
Results: GSPECT scans were positive for abnormal in
47/135 (35%) in Group A and in 90/210 (43%) in Group
B patients (non-signi cant P values). However, xed
perfusion defects were signi cantly higher in Group A
(27%) than Group B (15%), while reversible defects
were signi cantly higher in Group B (28%) than Group
A (08%). Similarly, incidence of transient ischemic
dilatation (TID) was signi cantly higher in Group B
(16%) than Group A (02%). Mean sum stress score
(SSS) was higher in Group A (6r5) while mean sum
difference score (SDS) was higher in Group B (4r2). Left
ventricular ejection fraction (LVEF) was signi cantly
lower in Group A (42r16) than Group B (58r8) with
significantly higher end diastolic and end systolic
volumes (EDV, ESV) in Group A. At 18-24 months follow
up, 09 (4.3%) non-fatal events were reported in Group
B while in Group A it was 04 (2.9%, non-signi cant P
values). Total eight (5.90%) fatal MIs were reported, all
in Group A and none in Group B (signi cant P values).
Kaplan Meier survival plot for non-fatal MI shows a
similar event free survival in both groups with a Log
Rank value 0.217 (non-signi cant P value). Kaplan Meier
survival plot for fatal MI show signi cantly low event
free survival for patients with LBBB (Group A) with a
Log Rank value 10.552 (signi cant P value).
Conclusions: We conclude that dipyridamole GSPECT
MPI provides important prognostic information in
patients with LBBB. LBBB group had lower LVEF, which
was a strong predictor of cardiac deaths while perfusion
parameters were predictors of non-fatal MIs in patients
with or without LBBB.
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P-051

Potential Role of FDG PET/CT in
the Diagnosis and Management of
Infective Endocarditis
B. T. Kung, T. K. Auyong, C. M. Tong
Nuclear Medicine Unit, Queen Elizabeth Hospital, Hong
Kong, China
Objectives: The purpose of this case report was to
explore the potential role of uorodeoxyglucose positron
emission tomography computed tomography (FDG
PET/CT) in the diagnosis and management of infective
endocarditis. Introductions: Compared with traditional
nuclear medicine techniques, PET/CT has higher spatial
resolution with better anatomical localization. We report
two cases of infective endocarditis with focal F-18 FDG
accumulation in the heart.
Case report: Case 1: An elderly man presented
with fever, chills, and rigors. Blood culture showed
massive growth of Gram-positive cocci (Streptococcus
dysgalactiae subsp. Equisimilis). Echocardiogram
showed no evidence of infective endocarditis. PET/CT
showed focal FDG uptake at the region of aortic root,
suggestive of infective focus. Case 2: An elderly woman
presented with congestive heart failure and fever. She
had known history of mitral valve replacement (MVR)
in 1996 and atrial brillation (AF). Blood culture was
negative. Transesophageal echocardiography (TEE)
showed infective endocarditis of mitral prosthesis.
Intravenous antibiotic treatment was implemented.
She suffered from on and off fever despite antibiotic
treatment. PET/CT showed a FDG avid focus between
the aortic root and the entrance of superior vena cava,
with SUVmax up to 4.1 in the 1-hour and SUVmax up to 4.9
in the delayed images respectively. Residual infection
was highly suspected.
Conclusions: FDG PET/CT may play a complementary
role in the diagnosis of infective endocarditis and
assessing its treatment response. Larger series of studies
are required to delineate its exact role in infective
endocarditis.
P-052

FDG PET/CT in the Preoperative
Staging of Newly Diagnosed Breast
Cancer
K. K. Karuppusamy, A. S. Shinto
Department of Nuclear Medicine, Kovai Medical Centre and
Hospital, India
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Objectives: To determine the efficacy of
18F-Fluorodeoxyglucose positron emission tomography/
computed tomography (FDG -PET/CT) in detecting the
primary tumor, lymph node and distant metastasis and
assess the impact of this technique in cancer staging in
the newly diagnosed breast cancer.
Materials and Methods: Fifty consecutive patients
(45r10 yrs) with biopsy proven primary breast cancer
who were examined by FDG PET were enrolled in this
prospective staging study. Whole body PET images were
obtained approximately 60 minute after the intravenous
administration of FDG. Visual assessment and the
maximum standardized uptake value (SUVmax) of breast
lesions for semi-quantitative analysis were obtained. The
results were compared with the histopathological results.
Results: For the Tumor, Nodes, Metastases (TNM)
staging, 50 were considered eligible based on the criteria,
which were established for this analysis. Signi cant
differences were noted in SUVmax of lesions according
to the primary tumor staging. PET imaging revealed
pathologic FDG uptake in 50% of patients with axillary
lymph node metastases (25 of 50 patients). Patients with
axillary nodal metastasis showed metastasis in liver (10),
lung (15), bone (18), brain (1), and abdominal lymph
nodes (2). Detection of metastatic lesions revealed by
PET/CT scan in 25 of 50 patients resulted in a signi cant
change in the TNM stage. The results revealed that FDG
PET upgraded TNM stage in 50% (25/50) of patients and
40% (20/50) of patients were diagnosed as having one
or more distant metastases.
Conclusions: FDG PET was able to identify extra-axillary
nodal and distant metastatic lesions in the newly
diagnosed patients with breast cancer and, therefore,
PET may alter to the staging and therapy managements
of newly diagnosed breast cancer patients.
P-053

Use of Scenium Software Analysis
LQ3(7%UDLQ6WXGLHVIRU&RQÀGHQW
Diagnosis
K. K. Karuppusamy, A. S. Shinto,
E. R. Radhakrishnan, J. Antony, D. K. Shibu,
K. Vyshakh
Department of Nuclear Medicine, KMCH, Koimbator,
Kerala, India
Introduction: [18-F] uorodeoxyglucose (FDG) Positron
Emission Tomography (PET) is extensively utilized
in several clinical situations as a marker of glucose
metabolism. In neurology, uptake of glucose in the
brain has been correlated to the brain metabolic
activity. Scenium is a software solution, which provides
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a straightforward and easy-to-use framework for
statistical analysis of FDG PET brain studies in a clinical
environment. It compares a patient scan to a prede ned
reference database, calculating a statistical Z-score on
a voxel by voxel basis. Here, we present the classical
diagnosis made in neurology and psychiatry with
con dence using scenium software in our center.
Materials and Methods: Sixty patients who underwent
18-F FDG PET/CT brain scan were evaluated using
scenium software analysis. Patients were referred for
diagnosis of seizures, dementia, movement disorders,
depression, psychosis, schizophrenia, and mood
disorders. Initially, they were evaluated using visual
analysis and compared with scenium software. Scenium
software provides clear-cut pathological hypo or hyper
metabolic lesions in the brain and help in exactly
con rming diagnosis of types of dementia, parkinson
disorders and psychiatry disorders.
Result: Out of 60 cases, 52 (86.6%) showed good
correlation between visual interpretation and Secnium
software evaluation. In remaining eight cases (13.4%),
Secnium showed better compared to visual interpretation
of the pathology.
Conclusion: Scenium is a tool that assists physicians in
the interpretation of brain FDG PET scans. It transforms
the brain study to t a constant reference brain so that
statistical deviations from a reference range of expected
normality can be highlighted. A diagnosis should only
be made in the context of all clinical information and
ancillary investigations, and never in isolation. Despite
these caveats, Scenium enhances visual interpretation
and provides clinicians with means by which they can
objectively compare their brain PET studies against a
reference range, a powerful tool that allows a diagnosis
to be made with greater con dence.
P-054

Incremental Value of LVEF Reserve
Obtained during Dipyridamole
Thallium-201 Myocardial Perfusion
Scintigraphy in Predicting Severe
Coronary Artery Disease

involvement) due to global balanced ischemia and the
relative nature of perfusion defect analysis.
Aim: The aim of the study was to evaluate the incremental
value of left ventricular ejection fraction (LVEF) reserve
in predicting severe CAD.
Materials and Methods: A retrospective cross-sectional
study of 62 consecutive patients with normal or abnormal
scintigraphy who underwent thallium-201 dipyridamole
myocardial perfusion scan with coronary angiogram
done within 6 months of the perfusion study, with
no intervening cardiac event. Magnitude of perfusion
abnormality was calculated using a 17-segment
model and a 5-point scoring system. LVEF reserve
was computed as stress LVEF minus rest LVEF, or the
absolute percent difference in the ejection fraction.
Results: On receiver-operating characteristics (ROC)
curve analysis, summed stress score (SSS) of greater
than or equal to eight was the optimal cut-point with
area under the curve (AUC) of 0.7 to detect severe CAD.
This threshold had sensitivity and speci city of 75% and
63%, respectively (N 0.3850.126, P 0.001). While for
LVEF reserve, on ROC curve analysis, the best cut-point
in predicting severe CAD was less than 5% (AUC of
0.6). The validity of LVEF reserve  5% in predicting
severe disease was lower compared to SSS ! 8 with
sensitivity and speci city of 63% and 50%, respectively
(N 0.1250.126, P 1.61). To enhance diagnostic utility
of SSS!8, we evaluated it together with an LVEF reserve
5% and either SSS!8 or LVEF reserve5% (LVEF
reserveSSS!8)[(SSS!8) or (LVEF reserve5%)]
in predicting severe CAD. The sensitivity improved to
91% with its negative predictive value increased from
70% to 77% compared with SSS!8 alone.
Conclusion: LVEF reserve of  5% increased the
sensitivity of myocardial perfusion scintigraphy in
detecting severe CAD compared to the magnitude of
perfusion abnormality alone.
P-055

68Ga-DOTATATE PET/CT: A Promising
Diagnostic Tool for Liver Metastases
of Neuroendocrine Tumors of
Unknown Origin

B. Tumapon, J. Obaldo
Nuclear Medicine Division, Philippine Heart Center,
Philippines
The magnitude of perfusion abnormality on myocardial
perfusion Single-photon emission computed tomography
(SPECT) as measured by summed stress score (SSS) has
suboptimal sensitivity in detecting severe coronary
artery disease (CAD). SSS alone tends to underestimate
severe CAD (presence of 3-vessel disease or left main

T. H. Tan, S. Z. Amir Hassan, B. N. Lee
Department of Nuclear Medicine, Hospital Putrajaya,
Malaysia.
Introduction: A multimodality approach comprised
of radiological imaging, nuclear medicine imaging,
endoscopy, and exploratory surgery is required to
evaluate liver metastases of neuroendocrine tumors
(NETs) of unknown origin. 68Ga-DOTATATE Positron
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emission tomography-computed tomography (PET/CT)
is a promising diagnostic tool in such evaluation.
Objectives: To evaluate the diagnostic value of
68Ga-DOTATATE PET/CT in determining the primary
of liver metastases of NETs of unknown origin.
Methodology: Six patients (M: F 5:1, age range 28–56
yrs) with histologically proven liver metastases of NETs
whereby the initial CTs were inconclusive for the primary
were retrospectively analyzed. 68Ga-DOTATATE
PET/CT was performed as a part of the subsequent
multimodality evaluation. Comprehensive evaluation
including comparative imaging and follow-ups was
used to validate the diagnostic use of 68Ga-DOTATATE
PET/CT.
Results: Three patients had liver metastases of NETs of
unknown origin on the initial CTs, whereby the primaries
were demonstrated by 68Ga-DOTATATE PET/CT.
Additional metastases other than liver metastases
were also detected in two patients. Another three
patients had ambiguous primaries on the initial CTs;
68Ga-DOTATATE PET/CT con rmed those primaries
in two patients whereas excluded such a primary in
one patient. The exclusion of the latter was validated
by a negative histopathological examination. In total,
68Ga-DOTATATE PET/CT identified the primary
tumors in 5/6 (83.3%) patients: Pancreas (n  4) and
stomach (n 1). Change of management was observed
in 3/6 (50%) patients.
Conclusion: In our small series, 68Ga-DOTATATE
PET/CT has high diagnostic value in determining the
primary of liver metastases of neuroendocrine tumors
in a multimodality approach.
P-056

Imaging Following Yttrium-90
Radioembolization: Making the
Challenge Easier

P-057

Role of 18F-FDG PET/CT in
Monitoring Response to Targeted
Therapy in Patients with Metastatic
Adenocarcinoma of Lung: RECIST
versus Metabolic Criteria
Ameya D. Puranik, Nilendu C. Purandare,
Archi Agrawal, Sneha Shah,
Venkatesh Rangarajan

P. Singh, G. Anil, B. W. L. Ang
Department of Diagnostic Radiology, National University
Hospital, Singapore
Objectives: Brief pictorial review of 1. Multimodality
imaging findings following Yttrium-90 (Y90)
radioembolization for hepatic malignancy, 2. Imaging
features that differentiate response to therapy from other
benign/reactive ndings, 3. Commonly encountered
complications, seen following Y90 radioembolization.
Background: Radioembolization with yttrium
90 (Y90) microspheres is an increasingly popular
transarterial therapy for both primary and secondary
liver malignancies. Post therapy follow-up may be
performed with computed tomography (CT), Magnetic
152

resonance imaging (MRI) and/or Positron emission
tomography-computed tomography (PET-CT). As
Y90 radioembolization delivers both beta-particle
brachytherapy and embolisation of tumor vasculature, it
produces biological sequelae and imaging characteristics
distinct from the other known intra-arterial treatment
modalities. This makes the interpretation of post therapy
images more challenging for the radiologist.
Imaging Findings: In keeping with the traditional
wisdom, reduction in tumor volume represents
response to treatment. However, it is more important
to appropriately interpret the other ndings such as
necrosis, reduced or lack of enhancement and certain
specific findings encountered on MRI and PET-CT.
Ring enhancement, perivascular edema, perihepatic
uid, and pleural effusions are some of the frequently
seen post therapy ndings that are often benign yet
are potential pitfalls in image interpretation. The
commonly encountered post therapy complications viz.
abscess, bilomas and cholecystitis need to be promptly
recognized.
Conclusion: Radiologists should be familiar with the
post Y90 radioembolization imaging features to interpret
the ef cacy of treatment appropriately, to decipher the
confounding imaging features and to identify the post
treatment complications.

Depeartment of Nuclear Medicine and Molecular Imaging,
Tata Memorial Hospital, Mumbai, Maharashtra, India
Objectives: The aim of targeted therapy is prolonging
survival in patients with advanced cancers. Targeted
agents alter the cellular metabolism, and response may
not always be indicated by reduction in size. The purpose
of the study was qualitative and quantitative evaluation
of tumor glucose metabolism pre and post therapy, and
head-to-head comparison between ndings of Positron
emission tomography-computed tomography (PET/CT)
and contrast enhanced Computed Tomography (CECT).
Materials and Methods: This study comprises 31
patients with metastatic adenocarcinoma of lung who
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tested positive for Epidermal Growth Factor Receptor
(EGFR). These patients received EGFR tyrosine kinase
inhibitor Geftinib orally. Prospective evaluation was
done by CECT and 18 F- uorodeoxy glucose (FDG PET
CT) studies acquired at the time of initiation of therapy
and 2 months post therapy. Both CECT and 18 F- FDG
PET CT images were analysed for target and non-target
lesions, size of lesions and maximum Standardized
Uptake Values (max SUV) were compared for the same
lesions on baseline and post therapy studies.
Results: Image ndings were analysed using RECIST 1.1
and metabolic criteria. Of the 31 cases, 12 patients had
progressive disease (PD), 10 patients had stable disease
(SD) and four patients had partial response (PR), based
on both RECIST and PERCIST criteria. However, there
was discordance in ndings of ve patients i.e., 16.1%
patients showed variable response on RECIST and
PERCIST. Three out of these ve patients showed SD on
RECIST and PR on PERCIST, while two patients showed
SD on RECIST and PD on PERCIST criteria.
Conclusion: Targeted therapy is aimed at arresting tumor
growth at cellular level. Hence, functional imaging by
PET CT provides a more de nitive evidence of response
to therapy and disease status, unlike conventional
anatomical imaging.
P-058

Abnormal Brain Uptake Findings
from F-18 FDG PET/CT Whole Body
Scan: A Descriptive Analysis
R. Gunawan1, B. Hidayat1, 2, R. Yudhistiro2,
B. Yudhistiro1, A. H. Kartamihardja1
1

Department of Nuclear Medicine, School of Medicine,
Universitas Padjadjaran/Hasan Sadikin General Hospital,
192 Pasirkaliki Street, Bandung, West Java, 14161,
2
PET and Nuclear Medicine Center, Mochtar Riady
Comprehensive Cancer Center Siloam Hospital, Semanggi,
Jakarta, Indonesia
Objectives: The purpose of our study was to describe
the abnormal brain uptake ndings from whole body

Fluorine-18 fluorodeoxyglucose positron emission
tomography-computed tomography (18F-FDG PET/
CT) studies.
Materials and Methods: Retrospective review was
conducted on consecutive 18F-FDG PET/CT whole
body scan for various indications since April 2011 until
September 2012. A total of 833 18F-FDG PET/CT scan
results were reviewed. Analysis of abnormalities was
based on visual by comparing it to the surrounding
normal tissues and divided into three categories: High,
low, and equal uptake. CT was used to localize the lesions.
Results: In our study, most cases were referred for
oncological indication. Abnormal findings of brain
uptake were detected in 35/833 FDG scan (0.39%) with 22
lesions of high uptake, 11 lesions of low uptake, and two
lesions of equal uptake. From 22 cases of high uptake,
nine ndings showed central necrosis with oedema in its
surrounding area; three ndings showed intracerebral
mass and the others with no suspicious ndings in CT.
From 11 cases of low uptake ndings, ve ndings
showed hipodense area in CT, one finding showed
suggestive cyst formation, one nding gliotic scar, one
edem, and the others with no suspicious ndings in CT.
From two equal uptake scan, one patient with history of
craniotomy and another with history of multipel space
occupying lesions (SOL).
Conclusion: Regardless of the very low incidence of
abnormal brain uptake nding (0.39%), we should keep
in mind about the pattern of abnormal brain uptake
found in whole body 18F-FDG PET/CT scan.
P-058A

Current Status of Imaging Diagnostic
Services in Government Hospitals of
Mongolia
S. Erdenechimeg, P. Tugsjargal,
D. Munkhbaatar, Ts. Erdembileg,
D. Tuvshinjargal
Department of Radiology, School of Medicine, HSUM and
Department of Imaging Diagnostics, State Central Hospital,
Ulaanbaatar, Mongolia
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Diagnostic Radiology and Radiation
Oncology Presentations
A. Abstracts of Invited Lectures
S-033

Whole-Body DWI Imaging in Pediatric
Tumor
Marielle V. Fortier
Department of Diagnostic and Interventional Imaging, KK
Women’s and Children’s Hospital, Singapore
S-034

Cancers of the uterine corpus and cervix are the most
common gynecological malignancies worldwide. MRI
is superior to computerized tomography (CT) in the
loco-regional staging of these cancers, and contributes
significantly toward accurate staging and disease
management. MRI is also used as a problem-solving tool
in patients with an enlarged uterine or adnexal mass. In
these instances, MR appearances and pattern recognition
provide useful clues to the diagnostic radiologist.
The MRI strategies in various pelvic malignancies are
detailed, accompanied by patient examples. Newer
techniques such as diffusion-weighted imaging in pelvic
malignancies will also be discussed.
S-036

Imaging of the Facial Nerve

MR Spectroscopy of Pediatric Tumors

Tan Tiong Yong

Tang Phua Hwee

Department of Radiology, Changi General Hospital,
Singapore

Department of Diagnostic and Interventional Imaging, KK
Women’s and Children’s Hospital, Singapore
Magnetic resonance (MR) spectroscopy is a technique
that allows evaluation of metabolites in soft tissue. This
presentation will focus predominantly on its use in the
brain. The commonly found metabolites in the brain
would be N-acetyl-aspartate (NAA), creatinine and
choline, with myoinositol seen in young children. The
metabolite pro le seen is dependent on the type of tissue
being interrogated as well as the TE value used, and
varies with the age in children under 2 years of age. MR
spectroscopy can also detect abnormal metabolites such
as lactate. Choline level is raised when there is high cell
turnover such as during malignancy. A choline/NAA
ratio more than 2 is highly indicative of tumor. Use of
MR spectroscopy shows promise in helping radiologists
differentiate between benign and malignant masses.
There is also potential for follow-up of tumor response
post chemo- and radiotherapy. However, the technique
is currently limited to large soft tissue masses as the
minimum volume of tissue to be interrogated has to
exceed 1 cm3 for reliable data to be obtained.
S-035

MR Imaging in Gynecological Tumors
Teo Sze Yiun
Department of Diagnostic and Interventional Imaging, KK
Women’s and Children’s Hospital, Singapore
The role of magnetic resonance imaging (MRI) in
gynecologic oncology has evolved tremendously.
154

The facial nerve is a mixed motor, secretomotor and
special sensory nerve. It has a long and complex course.
The three nuclei of the facial nerve are in the ventrolateral
pontine tegmentum. After exiting the pontomedullary
junction, it traverses the cerebellopontine angle cistern,
enters the internal auditory canal, and then exits to enter
the temporal bone. It exits the temporal bone via the
stylomastoid foramen and enters the parotid gland where
it divides into ve branches. The extra-axial portion of the
facial nerve can be divided into cisternal, intracanalicular,
intratemporal and intraparotid components. Magnetic
resonance imaging (MRI) provides excellent delineation
of the extra-axial portion of the facial nerve, except for its
intraparotid component. The intratemporal component
is also well delineated by computerized tomographic
(CT) scan. A congenital variant of the facial nerve is
common, especially focal dehiscence of its canal wall,
in particular, in the tympanic segment. This might be
accompanied by nerve protrusion through the bony
defect. Severe protrusion can result in conductive hearing
loss, by impeding on the stapes. Severe nerve protrusion
would also complicate stapes surgery and placement of
prosthesis. The anomalous course of the tympanic portion
could complicate cochlear implant. Lower motor facial
nerve palsy can be caused by lesions affecting the facial
nerve, anywhere from its nuclei in the pontine tegmentum
to the intraparotid portion. The modality of choice in
imaging of lower motor facial nerve palsy would depend
on which component of the facial nerve is most likely to
be involved. MRI is the rst imaging modality of choice if
the lesion is most likely to involve the facial nerve nuclei,
cisternal and intracanalicular components. If the lesion is
most likely to involve the intratemporal component, both
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CT scan and MRI could be the rst modality of choice.
For trauma affecting the intratemporal component and
for delineation of the anatomical variants and anomalous
course of the facial nerve, CT scan is the rst modality of
choice. For intraparotid lesions, MRI is preferred to CT
scan. Causes of facial nerve palsy in the pons include
infarct, hemorrhage and tumor. Tumors (schwannoma
and meningioma) and in ammation (from viral and
bacteria infection) are the more common lesions affecting
the cisternal component. The intratemporal component
can be affected by in ammation (in particular, Bell’s
palsy), severe infection in the middle ear, cholesteatoma,
tumors (schwannoma and hemangioma) and also by
trauma. Malignant neoplasm of the parotid gland can
cause facial nerve palsy by invading the intraparotid
component of the facial nerve. This also provides an
avenue for perineural spread to the proximal components
of the facial nerve. Malignant otitis externa can cause
facial nerve palsy by involvement of the facial nerve at
the stylomastoid foramen.
S-037

Imaging of Nasopharyngeal
Carcinoma
Eric Ting
Department of Diagnostic Imaging, National University
Hospital, Singapore
Nasopharyngeal carcinoma is endemic in parts of
Southern China and is one of the most common cancers
affecting Singaporeans. This presentation will give
an overview of nasopharyngeal carcinoma, including
the background of the disease in the local context, an
anatomical and histological overview of the nasopharynx
and nasopharyngeal carcinoma, and the role of a
radiologist in clinical staging and management of the
disease.
S-038

Cervical Neural Structures: Imaging
Anatomy and Pathologies
Jeong Hyun Lee
Department of Radiology, University of Ulsan College of
Medicine, Asan Medical Center, Seoul, Korea
There are numerous neural structures in the neck,
which exit from or enter the skull base or cervical neural
foramens of the spinal column, including cranial nerves
X and XI, the cervical sympathetic trunk, the cervical
and brachial plexus and the phrenic nerve. Most of the

nerves take a long course along the tissue plane in the
neck, which often makes it dif cult to image the entire
course using imaging modalities. Pathologies of the
neural structures can produce unique clinical features
and abnormal imaging findings from pathologies
themselves and the results of neural dysfunction.
Therefore, it is important to know the anatomy, optimal
imaging strategies and clinical features of neural
dysfunction for appropriate interpretation of cervical
neural pathologies. In addition, the exact anatomical
knowledge is crucial in planning ablative treatment for
variable benign or malignant diseases of the neck. In
this session, I would like to present the normal imaging
anatomy and common pathologies of cervical neural
structures on cross-sectional imaging modalities, with
special attention to optimal imaging strategies according
to clinical manifestation.
S-039

Detection of Metastatic Lymph
Nodes from Differentiated Thyroid
Cancer on Ultrasound and CT
Jeong Hyun Lee
Department of Radiology, University of Ulsan College of
Medicine, Asan Medical Center, Seoul, Korea
Regional lymph node metastases are present at the
time of diagnosis in 20–90% of patients, with papillary
carcinoma and a lesser proportion of patients with
other histotypes. Although papillary thyroid carcinoma
(PTC) lymph node metastases are reported by some to
have no clinical impact on outcome in low-risk patients,
a study of the Surveillance, Epidemiology, and End
Results (SEER) database found, among 9904 patients
with PTC, that lymph node metastases, age!45 years,
distant metastasis and large tumor size signi cantly
predicted poor outcome on multivariate analysis. Also,
the risk of regional recurrence is higher in patients
with lymph node metastases, especially in patients
with multiple metastases and/or extracapsular nodal
extension. Increase in the use of imaging modalities
such as ultrasound (US), computerized tomography
(CT) and 18-F FDG PET (18F-fluorodeoxyglucose
positron-emission tomography) has made it possible to
detect very small volume, persistent and/or recurrent
disease, emphasizing the need to de ne the appropriate
extent of surgery necessary to optimize regional control.
In this session, I would like to present the recommended
surgical strategies, related anatomy and terminologies,
and characteristic imaging ndings and their accuracies
on US and CT in patients with cervical lymph node
metastasis from differentiated thyroid cancer (DTC).
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S-040

Changing Paradigm Treatment for
Neuroendocrine Tumors
D. Lim Hwee Yong
Department of Medical Oncology, National Cancer Centre
Singapore, Singapore
S-041

Renal Artery Embolization for Renal
Cell Carcinoma
Tan Kong Teng
Joint Department of Medical Imaging, Division of Vascular
and Interventional Radiology, University Health Network,
Toronto, Canada
Renal artery embolization was introduced to facilitate the
surgical excision of renal cell carcinoma (RCC) 40 years
ago. Since then, various techniques and embolic materials
have been described. The objectives of this presentation
are: 1. Current indications for renal artery embolization
in RCC; 2. Technical aspects for embolization; and 3.
Management of post-embolization events.
S-042

Department of Clinical and Interventional Radiology,
Institute of Oncology, St James’s University Hospital, Leeds
Teaching Hospital Trust, UK
This lecture aims to provide an overview of renal cell
carcinoma (RCC) and insights into its rapidly evolving
treatment – Image-Guided Ablative (IGA) therapy.
RCC is the commonest kidney cancer and its detection
is increasing due to wider usage of radiology and
is also related to increased incidence in the general
population. Incidentally detected RCCs are smaller
and at an earlier stage, and will grow gradually over
a period of time. Therefore, there remains a clinical
risk with adopting a ‘watchful waiting’ approach
for younger patients. The current consensus is
that RCC (< 4 cm), should be treated by minimally
invasive techniques in order to preserve renal
function. Nephron sparing surgery (NSS) with either
laparoscopic/open partial nephrectomy is advised
whenever it is deemed technically possible. The NSS
approach has demonstrated similar recurrence-free
and long-term survival outcomes as those with radical
nephrectomy, but NSS is technically challenging
and associated with significant morbidity. Given
the surgical constraints, IGA treatment of smaller
RCC with radiofrequency ablation, cryoablation and
microwave has evolved rapidly over the last decade.
Today, IGA of RCC has proven to be a safe and effective
treatment option, and good oncological outcome
data are emerging for radiofrequency ablation and
cryoablation.

Portal Vein Embolization for
Hepatocellular Carcinoma

S-044

Tan Kong Teng

SIRT – Australia/New Zealand
Experience

Joint Department of Medical Imaging, Division of Vascular
and Interventional Radiology, University Health Network,
Toronto, Canada
Inadequate liver function is a serious complication
following hepatic resection. Portal vein embolization
(PVE) is performed to induce hypertrophy of the future
liver remnant in order to minimize this complication. The
objectives of this presentation are: 1. The basic principle
of PVE; 2. Current indications of PVE; 3. Technical
considerations; and 4. Outcomes of PVE.
S-043

Image-Guided Ablative Therapy of
Renal Cell Carcinoma: Past, Present
and Future
Tze Min Wah
156

Gabriel Lau
New Zealand
Y90 is a locally directed therapy that utilizes
the unique dual blood supply of the liver. It is
used in the management of liver-dominant or
liver-only primary or secondary liver tumors. For
each patient the appropriateness of SIRT is governed
by well-established and accepted parameters for
liver reserve and vascular access. Treatment work-up
includes angiographic evaluation of the arterial
supply to the liver. At the time of angiography,
technetium-99m macroaggregated albumin is injected
to measure the hepatopulmonary shunt, and is also
used to calculate the dose of radiation to the tumor
and non-tumoral tissue. Eligible patients are then
brought back for the treatment procedure. SIRT is used
in a continuum of care, and is also used in a number
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of trials internationally. The current roles of usage in
Australia and New Zealand will be outlined.
S-045

The Role of Radiology in
Image-Guided Ablative Therapy of
Renal Cell Carcinoma
Tze Min Wah
Department of Clinical and Interventional Radiology,
Institute of Oncology, St James’s University Hospital, Leeds
Teaching Hospital Trust, UK
This lecture will provide an overview of the role of
radiology in the pre-treatment planning, intra-procedural
monitoring and follow-up of renal cell carcinoma (RCC)
post Image-Guided Ablative (IGA) therapy; illustrate
typical post-treatment radiology ndings; and discuss
the pearls and pitfalls of early detection of residual/
recurrent disease. Baseline radiology allows IRs to
plan treatment and approach depending on tumor
factors, for example, size, location and proximity to
adjacent vital structures. Intra-procedural monitoring
with multi-planar reformatting is important to ensure
adequate and safe treatment margins. RCCs are
vascular tumors exhibiting variable enhancement
depending on the vascularity of the tumor. Post IGA,
the tumor would be left in situ as ‘dead’ tumor, and
assessment of treatment effect is crucial to allow early
detection of residual/recurrent disease. Treatment
ef cacy is assessed by contrast-enhanced computerized
tomography/magnetic resonance imaging (CT/MRI).
Lack of contrast enhancement in the zone of ablation
is usually interpreted as ‘tumor’ death, but this usually
exhibits some enhancement, which can pose a clinical
dilemma. Increasingly quantitative assessment using
perfusion measurement with both unenhanced and
contrast-enhanced MRI has been explored, which
potentially allows intra-procedural and post-procedural
monitoring of treatment effect. This may assist early
diagnosis of residual disease and prompt re-intervention
if clinically indicated.
S-046

Radio-embolization: IR Challenges:
A Local Perspective
Peter Goh Yu-Tang
Senior Consultant and Clinical Director, Vascular and
Interventional Radiologist, Department of Radiology, Mount
Elizabeth Hospital, Singapore

Radio-embolization is performed by intra-arterial
infusion of microspheres laced with a Yttrium-90
radioisotope. It is being incorporated into the
vast armamentarium of treatment options for
hepatocellular carcinoma. In Western countries, this
treatment modality is more often used for colorectal
metastasis, whereas in our part of the world, the
majority of cases requiring radio-embolization are
primary hepatocellular cancers. The established
treatment modalities for hepatomas are transarterial
chemo-embolization, radio-frequency ablation,
surgery and transplantation. However, use of
radio-embolization is being established in treatment
algorithms. The procedure requires precise
angiographic techniques with scrupulous attention to
anatomical variants of the arterial supply to the liver.
Non-target embolization is the main complication of
radio-embolization, more often than not because of
unidenti ed extra-hepatic branches of the hepatic
artery, which supply the stomach and duodenum. This
results in radiation gastritis or radiation duodenitis,
which can be extremely debilitating. The results of
radio-embolization are extremely encouraging, but an
interventional radiologist must be well aware of the
potential complications. Fastidious angiographic and
embolization techniques are of paramount importance
to ensure a safe and efficacious outcome. Use of
high-end imaging, including a full interventional
suite with combined angiographic and computerized
tomographic (CT) imaging, would be ideal, as well as
close interaction with our nuclear medicine colleagues.
S-047

Ovarian Cancer: Is Early Diagnosis
Possible by Sonography?
Deepak G. Bedi
Department of Diagnostic Radiology, The University of
Texas MD Anderson Cancer Center, Houston, USA
Although not as common as other gynecologic cancers,
ovarian cancer has a dismal 5-year survival of 15–20%,
principally due to late presentation in approximately
70% of patients, resulting from vague symptomatology.
Survival increases to 90% if ovarian cancer is diagnosed
in early stages. Ultrasound, coupled with CA-125 serum
markers, has the potential to diagnose ovarian cancer
early, although screening programs are impractical due
to the low incidence of this malignancy. High-grade
serous cystadenocarcinoma of the ovaries is typically
sonographically complex, with large cystic areas and
fungating vascular mural nodules, when diagnosed at
an advanced appearance. While early appearance of
such cancers is unknown, much expense is devoted to
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the follow-up of relatively simple cysts, using criteria
such as size or cysts with apparent septations. Unilocular
simple-appearing cysts did not develop into high-grade
serous cancers in our patients, although these may
represent benign ovarian cystadenomata or may develop
into low-malignant potential (LMP) serous tumors. In our
experience with over 5000 women at average and high risk,
over the last 10 years in systematic screening studies, very
early ovarian cancers are relatively solid heterogeneous
ovaries with abnormally increased vascularity. Although
these are relatively non-speci c sonographic ndings,
particularly in premenopausal women, these should
trigger a short-term follow-up, including utility of
three-dimensional (3D) ultrasound and contrast-enhanced
ultrasound (CEUS) when possible. Increased vascularity in
premenopausal patients should be evaluated judiciously,
documented and correlated to the presence of physiologic
cysts such as the corpus luteum to exclude malignancy.
Inappropriately increased central ovarian vascularity
should be viewed with suspicion in postmenopausal
women, with consideration for surgery when persistent
and without other explanation. In the future, quantitation
of vascularity with 3D/CEUS could be combined with
serial CA 125 values to detect ovarian cancer earlier.
S-048

Contrast-Enhanced Ultrasound of the
Abdomen – A Case Review
Albert Low
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
There is now increasing application of microbubble
ultrasound contrast agents in Singapore particularly
in the field of abdominal imaging. The aim of this
presentation is to showcase the added value of
contrast-enhanced ultrasound (CEUS) in the diagnosis
of pathology in various abdominal organs and to raise
the awareness of CEUS among radiology/sonography
trainees and specialists. A case-based format will be
used, correlating with other imaging modalities and/or
histopathology wherever possible.

Soft tissue tumors of the extremities and trunk are
traditionally imaged by magnetic resonance imaging
(MRI), an expensive modality when used repeatedly in
post-surgical surveillance for recurrence. Ultrasound (US)
is under-utilized and a relatively simple, cost-effective
means of demonstrating the characteristics of soft tissue
masses, performing US-guided ne-needle aspiration
(USFNA) and subsequently following up the scar
area for recurrence. US has a higher spatial resolution
than MRI, often demonstrating nodules less than 5
mm with exquisite anatomical detail, which may be
volume-averaged on MRI. Super cial palpable masses,
as well as others located up to a depth of 5–8 cm, are
well visualized by high-resolution US. When combined
with color Doppler (vascularity) and US elastography
(relative tissue hardness), sonography can be used in
decision making for the need of USFNA. For example,
the most common palpable soft tissue mass, a lipoma, is
relatively avascular and soft by elastography, requiring
no intervention. By contrast, the most common soft tissue
sarcomas and melanoma will show some vascularity
and relative stiffness on US elastography. Simultaneous
performance of USFNA provides a conclusive diagnosis,
without any delay or additional patient anxiety.
Post-surgical surveillance for recurrence by MRI has
the relative disadvantage of not recognizing relatively
small tumors and possibly not distinguishing a vascular
scar from recurrence. Recurrent tumor has a distinct
hypo-echoic sonographic texture, ovoid or round in
shape, quite different from that of a linear or irregular
post-operative scar. Any ambiguities are instantly
resolved by USFNA. US provides a suitable means of
follow-up in patients with metallic prostheses and can be
used in the operating room for tumor mapping, facilitating
accurate resection. Tumor volume measurements to
assess response to therapy are now possible with fast
three-dimensional (3D) volume imaging. When used
for focused anatomical surveillance, US provides an
inexpensive tool for soft tissue tumor characterization,
diagnosis and post-treatment management.
S-050

FY Khoo Lecture
David William Townsend

S-049

A*STAR-NUS Clinical Imaging Research Centre, Singapore

Soft Tissue Tumors: How to Use
Ultrasound in Diagnosis and
Management

S-051

Development of Radiology in
Myanmar

Deepak G. Bedi
Department of Diagnostic Radiology, The University of
Texas MD Anderson Cancer Center, Houston, USA
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Lin Tun Tun
Myanmar Radiological Society, Myanmar
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S-060

MRI of Prostate: Staging and Beyond
Kwek Jin Wei
Department of Oncologic Imaging, National Cancer Centre
Singapore, Singapore
S-061

CT Urography
Ng Chaan
Department of Diagnostic Radiology, The University of
Texas MD Anderson Cancer Center, Houston, USA
S-062

to conventional MR sequences. Images were qualitatively
evaluated by a neuroradiologist. Regions of interest
(ROIs) were drawn in the midbrain and basal ganglia
independently by two raters blinded to subject data.
Results: We demonstrated good inter-rater reliability in
the rating (ICC!0.80). There were statistically signi cant
differences for the putamen between the PD and PIGD
patients (p0.05) on multivariate logistical regression
analysis and to a lesser extent in the other basal ganglia
nuclei. Putaminal hypo-intensity correlated with clinical
gait scores (p0.05).
Conclusion: SWI values in the PIGD patients were lower
compared with those in the PD patients, suggesting that
they could be used as useful imaging biomarkers in the
evaluation of parkinsonian patients with gait problems.
O-009

Updates in Oncologic Imaging

Current Use of CT Colonography at a
Regional Center in Australia

Ng Chaan

J. Tronidjaja, S. Rajaratnam

Department of Diagnostic Radiology, The University of
Texas MD Anderson Cancer Center, Houston, USA

Department of Medical Imaging, John Hunter Hospital,
New Castle, Australia

B. Abstracts of Oral Presentations
O-008

Susceptibility-Weighted MRI in
Parkinsonian Disorders
L. L. Chan, E. C. Schneider, K. M. Ng,
H. Rumpe, E. K. Tan1
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore, 1Department of Neurology, National
Neuroscience Institute, Singapore
Purpose: Gait dysfunction associated with parkinsonism
can present in different clinical forms. We hypothesize
that iron deposition in various brain regions can be
different among the different parkinsonian disorders.
We investigated for differences in the different brain
structures on susceptibility-weighted imaging (SWI)
between two groups of parkinsonian patients (Parkinson’s
disease (PD) and gait disorder parkinsonism (PIGD)).
Materials and Methods: PD and PIGD patients were
diagnosed clinically and recruited from a Movements
Disorders Clinics by Movement Disorders neurologists.
All subjects gave informed consent and underwent
gait assessment using the Tinetti score and a magnetic
resonance imaging (MRI) brain study at 3 T. An SWI
sequence (TE/TR/FA 20/33/15) was acquired in addition

Objectives: Computerized tomographic (CT)
colonography has been considered an alternative for
colorectal cancer (CRC) screening; however, it still has not
been utilized as a rst-line tool for screening purposes.
We evaluated the performance of CT colonography used
in the area covered by Hunter New England Health.
Materials and Methods: A 3-year retrospective study
(2010–2012) was performed/conducted on all patients
who underwent CT colonography. All CT colonography
reports were reviewed. Colonic and extra-colonic
ndings were identi ed. Further investigations and
managements were assessed through a network
database and through direct correspondences with the
specialists.
Results: Out of 113 patients who underwent CT
colonography, 76% (76/113) had prior incomplete
colonoscopy, 26% (29/117) were un t/deemed to be
high-risk and 7% (8/113) were referred for surveillance/
low-risk purposes. A total of 23 patients (20%) had
colonic ndings (using the C-RADS reporting system)
and 16 patients (14%) had extra-colonic findings.
From the colonic ndings, 1 patient was categorized
as C4, 7 as C3 and 16 as C2. None of the C3 ndings
had a false positive whereas two of the C2 ndings
were false positives. The patient in the C4 category
underwent surgery. For the C3 and C2 patients, further
managements were either with immediate resection
through repeat colonoscopy or repeat CT/colonoscopy
over a 1-year period. Within the group of patients with
extra-colonic ndings, nine were categorized as E4 and
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seven were categorized as E3. These patients were then
investigated and managed as appropriate (ultrasound,
gastroscopy, etc).
Conclusion: We have been able to use CRC as a
complimentary tool in the management of colorectal
pathology. Our results are concordant with that of larger
studies done internationally (our false-positive rates are
very low). We highly recommend the use of CTC as an
alternative screening tool for colorectal diseases.
O-010

High- and Low-Grade Gliomas:
Differentiation Using Perfusion and
Proton Spectroscopic MR Imaging
C. L. Ho, H. Rumpel, P. Salkade, W. E. H. Lim
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
Objective: To investigate the utility of 3-T proton
magnetic resonance (MR) spectroscopy (MRS) and
perfusion-weighted imaging (PWI) in differentiating
high- and low-grade primary brain gliomas. The
performance of MRS spectra obtained at two different
TEs (30 and 136 ms) was compared.
Materials and Methods: We retrospectively reviewed
12 patients who underwent 3-T multivoxel MRS
and PWI studies performed at our Department of
Diagnostic Radiology for suspicious primary brain
glioma between April 2011 and October 2012. Multivoxel
Cho/Cr, Cho/NAA, Cho/myoinositol levels and
maximal peak area ratios were recorded at two different
TEs (30 and 135 ms). The relative cerebral blood
volume (rCBV) of the enhancing area of the lesions was
compared with the contralateral normal white matter.
Histopathology served as the gold reference standard.
Student’s t-test was used to determine if there was a
statistically signi cant difference in rCBV and metabolic
levels between the high- and low-grade gliomas.
Receiver operating characteristic curves for each MRS
parameter were compared.
Results: The histopathologically examined 12 lesions
were classi ed as high- (n  6) or low-grade (n  6)
gliomas in 7 women and 5 men, age between 31 and 63
years. Multivoxel peak heights of Cho/Cr (AUC 0.768;
P  0.03), Cho/MI (AUC 0.941; P  0.007), Cho/NAA
(AUC 0.756; P 0.04) and metabolite levels obtained at TE
30 showed separation between the high- and low-grade
gliomas; however, there was a signi cant overlap of
values between the two groups at TE 135. Therefore,
MRS parameters at the shorter TE of 30 (AUC 0.938, P 
0.008, sensitivity 100%, speci city 88%, PPV 67%, NPV
100%, accuracy 90%) outperformed MRS parameters at
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the longer TE of 136 (AUC 0.550, P 0.8, sensitivity
50%, speci city 60%, PPV 75%, NPV 50%, accuracy 53%).
In addition, there was a signi cant difference (p 0.018)
in mean rCBV (AUC 0.795, P  0.011, sensitivity 69%,
speci city 74%, PPV 83%, NPV 56%, accuracy 70%) in
the enhancing tumoral regions between the high- and
low-grade gliomas measuring 2.45r2.1 and 1.2r1.1,
respectively.
Conclusion: Although conventional MRI characteristics
of primary high- and low-grade gliomas may sometimes
be similar, PWI and 3-T multi-voxel MRS obtained
at a short TE outperformed those at a long TE in
distinguishing between the two groups of primary
gliomas.
O-011

A Comparison of the Accuracy
of Four Different Computed
Tomography Scan Diameter
Methods in Measuring the Volume
of Intracerebral Hemorrhage versus
Computer-Assisted Planimetric
Analysis
M. A. Almazar
Department of Radiology, De La Salle University Medical
Center, Philippines
Objectives: To determine the reproducibility and
accuracy of four diameter methods – (1) ABC/2
(Kothari’s); (2) ABC/3; (3) S/6ABC (Tada’s); and (4)
2/3Sh – when compared with Computer-Assisted
Planimetric Analysis (CAPA) in calculating
intracerebral hemorrhage (ICH) volume by computed
tomographic (CT) scan. Determine if the degree of
accuracy of each diameter method differs by shape
and size of ICH.
Materials and Methods: Cranial CT scans of 162 patients
with ICH, based on diagnosis by a radiologist on duty,
were included regardless of etiology, age and sex of
the patient. ICH volume, classi ed to size and shape,
measured using four diameter methods was compared
with CAPA by two readers. Intra- and inter-class
coefficients, percent median (error) deviation and
median test were determined to analyze the data.
Results: Intra- and inter-class coefficients between
the read volume estimates of ICH for each of the four
diameter methods were both 0.99. Overall percent
median deviation between the different diameter
methods and CAPA were -41.1% (ABC/2, Kothari’s),
-60.7% (ABC/3), 24.2% (2/3Sh) and -2.5% (S/6ABC,
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Tada’s). Median test of each diameter method when
calculating ICH volume based on size was Pd0 0.001
and P0.05, based on shape.
Conclusion: There was excellent intra-reader
reproducibility and inter-reader agreement for all four
diameter methods. S/6ABC (Tada’s) was found to be
most accurate in assessing volume of ICH followed
by 2/3Sh and ABC/2 (Kothari’s). ABC/3 was least
accurate. Degree of accuracy of each diameter method
in calculating volume of ICH differed by the size but
not shape of ICH.
O-012

Computed Tomography-Guided
Biopsies in Musculoskeletal Oncology
Jaspreet Singh Sangha Brar
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
Objectives: To ascertain the diagnostic accuracy of
computed tomography (CT)-guided biopsies for
musculoskeletal tumors.
Materials and Methods: A total 119 consecutive
CT-guided percutaneous biopsies for suspected bone and
soft tissue tumors were performed by musculoskeletal
radiologists at our institution from January 2009 to June
2012. Lesions that were easily accessible by ultrasound
were excluded.
Results: The youngest patient was 21 years and
the oldest patient 87 years, with a median age of 54
years. The number of male patients was 68 and that
of females was 58. Out of the 119 biopsies performed
(108 for bony lesions and 11 for soft tissue lesions),
87 cases were diagnostic and 32 cases non-diagnostic,
with only two cases having insuf cient sample. Most
of the diagnostic bone lesions were lytic, followed by
sclerotic and mixed lesions. Lytic lesions were most
commonly caused by metastasis. The sclerotic and
mixed lesions included lymphoma, avascular necrosis,
osteosarcoma, prostate metastasis and leukemia. The
soft tissue lesions included paravertebral lymphoma,
schwannoma and lipoma. Of the 32 non-diagnostic
cases, further confirmation was done by open
surgical biopsy, comparison with other modalities or
observation of clinical course. Subsequently all these
lesions were found to be benign, such as chronic,
nonspecific inflammatory lesion, bone island and
hemangioma. There was no complication.
Conclusion: CT-guided biopsy is a quick, accurate and
safe procedure for musculoskeletal tumors. Diagnostic
accuracy is high for malignant lesions and lower for
benign conditions.

O-013

Comparison of Recall Rate by
Combined (2D3D) Tomosynthesis
vs Only 2D Digital Mammography in
Mammography Screening: Our Initial
Experience
T. R. Shimpi, H. S. Teh, V. R. Baksa
Department of Diagnostic Radiology, Khoo Teck Puat
Hospital, Singapore
Objectives: Digital breast Tomosynthesis is a
combination of two- (2D) and three-dimensional (3D)
(COMBO) imaging in one single examination, taking
15 low-radiation dose images. This prospective study
aims to prove the bene ts of using COMBO in screening
programs for early detection of breast cancer against
screening only in 2D imaging. The method also offers
faster, more precise analysis of lesions without the need
of additional mammographic views, reducing patient
discomfort and anxiety.
Methods and Materials: With ethics committee
approval, 100 patients were evaluated using the COMBO
technique in screening the COMBO and 2D images were
read blindly by two radiologists. Recalls by 2D and
COMBO were compared.
Results: COMBO recalled total 10 patients out of 100
(10%), whereas 2D recall was 25 out of 100 (25%).
COMBO recall rate for masses was 3 out of 100 (3%),
whereas 2D mammogram for the same was 5 out of 100
(5%). COMBO recall rate for stromal distortion was 2
out of 100 (2%), whereas 2D mammogram for the same
was 5 out 100 (5%).
O-014

Diffusion Tensor Imaging in Gait
Disorder Parkinsonism
K. M. Ng, L. L. Chan, H. Rumpe, E. K. Tan1
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore, 1Department of Neurology, National
Neuroscience Institute, Singapore
Objective: The pathophysiology of postural instability
and gait disorder (PIGD) parkinsonism is unknown.
Utilizing a case–control methodology, we conducted
a Diffusion Tensor Imaging (DTI) study to determine
if there are differences in the neural network of the
motor system between PIGD parkinsonism and PD and
controls.
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Materials and Methods: We evaluated the fractional
anisotropy (FA) and apparent diffusion coefficient
(ADC) values on DTI in the extrapyramidal, pyramidal
and transcallosal tracts, with two-region tractography.
The FA and ADC values were tabulated and compared
between the different brain regions. A multivariate
analysis taking into account the various clinical variables
was also carried out. Correlations of the FA and ADC
values were correlated with the Tinetti scale (which
measures the degree of postural instability).
Results: We found greater ADC abnormalities in the
extrapyramidal, pyramidal and transcallosal motor
systems in PIGD compared with the controls. In
multivariate analysis, the FA and ADC values in the
callosal body differed between PIGD and PD (p0.05).
There was a correlation between Tinetti scores and the
FA and ADC values.
Conclusions: We identified for the first time DTI
abnormalities along the transcallosal motor tract in
the body of the corpus callosum, which helped to
differentiate PIGD from PD, and the degree of callosal
body abnormality correlated with the risk of falls. Our
ndings have potential clinical therapeutic implications.

(VIBE, TWIST and FLASH 3D) were studied. Both
qualitative and quantitative analyses were performed.
Results: For three-dimensional (3D) static sequences,
the results show that HASTE produced images with
good quality whereas images acquired using TrueFISP
showed less sharpness of edges than those with HASTE
but requiring less scanning time. Although HASTE and
TrueFISP are superior to Turbo FLASH, it has a high
tissue-to-lung contrast (chest wall–lung, 35.13, liver–
lung, 53.27). For 3D dynamic sequences, FLASH 3D has
better image quality, higher signal and tissue-to-lung
contrast. However, TWIST is a faster alternative at 0.9 s
per volume acquisition (three times faster) although not
matching FLASH 3D’s image quality.
Conclusion: For 3D static sequences, HASTE produced
the best image quality. For 3D dynamic sequences, FLASH
3D is preferred even though TWIST acquires faster.

O-015

S. X. Kok, F. G. Irani, K. B. Teo, A. Gogna,
K. Sin, V. Chao1, KH. Tay

Optimal Pulse Sequences for 3D
Static and Dynamic MR Imaging of
the Lung with a 3-T MR Scanner
T. Hui, Y. X. Yang1, E. Van Reeth1,
L. P. Chueh1, I. Tham2, CH. Tan3
Yong Loo Lin School of Medicine, National University
of Singapore, 1School of Chemical and Biomedical
Engineering, Nanyang Technological University,
2
Department of Radiation Oncology, National University
Cancer Institute, 3Department of Diagnostic Radiology, Tan
Tock Seng Hospital, Singapore
Objectives: For magnetic resonance imaging (MRI) to
be used routinely for imaging of the lung, it has to be
accurate, practical and reproducible, with diagnostic
image quality. The aim of this study is to determine the
most optimal sequences at 3 T to image the lungs in both
static (breath-hold) and dynamic (free-breathing) phases.
Materials and Methods: Between 1 January 2011 and
31 May 2012, 10 healthy subjects (7 men, 3 women; age:
mean 29.1 years, range 21–37 years) and three lung
cancer patients (2 men, 1 woman; age: mean 58.3 years,
range  53–64 years) were scanned using an external
phase array coil using a 3-T MR system (SiemensTrio
MRI scanner; Siemens Healthcare, Erlangen, Germany).
Three different static sequences (HASTE, TrueFISP and
Turbo FLASH) and three different dynamic sequences
162

O-016

Hybrid Thoracic Endovascular Aortic
Repair (TEVAR)

Department of Diagnostic Radiology, Singapore General
Hospital, 1Department of Cardiothoracic Surgery, National
Heart Centre, Singapore
Introduction: Open surgical repair of thoracic aortic
aneurysms is associated with signi cant morbidity and
mortality especially in high-risk patients. Endovascular
repair is a less invasive alternative but is often limited
by inadequate landing zones for the stent graft. The
hybrid technique circumvents this problem with a prior
debranching procedure to lengthen the landing zones
followed by endovascular exclusion of the aneurysm.
Objective: To review our experience with Hybrid
Thoracic Endovascular Aortic Repair (TEVAR).
Materials and Methods: A retrospective review of
patient electronic medical records between January 2008
and April 2012 was performed. A series of eight patients
(5 male, 3 female; mean age 69 years, range: 58–76 years)
underwent the hybrid procedure. For three of the eight
cases, the procedure was done in an emergency setting,
two for a ruptured arch aneurysm, and the other for
an arch aneurysm and a concurrent expanding type-B
dissection. The remaining ve elective cases were for
known arch aneurysms. Mean aneurysmal diameter was
6.6 cm (range: 4.2–8.5 cm).
Results: Primary technical success was achieved in
100% of cases. None of the procedures were staged. Five
patients had follow-up computerized tomographic (CT)
aortograms, which revealed stable size of the excluded
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aneurysm and no evidence of endoleak. Morbidity was
detected in 37.5% (3/8) of the patients, with complications
of spinal cord ischemia in 1 patient and a minor stroke in
2 patients all of whom subsequently demonstrate good
functional recovery. Thirty-day mortality rate was 12.5%
(1/8), with 1 patient passing away on POD 2 as a result of
multi-organ failure. Two patients were lost to follow-up.
Conclusion: The Hybrid TEVAR procedure offers
another option for patients deemed high-risk for
conventional open surgery and did not meet the
anatomical criteria for TEVAR.
O-017

A Prospective, Randomized
Trial Comparing Drug-Eluting
Balloon versus Conventional
Percutaneous Transluminal
Angioplasty for Treatment of
Hemodialysis Arteriovenous Fistula
or Arteriovenous Graft Stenoses Interim Report of First 49 Patients
A. Gogna, T. K. B. Teo, W. H. Yin, B. S. Tan,
F. G. Irani, H. G. Lo, A. Patel, S. J. M. Chan,
C. W. Too, H. H. Win, KH. Tay
Department of Radiology, Singapore General Hospital,
Singapore
Purpose: To determine the efficacy of drug-eluting
balloon angioplasty (DEB) in reducing late luminal loss,
improving re-stenosis rates and prolonging the patency
rates of dialysis access circuits (i.e., arteriovenous stulas
(AVFs) and grafts (AVGs)) compared with conventional
percutaneous balloon angioplasty (PTA) at 6 months.
Materials and Methods: From January to June 2012, 49
patients (29 male) with a mean age of 58.4 years (range
33–76 years) were randomized to either DEB after initial
PTA (n  29) or PTA only (n  25). Study outcomes
included immediate anatomic success (< 30% residual
stenosis), circuit and treated lesion primary patency rates
at 6 months. Follow-up angiogram at 6 months was used
to measure re-stenosis rates (> 50% stenosis) and mean
late luminal loss.
Results: Baseline and procedural variables were
comparable between the groups. There was no major
or minor complication, with one death in the DEB arm
unrelated to the procedure after 30 days. Prior to the
scheduled 6-month angiogram, 5 patients in the DEB arm
and 9 patients in the PTA arm required re-intervention.
Anatomic success was 91.7% (22/24) in the DEB arm and
80.0% (20/25) in the PTA arm (p 0.417). At 6 months,

circuit primary patency was 67% in the DEB arm and
56% in the PTA arm (p 0.842), whereas lesion primary
patency was 71% and 60%, respectively (p  0.712).
Re-stenosis rates were 42.1% (8/19) in the DEB arm and
75.0% (12/16) in the PTA arm (p 0.050), whereas mean
late luminal loss was 29% (SD 21.1, range: 0–68) and 40%
(SD 21.3, range: 0–70), respectively (p 0.127).
Conclusions: Re-stenosis rates appear to be signi cantly
lower in the DEB arm compared with PTA alone even
within this initial cohort. Although no significant
difference was observed in overall circuit primary
patency at 6 months, there appears to be a trend favoring
the DEB arm, which may potentially be substantiated
with larger numbers at completion of the trial.
O-018

Management of Vessel Rupture
during Angioplasty of a
Malfunctioning Hemodialysis Access
X. Liu, T. K. B. Teo1, F. G. Irani1, A. Gogna1,
A. Patel2, R. H. G. Lo1, S. Ramamurthy1,
C. W. Too1, S. X. J. M. Chan1, S. G. Tan2,
B. S. E. Chua2, S. P. Chng2, S. Pasupathy2,
L. Choong3, C. M. Chan3, K. H. Tay1
Duke-NUS, Singapore, 1Departments of Diagnostic
Radiology, 2General Surgery, and 3Renal Medicine
Singapore General Hospital, Singapore
Objective: A review of the management of vessel rupture
after angioplasty of a malfunctioning hemodialysis
access at a single tertiary institution.
Materials and Methods: A retrospective database of
endovascular treatment for malfunctioning hemodialysis
arteriovenous stulas (AVFs) and grafts (AVGs) between
January 2007 and August 2012 was obtained. A total 52
vessel ruptures (de ned as contrast extravasation on
post-angioplasty angiogram) occurred in 41 patients
(11 male) with a mean age of 65 years (range: 34–94
years). Recurrent ruptures occurred in seven patients
who underwent subsequent and separate angioplasty
treatment. One patient had ruptures at two different sites
during the same treatment session. Mean follow-up was
26 months (range: 1–73 months).
Results: A total 35 ruptures occurred in AVFs and 17
in AVGs. A 67.3% (35/52) of all cases was successfully
managed with a prolonged balloon tamponade across
the rupture site. A 19.2% (10/52) required either bare
(n  7) or covered (n  3) mental stent deployment
after failed balloon tamponade. A 1.9% (1/52) was
successfully managed with manual compression and
1.9% (1/52) required urgent surgical repair. In 9.6% (5/52)
of the cases, the hemodialysis access was abandoned.
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Cumulative primary patency rate was 88.5% at 6 months,
80.4% at 12 months, 58.7% at 24 months and 39.6% at 36
months. Cumulative secondary patency rate was 86.3% at
12 months, 72.0% at 24 months, 57.7% at 36 months and
24.9% at 48 months. Thirty-day mortality was 1.9% (1/52).
Conclusion: The majority of vessel ruptures post
angioplasty can be managed effectively with a balloon
tamponade alone, with satisfactory primary and
secondary patency rates.
O-019

Asian Norms for Aortoiliofemoral
Arteries in Patients Above 75
Years of Age – Implications
for Transfemoral Route in the
Deployment of Aortic Valve
Prosthesis

patients had external iliac diameters d 6.0 mm. More
females had smaller external iliac diameters than males
(21 females versus 8 males). There was no correlation of
ethnicity, medical problems and demographic factors
with vessel diameters and extent of calci cation of aortic
valve lea ets and proximal coronary arteries.
Conclusions: There is a signi cant percentage of the
elderly patient population with iliofemoral diameters
smaller than 6.0 mm, indicating non-suitability for
the transfemoral approach. A different interventional
approach or smaller-size sheaths should be tailor-made
for our Asian population.
O-020

Transition into an
ACGME-I-Accredited Radiology
Residency Program: Hopes and
Expectations of a Singapore
Radiology Residency

C. C. Ong, Y. S. Choo1, E. L. W. Tay2,
L. L. S. Teo3

Colin Tan Jingxian

Department of Diagnostic Imaging, National University
Hospital, 1Department of Medicine, Yong Loo Lin School
of Medicine, NUS, 2Department of Cardiothoracic and
Vascular Surgery, National University Hospital, 3National
University Hospital, Singapore

Department of Diagnostic Radiology, Ambulatory and
Clinical Support Services (ACSS)/Singapore General
Hospital, Singapore

Objectives: Transcatheter aortic valve implantation
(TAVI) is currently the treatment of choice in patients
at high surgical risk. Pre-procedural imaging allows
assessment of aortic dimensions to determine the
approach (transfemoral or transapical) and prosthesis
sizing. Current TAVI device delivery systems require
a minimum iliofemoral diameter of 6 mm (18F sheath)
for the transfemoral approach. This pilot study aims to
determine the normal dimensions of aortoiliofemoral
arteries in the elderly Asian population.
Materials and Methods: A retrospective search of our
hospital’s database for computed tomographic scans of
the thorax, abdomen and pelvis for patients above 75
years was performed. Measurements of aortoiliofemoral
arteries were taken at pre-determined levels using
an electronic caliper on a three-dimensional (3D)
workstation. Internal luminal diameter was obtained in
two orthogonal directions, in a plane perpendicular to
the vessel course. Demographic and medical information
were analyzed against vessel diameters using SPSS V19.0.
Results: There were 110 patients (50% male) with a
mean age of 81 years. There were statistically signi cant
correlations of age and gender with aortoiliofemoral
dimensions (P0.05). Twenty-nine out of 110 (26.9%)

A Prospective Study Evaluating the
Diagnostic Performance of Ultrasound
Breast Elastography Using Size Ratio
versus Color Scoring Methods
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O-021

Tammy Moey
Department of Radiology, Singapore General Hospital,
Singapore
O-022

Iatrogenic Renal Injuries: Imaging
Findings and Endovascular
Management
S. Chan, S. H. Rashid, A. Patel, K. H. Tay,
F. G. Irani, A. Gogna, S. Ramamurthy,
H. G. Lo, B. S. Tan
Department of Radiology, Singapore General Hospital,
Singapore
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Introduction: Iatrogenic injuries are a common cause
of renal vascular lesions such as pseudo-aneurysms
or arterio-venous stulae. The role of super-selective
renal artery embolization in the management of these
injuries is well described in the literature. This study
evaluates our local experience of this technique and
their outcomes.
Materials and Methods: We retrospectively reviewed
all renal artery embolizations for iatrogenic injury at
our institution between December 2004 and October
2012. Multiple parameters were assessed, in particular,
the underlying cause of iatrogenic injury, duration
between causative procedure and embolization, as
well as outcomes, including overall effect on renal
function. Pre- and post-embolization angiographic
ndings were reviewed and the site, number, type of
lesions and the result of the embolization procedure
were recorded.
Results: A total 126 patients underwent 163 renal artery
embolizations during the study period. Thirty-two
embolizations for iatrogenic renal vascular injury were
performed in 31 patients. A total 27 pseudo-aneurysms, 5
arterio-venous stulae and 14 active sites of hemorrhage
were demonstrated on DSA and subsequently embolized.
Immediate technical success was 100%, but one case
required a second embolization 4 days later due to
persistent hematuria, resulting in a medical success rate
of 97%.
Conclusion: Our experience with super-selective renal
artery embolization in the management of iatrogenic
renal injuries demonstrates high technical success and
good clinical outcomes, without deleterious effects
on renal function. As such, we advocate that the
technique should be the rst-line treatment for patients
with clinically apparent iatrogenic renal vascular
injury.
O-023

The Role of Intra-Arterial CT
Angiography in Acute Bleeding of the
Gastrointestinal Tract
Y. Y. Yan, F. G. Irani, T. Teo, T. N. Yeow,
A. Gogna, S. Ramamurthy, A. Patel,
S. X. Chan, C. W. Too, R. Lo, B. S. Tan,
K. H. Tay
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
Objectives: There is insuf cient literature describing
the role of intra-arterial CT angiography (IACTA) in the
evaluation of acute bleeding of the gastrointestinal tract
(BGIT). Our objective is to compare the sensitivity of

IACRA with respect to conventional mesenteric digital
subtraction angiography (DSA) in detecting the bleeding
vessel (BV) and region of bleed (RB). The complications,
outcomes and positive predictors of IACTA are also
investigated.
Materials and Methods: The medical records of
patients who underwent both DSA and IACTA for
BGIT in our institution from September 2008 to
February 2012 were reviewed. A total 34 procedures
in 31 patients (16 male, 15 female), mean age 61.9 years
(range: 25–88), were included in the study. The DSA and
IACTA images were compared to determine the BV and
RB. Univariate analysis was performed to determine
any relationship between the pre-procedural clinical
parameter and the positive predictors for bleeding on
DSA and IACTA. The bleeding spontaneously stopped
on table prior to the patient undergoing IACTA in
four of the procedures and these were excluded from
the analyses. There were 11 upper BGIT cases and 23
lower BGIT cases.
Results: Out of 30 IACTAs, 19 identi ed the RB compared
with 13 for DSA (p  0.03), and 11 identi ed the BV
compared with 8 for DSA (p 0.25). Embolization was
performed in 11 (32.4%) procedures. All complications
were minor with a 14.7% rate (n  5). In the cohort,
11 patients made full recovery, 10 required surgical
intervention, 5 endoscopy and another 5 repeat
mesenteric angiogram. Thirty-day mortality was 8.8%
(n  3). Higher CCI score, prolonged PT and lower
systolic BP were associated with positive DSA and
IACTA (p0.05).
Conclusion: IACTA is superior to DSA in detecting
BGIT. A negative IACTA can reduce the amount of time
and radiation expended in detecting BGIT. IACTA is a
promising modality and prospective multicenter studies
are needed to further establish its role in the management
of BGIT.

C. Abstracts of Poster Presentations
P-059

Characterization of Renal Lesions
Using a Dual-Energy Acquisition
Nephrographic Phase
P. J. Lim, H. S. Tan, S. S. Nrupendra,
A. Chawla, T. W. Choy, S. K. J. Lim,
M. Y. Abu Bakar
Department of Diagnostic Radiology, Khoo Teck Puat
Hospital, Singapore
Objectives: To evaluate the feasibility of characterization
of renal lesions using iodine quantification on a
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dual-energy nephrogram acquired during conventional
triphasic computerize tompgraphy (CT) Kidneys.
Materials and Methods: Retrospective review of 25
consecutive patients who had conventional triphasic CT
Kidneys for evaluation of renal lesions was performed.
The triphasic CT Kidneys protocol comprised an
unenhanced single energy scan, a nephrographic
phase generated using dual-energy acquisition and a
single energy-delayed phase acquired on a dual-source
scanner (Somatom De nition Flash; Siemens). The iodine
concentration of the lesions was subsequently evaluated
with an advanced image visualization tool (SyngoVIA;
Siemens) using data only from the dual-energy
nephrographic phase.
Results: Forty- ve lesions (renal cell carcinoma (RCC) 11,
hemorrhagic cysts 4, simple cysts 29, angiomyolipoma
(AML)  1) were detected. The iodine concentration
and CT attenuation number (in parentheses) on
virtual non-contrast enhanced (VNC) images for RCC,
hemorrhagic cysts, simple cysts and AML were 2.8 (35),
0.3 (87), 0.2 (3), and 0.1 mg/dl (-67) ( p0.05), respectively.
Conclusion: It is possible to characterize renal lesions on
a single dual-energy nephrographic phase. Calculation
of iodine concentration using data from a dual-energy
acquisition nephrographic phase allows differentiation
of RCC from hemorrhagic cysts and simple cysts. The
potential to omit an unenhanced scan further allows for
signi cant reduction of radiation dose.
P-060

Breast Imaging in Lactation and
Pregnancy
S. C. Cheong, K. M. Wong, C. H. L. Leong
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
Learning Objectives: To discuss the appropriate and
safe utilization of the various imaging modalities in the
work-up of breast conditions in pregnancy and lactation;
To demonstrate pregnancy- and lactation-specific
physiological breast changes and conditions on imaging;
and to highlight breast imaging pitfalls in pregnancy
and lactation.
Background: Hormonal in uence during pregnancy
and lactation causes physiological changes to the breast
that may reduce imaging sensitivity. Certain breast
lesions such as galactocoeles, lactational adenomas and
pregnancy-associated breast cancers also develop during
this period and can create diagnostic dilemmas. Breast
imaging evaluation may be dif cult and confusing for
radiologists and there are also the added safety concerns
of the various imaging modalities to the fetus and
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newborn. Imaging Findings or Procedure Details: There
will be a multimodality presentation of the imaging
appearance of the physiological breast changes and
various breast conditions in pregnancy and lactation.
A discussion of the imaging pitfalls and appropriate
diagnostic imaging work-up will also be presented.
Conclusion: This is an educational exhibit on the breast
imaging work-up of symptomatic women who are
pregnant or lactating.
P-061

What’s Lurking in the Neural Exit
Canal
W. K. Cheong, B. S. Wong
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
Learning Objectives: To illustrate the wide range of
lesions that may reside in or affect the spinal neural exit
canal.
Background: Magnetic resonance (MR) imaging of
the spine is performed for evaluation of back pain.
Degenerative disc disease and spondylosis are common
ndings on these MR scans. The spinal neural exit canal
is an important area that should be carefully evaluated.
Entities such as synovial cysts and perineural cysts
commonly encountered but may be mistakenly diagnosed.
Other entities to be considered include protruding or
extruded intervertebral discs, abscesses, schwannoma
and migrated herniated disc fragments.
Imaging Findings: Facet joint synovial cysts are often
associated with underlying degenerative spondylolisthesis
and usually involve the lumbar spine. They are typically
iso-intense or hyperintense to the cerebrospinal uid
(CSF) on T1- and T2-weighted images and may show rim
enhancement. Perineural cysts are intimately associated
with the nerve roots and they are separate from the facet
joint. These are often multiple and bilateral, with S2
and S3 nerve roots being the most commonly involved.
Transforaminal Schwannomas may show the classic
dumbbell appearance and intense homogeneous contrast
enhancement. Migrated herniated disc fragments show
variable T2-signal intensities, depending on the hydration
status of the disc. However iso-intensity to parent disc
on T1-weight images and degenerative disc disease with
height loss may be useful clues. Other rarer entities include
post-surgical hematoma, abscesses, fractured endplate
osteophyte and even neuro broma are also illustrated as
differential diagnoses. Conclusions: This exhibit hopes to
provide viewers with tips to help narrow their differential
diagnosis of neural exit canal lesions.
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P-062

M. Limjuico, X. J. Zhang, J. Lee, M. Tan1

A Novel Micro-Bend Fiber Optic
Sensor for Respiratory Monitoring
and Gating during MRI

Department of Nursing, Changi General Hospital, 1Department
of Radiology, Changi General Hospital, Singapore

D. Lau, Z. H. Chen1, J. T. Teo1, S. H. Ng1,
H. Rumpel, H. Yang, P. L. Kei
Department of Radiology, Singapore General Hospital,
1
Department of Neural and Biomedical Technology, Institute
for Infocomm Research, A*STAR, Singapore
Objectives: The aim of this clinical trial is to prospectively
evaluate a micro-bend ber optic sensor (FOS) for its
novel magnetic resonance imaging (MRI)-safe dual
function in respiratory monitoring and respiratory-gated
image acquisition at the same time during liver MRI.
Materials and Methods: Twenty healthy subjects (10
male, 10 female; mean age: 35.9 years) underwent liver
MRI at 1.5 T, with breathing rate and breathing/body
movement detection using a FOS. The mean breathing
rate detected was compared between FOS and
predicate respiratory bellows. The image quality of the
respiratory-gated images obtained using FOS respiratory
cues were compared to that of navigator-acquired images
using quantitative measurements for liver signal-to-noise
ratio (SNR) and liver-to-spleen contrast-to-noise ratio
(CNR). All images were also qualitatively graded on a
modi ed ve-point image scoring scale for overall image
quality, clarity of liver/hepatobiliary anatomic features
and presence of artifacts.
Results: Our results showed no signi cant difference
(P !0.05) in mean breathing rate detected between FOS
and the respiratory bellows. Images obtained using
FOS showed good and comparable SNR and CNR
with navigator-acquired images (P ! 0.05). Although
the FOS images were graded significantly lower
than the navigator-acquired images (P  0.05) due to
inter-operator differences in manual triggering of image
acquisition, the images were generally scored good to
excellent for all three image scoring criteria (mean score
of 4 and above) on the ve-point image scoring scale.
Conclusion: FOS has the potential to replace predicate
systems to serve a dual function in respiratory
monitoring and respiratory gating at the same time
during MRI. Nevertheless, further evaluation and
improvement to the system are necessary before full
clinical implementation.

Objectives: The study compared two groups of drainage
systems (passive and active), determined which drainage
system could reduce the episode of catheter review and
total catheter dwelling time.
Materials and Methods: A retrospective study of
80 patients who underwent percutaneous abscess
drainage (PAD) was carried out from March 2010 to
April 2012. Inclusion criteria were as follows: Patients
with abscess sizet3 cm. If many locules were found,
percutaneous drainage was performed to the largest
pocket. Exclusion criteria were as follows: patients
undergone percutaneous transhepatic cholangiogram
(PTC), percutaneous nephrostomy (PCN), pleural and
ascites drainage, and stulous connection to the abscess.
Two-sample t-test was used to analyze the continuous
variables (i.e., age, gender, abscess size, catheter size)
and Fisher’s exact test used for dichotomous variables.
Results: A total of 50 passive drainage and 30 active
drainage cases underwent PAD, respectively. Patient
age, gender and initial abscess size did not predict
episodes of drainage catheter review (P 0.45, 0.65, 0.38,
respectively). The study showed signi cantly higher
episodes of catheter review in the passive drainage
system group compared with the active drainage group
(P 0.0005); however, there was no signi cant difference
in total catheter dwelling time (P 0.8340).
Conclusions: This study suggests that an active drainage
system could reduce the episode of catheter review
compared with a passive drainage system, although
there was no significant difference in total catheter
dwelling time between the two drainage systems.
However, catheter size and length were not taken into
consideration in this study, hence, future projects looking
into these factors are highly recommended.
P-067

P-066

Comparison of Acupuncture
versus Placebo in Pain Control
during Percutaneous Transluminal
Angioplasty of Stenoses in
Dysfunctional Hemodialysis
Arterio-Venous Fistulae: Preliminary
Experience

Passive versus Active Drainage
System for Percutaneous Abscess
Drainage

M. T. Mohamed Shah, T. K. B. Teo1, S. L. Cui1,
H. H. Win, C. W. Too, J. M. Chan, A. Gogna,
S. Ramam, F. G. Irani, R. Lo, L. H. L. Choong2,
S. G. Tan3, B. S. Tan, K. H. Tay
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Departments of Diagnostic Radiology, 1Pain Management
Centre, 2Renal Medicine, and 3General Surgery, Singapore
General Hospital, Singapore
Purpose: To compare the effectiveness of acupuncture
versus placebo (sham needling) in pain control during
percutaneous transluminal angioplasty of stenoses
in dysfunctional hemodialysis arteriovenous stulae
(AVFs).
Materials and Methods: From June 2010 to December
2012, 49 patients (18 female and 31 male) with a mean
age of 60 years (range: 27–84 years) were enrolled after
receiving informed consent and meeting the inclusion
criteria. Patients with peripheral neuropathy and those on
regular medication for pain control were excluded. The
patients were randomized to receive either acupuncture
therapy or placebo. In the treatment arm, acupuncture
was performed 30 min prior to commencement of
angioplasty. In the placebo arm, needles were used to
prick the patient’s skin without actual skin penetration
(at similar acupuncture points as the treatment arm)
and secured with adhesive plaster. Pain levels were
recorded based on a visual analog scale from 0 to 10. Pain
assessment was performed during angioplasty.
Results: Acupuncture and sham needling were
successfully performed in all patients. There were no
signi cant procedure-related complications. The mean
pain score during angioplasty was 7 (range: 4–10) and
8 (range: 4–10) for the acupuncture and sham needling
arms, respectively (P 0.133). There was no signi cant
difference in pain levels between the groups during
angioplasty.
Conclusion: Our preliminary experience suggests that
acupuncture is not useful for acute pain control during
angioplasty of dysfunctional hemodialysis AVFs.
P-68

Pictorial Review of Chronic Kidney
Disease Mineral and Bone Related
Disorder
C. Y Lim, K. O Ong
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
Learning Objectives: Demonstrate radiological ndings
in musculoskeletal manifestations of Chronic Kidney
Disease Mineral and Bone-Related Disorder (CKDMBD). Background: Musculoskeletal manifestations in
chronic renal insuf ciency, previously loosely de ned
as renal osteodystrophy, is now described under the
broader clinical syndrome of Chronic Kidney Disease
Mineral and Bone-Related Disorder (CKD-MBD).
The syndrome is represented by three components
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– Changes in laboratory markers implicated in bone
metabolism; architectural alternations in bone structure;
soft tissue and arterial calci cations. Imaging Findings
or Procedure Details: Imaging remains the mainstay
of disease assessment. Our poster highlights imaging
features found in bone turnover, mineralization, and
volume modi cations as well as soft tissue and vascular
calci cations in CKD-MBD. Conclusion: Understanding
of the heterogeneous pathophysiology in CKD-MBD as
well as familiarization of the overlapping radiological
features can help in identi cation and assessment of
disease status. The predominant disease process can also
be postulated via imaging, thereby aiding therapeutic
targets.
P-69

Pictorial Review - Lymphoma of
Musculoskeletal System
C. Y Lim, K. O Ong
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
Learning Objectives: Discuss role of imaging in
lymphoma of musculoskeletal system. Background:
Lymphoma of the musculoskeletal system is more
commonly due to secondary involvement from
disseminated disease, but rarely can present as primary
lymphoma of the bone and soft tissue. Radiological
features are traditionally known to be non-specific
and mimic other pathologies. Imaging Findings or
Procedure Details: With multiple advanced imaging
modalities becoming more widespread, imaging now
plays an integral role in management of musculoskeletal
lymphoma. Using images from various modalities such
as radiography, CT, MRI, PET/CT, our poster aims to
demonstrate the various roles imaging play in diagnosis,
staging, and assessment of treatment response in bone
and soft tissue lymphoma. Conclusion: By using various
advanced imaging modalities, imaging can add value to
management of musculoskeletal lymphoma.
P-070

Impact of Endoleak in Endovascular
Aortic Stent Graft Repairs
K. C. Lim, F. G. Irani, A. Gogna,
S. Ramamurthy, R. H. G. Lo, B. S Tan,
C. W. Too, J. M. Chan, B. S. Y. Chua1,
S. P. Chng1, S. G. Tan1, S. Pasupathy1,
V. T. T. Chao2, K. Y. K. Sin2, K. H. Tay
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Departments of Diagnostic Radiology, and 1General Surgery,
Singapore General Hospital, 2Department of Cardiothoracic
Surgery, National Heart Centre, Singapore
Objectives: Endoleak in endovascular aortic stent
graft repairs (EVARs) remains a signi cant challenge
to manage and overcome. This study aims to review
the outcomes and impact of endoleak on patients
undergoing EVAR at Singapore General Hospital (SGH).
Materials and Methods: Patients undergoing EVAR
from January 2003 to March 2010 at SGH were followed
up for their outcomes till 1 July 2010. They were strati ed
by the presence and type of endoleaks and compared
for overall survival (OS) and freedom from secondary
intervention (FFSI). Multivariate analysis was performed
to determine independent prognostic factors.
Results: Seventy-two patients were included in this
study with a median follow-up of 27 months. Thirty-day
mortality was 8%. Overall OS and FFSI at 1, 3, and 5
years were 80.9%, 74.3%, and 55.3%, and 89.5%, 64.6%,
and 57.4%, respectively. When strati ed by presence
or type of endoleak, OS was not signi cantly different.
Five-year FFSI for patients with and without endoleak
was 28.1% and 96.4%, respectively, and was statistically
significant. History of aneurysmal rupture and age
were independent predictors of poor survival, whereas
re-intervention and presence of endoleak were not.
Presence of endoleak was an independent predictor of
poorer FFSI.
Conclusion: Presence and type of endoleak did not have
a signi cant impact on OS but were both independent
predictors of poorer FFSI. Re-intervention also did not
increase the risk of mortality.
P-071

Comparison of Acetabular Version
Angle Measurements between Prone
and Reformatted Supine Computed
Tomography Images
C. W. Too, L. R. Chong1
Department of Diagnostic Radiology, Singapore General
Hospital, 1Department of Radiology, Changi General
Hospital, Singapore
Objective: To compare acetabular version angle
measurements of computerized tomographic (CT)
scans in the prone and reformatted supine positions. CT
acetabular version angle measurements have been done
previously in the prone position to correct for pelvic
tilt. With the advent of multidetector CT, recent studies
have evaluated acetabular version angles measured in
the supine position. To our knowledge, a comparison

between these two approaches has not been performed.
Materials and Methods: We retrospectively reviewed
consecutive CT urography studies of 49 adult
patients, which were performed in both prone and
supine positions, and measured acetabular version
angles of both hips. Two radiologists measured the
acetabular version angles independently. Multiplanar
reformation of the supine CT images was performed to
compensate for pelvic tilt and rotation prior to angle
measurements.
Results: There was excellent inter-observer agreement
between the two readers (ICC  0.90). Acetabular
version angle measurements from the prone CT images
were larger compared with those from the reformatted
supine images (24.0 and 21.3 degrees, respectively; P
0.0001), with greater angles found in women. There was
a strong correlation between supine and prone acetabular
version angle measurements, with a Pearson correlation
coef cient of 0.743.
Conclusion: Acetabular version angles measured from
prone and reformatted supine CT images showed strong
correlation but were signi cantly different, with larger
angles obtained from the former. Acetabular version
angles were also greater in females. CT acetabular
version angle measurement is reliable, with excellent
inter-observer correlation. Acetabular version angle
measurement using reformatted supine CT images
aligned to a consistent neutral anatomical plane is
recommended.
P-072

MRI Features of Ramsay Hunt
Syndrome
V. Thota, P. Mundada, T. Y. Tan
Department of Radiology, Changi General Hospital,
Singapore
Learning Objectives: After reading this essay the reader
will be acquainted with the magnetic resonance (MR)
features of Ramsay Hunt syndrome (RHS) and also will
be able to compare them with those of Bell’s palsy.
Background: RHS or Herpes Zoster Oticus is facial neuritis
of acute onset associated with painful, often hemorrhagic,
vesicles in the external auditory canal, tympanic membrane
and pinna. It may also involve the eighth cranial nerve
(CN), resulting in vertigo, hearing loss and tinnitus.
Imaging/Procedure Details: Contrast MR imaging (MRI)
is the mainstay of imaging in RHS. In both RHS and
Bell’s palsy, the normal enhancing portions of the facial
nerve, namely the geniculate, intratympanic and mastoid
portions, show increasing enhancement. The segments
of facial nerve that do not enhance normally, namely the
cisternal and meatal segments, may show enhancement
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in both Bell’s palsy and RHS. In some cases of RHS,
enhancement of the eighth CN, cochlea and vestibule may
be observed. This is not a feature of Bell’s palsy. Thickening
and enhancement of the meninges may be seen in few cases
of RHS but do not feature in Bell’s palsy.
Conclusion: Contrast-enhanced MRI is a valuable tool
in the diagnosis of RHS, especially in atypical clinical
presentation.
P-074

Magnetic Resonance Imaging of Wet
Pathology Specimens of the Heart
and Lungs – Going Beyond External
Appearance
C. C. Ong, M. E. Nga1, S. K. Venkatesh2,
Y. B. Fu3, V. F. H. Chong3, L. L. S. Teo

P-077

Percutaneous Insertion of Covered,
Self-Expandable Metal Stents for
Obstructive Jaundice – A Singapore
Experience
T. Hui, B. S. Tan1, Y. S. Choo, F. Irani1,
S. Ramamurthy1, A. Gogna1, C. W. Too1, R. Lo1,
A. Patel1, S. Chan1, K. H. Tay1, K. B. T. Teo1
Yong Loo Lin School of Medicine, National University of
Singapore, Singapore, 1Department of Radiology, Singapore
General Hospital, Singapore

Departments of Diagnostic Imaging, 1Pathology, and
3
Radiology, National University Hospital, Singapore,
2
Department of Radiology, Mayo Clinic, USA
Objectives: Following introduction of the residency
system, radiopathology has acquired greater prominence,
given that it is now part of program requirements.
Conventional anatomy and pathology teaching
previously relied on wet pathology specimens (WPSs).
However, these specimens suffer from degradation
with time and are inaccessible to most for routine
teaching purposes. With improvement in magnetic
resonance imaging (MRI) techniques, fast acquisition
of high-quality images WPSs is now possible. This
would allow radiology trainees to look beyond the
external appearance of the three-dimensional (3D)
WPSs, using familiar cross-sectional MRI images as a
correlate. This not only offers an alternative in archiving
such specimens, but would now make pathology more
relevant to radiology training.
Materials and Methods: MRI of selected heart and lung
pathology specimens was performed using a 3-T MRI
machine with two or more MRI sequences, including
T1-weighted (T1W), T2W, FLAIR (fluid-attenuated
inversion recovery), fat–water separation (DIXON) and
gradient-recalled echo (GRE) sequences. The digital
images and photographs of specimens were archived into
a workstation serving as a virtual pathology museum.
Results: MRI was performed on 21 wet specimens of
varying cardiovascular and pulmonary pathologies. The
T1W/T2W sequences demonstrated the best contrast
between normal and pathological tissues. MRI of WPSs
allows greater appreciation of their internal appearance
not apparent on visual inspection alone and serves as an
excellent platform for radiologic/pathologic correlation
for radiology training.
170

Conclusion: MRI of wet specimens provides images of
excellent resolution and allows for better radiologic/
pathologic correlation. Setting up of this digital library
would serve as a permanent and easily accessible archive
for educational purposes.

Objectives: To determine the ef cacy of percutaneously
inserted, covered, self-expandable metallic stents
(cSEMSs) in the treatment of biliary obstruction and
leakage.
Materials and Methods: Patients who had cSEMSs
deployed in the biliary tree between January 2010
and March 2012 were identified retrospectively.
Patient demographics, indication for cSEMS insertion,
procedural details and outcomes were reviewed.
Results: Six patients were identi ed (5 male, mean
age 67.7 years). Five patients had biliary obstruction,
whereas the remaining patient had biliary leakage. The
causes of biliary obstruction were primary pancreatic
cancer (n  3), malignant lymphadenopathy (n  1)
and a benign, post-surgical anastomotic stricture
( n   1). The level of obstruction was the common
bile duct (n  4) and the anastomosis (n  1). All six
patients underwent percutaneous transhepatic biliary
drainage before cSEMS insertion (mean interval of
85.2 days). Three patients also had bare metallic stents
(BMSs) inserted prior to cSEMS insertion. Two of the
ve silicone-covered stents did not expand fully after
deployment, requiring balloon dilatation; antegrade
ow was established in both cases. The mean follow-up
time was 7 months (range: 1–9 months), with no stent
complications. In the patient with the benign stricture,
the cSEMS was removed percutaneously 2 months
later and he remained asymptomatic for 9 months. One
patient died due to the underlying malignancy and
another from sepsis; the stents in both patients were
patent at the time of demise.
Conclusions: cSEMSs appear to be effective in relieving
biliary obstruction and treating biliary leakage in the
short-to-medium term, with minimal stent complications.
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They may also be suitable as bailout in cases of
occluded BMSs.
P-078

An Electronic Template to Prepare a
Radiologist Staff Roster
K. C. Chan, Y. P. Lee
Department of Imaging and Interventional Radiology, Prince
of Wales Hospital, Hong Kong, Hong Kong SAR, China
Objective: Preparing a weekly duty roster for radiologists
can be time-consuming. Instead of writing and erasing
on a piece of paper and making the required calculations
manually, the authors have designed an electronic
template to facilitate the planning of a duty roster.
Materials and Methods: An electronic template has
been designed using a Microsoft Excel 2007 spreadsheet.
Figures required for subsequent calculations such as
number of backlog reporting sessions were manually
entered into the spreadsheet. Modification of the
duty roster draft was made in the page based on the
modality and another page re ecting each individual
radiologist’s duty was automatically synchronized.
Required calculations such as number of un lled sessions
for each modality were automatically refreshed when a
modi cation was made.
Results: As a modi cation is made solely in the page
based on the modalities, the time for synchronizing the
corresponding changes in the other page re ecting each
radiologist’s duty can be saved and the manual error is
eliminated. The effort for making required calculations
to guide task distribution is also saved. A balanced and
fair distribution of different tasks to each radiologist
can be made easier to achieve and the spectrum of
duties for trainee radiologists can be easily reviewed to
accommodate their training requirements.
Conclusion: Adopting an electronic approach of
preparing a radiologists’ weekly duty roster can
potentially save time and facilitate the distribution of
workload among radiologists in a balanced and fair
manner. It also facilitates the distribution of tasks to
junior radiologists to help them attain their training
requirements.
P-079

Follow-Up Survey of the Attitudes of
a Cohort of Undergraduate Medical
Students Toward Radiology
L. L. Teo, Y. S. Chan1, C. C. Ong, T. Han2,
V. F. H. Chong2

Departments of Diagnostic Imaging, and 2Diagnostic
Radiology, 1Yong Loo Lin School of Medicine, National
University Hospital, Singapore
Objectives: This study compares the attitudes of the
same cohort of medical students in their first year
(2009) and fth year (2013) to see if they have changed,
following introduction of a new radiology curriculum.
Materials and Methods: Revision of the 1 st year
curriculum with 13 one-hour formal radiology
lectures was done in 2008/9. Exposure to radiology
continued with eight formal lectures in the 2nd year.
In the 3rd and 5th years, students received small group
tutorials. In the 4th year, they had a 1-week radiology
department attachment. The same hard copy survey was
administered in their 1st (2009) and 5th (2013) years, to
see if their attitudes had changed, given that this was
the rst batch of students to have continued radiology
exposure throughout all ve years. Survey responses
were tabulated.
Results: Response rate was 118/270 students. Forty-seven
percent of the students felt familiar with radiology as
with other specialties compared with 16.1% in 2009.
Fifty-seven percent of the students attended lectures and
study sessions compared with 1.9% then. Fifty percent of
students felt radiology was interesting in its own right
compared with 30.3% then. However, negative student
response to radiology as a career or student elective
choice was fairly high and similar (career: 56% currently
versus 50% then; elective: 42% versus 36%).
Conclusion: Early and continued exposure of students
to radiology increases their interest and appreciation of
this subject. Despite this intervention, results however
show that radiology is still not a popular student elective
or career choice and further work needs to be done to
pique this interest.
P-080

“The Devil’s in the Details – Use
of MR Imaging in Evaluation of
Neoplasms of the Thyroid, Trachea,
Larynx and Hypopharynx”
S. Gupta, J. Goh, T. Y. Tan, S. C. Loke,
A. Karandikar
Department of Radiology, Tan Tock Seng Hospital,
Singapore
Learning Objectives: To highlight the utility of magnetic
resonance (MR) imaging in the evaluation of neoplasms
of the thyroid, trachea, larynx/hypopharynx.
Background: All MR imagings of neck with a small eld
of view (using surface coils) performed at our department
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in the past 4 years (2009–2012) were reviewed. The cases
performed for laryngeal, thyroid and tracheal diseases
were included in our exhibit. In total 29 studies were
performed out of which one was reviewed as normal. A
total 12 of the MR imagings were performed for thyroid
disease and their loco-regional extension. Five were
performed for tracheal diseases or to look for tracheal
invasion by loco-regional disease. Eight were performed
for laryngeal/hypopharyngeal disease and their extent,
whereas the remaining four were for post-operative cases
to look for disease recurrence.
Imaging Findings or Procedure Details: For most of the
cases, MR imaging with “small eld of view” images
satisfactorily demonstrated regional, including neural
and vascular, extension of the diseases of the thyroid,
trachea and larynx/hypopharynx.
Conclusion: MR imaging with small eld is superior to
computerized tomography (CT) in detailed evaluation
of loco-regional invasion by evaluation of the thyroid,
trachea and larynx/hypopharynx.
P-081

Effective Dose Measurement for
Abdominal Cone Beam Computed
Tomography in Interventional
Radiology
Y. M. Kwok, F. G. Irani, P. G. Cornelio,
C. C. Yang, J. S. Loke, K. H. Tay, B. S. Tan
Diagnostic Radiology, Singapore General Hospital,
Singapore
Objectives: Effective dose measurements with
thermoluminescent dosimeters (TLDs) were performed
to compare radiation doses between cone beam computed
tomography (CBCT) imaging and conventional
multi-detector computed tomography (MDCT).
Materials and Methods: CBCT has recently been
introduced as an additional cross-sectional imaging
modality during interventional radiology procedures to
allow interventional radiologists more accurate image
guidance. The male RANDO phantom was used in
these dose measurements. TLDs were placed at selected
locations of the phantom. Designated abdominal
CBCT protocols from Artis Zeego (Siemens, Erlangen,
Germany), In nix VC-i (Toshiba, Tokyo, Japan) and
comparable protocols from Aquilion 16 (Toshiba,
Tokyo, Japan) were used to image the phantom.
These protocols were provided by the manufacturers
for routine clinical imaging. The exposed TLDs were
analyzed on Harshaw 3500 Reader (Thermo Scienti c,
Oak Ridge, USA). The effective doses for these two types
of imaging were derived by applying the International
172

Commission on Radiological Protection (ICRP) 2007
tissue weighting factors. This experimental process
was repeated to verify the rst set of measurements
and the two sets of results were averaged to reduce
statistical variation.
Results: Two abdominal protocols were evaluated for
each system; the effective doses measured were 15.0 and
18.6 mSv for Artis Zeego CBCT, 25.4 and 37.0 mSv for
In nix VC-i CBCT, and 9.8 and 13.5 mSv for Aquilion
16 MDCT.
Conclusion: The effective dose measurements with TLDs
demonstrated that the patient dose levels in the two
evaluated CBCT systems were signi cantly higher than
those by multi-detector CT for abdominal studies. These
ndings may have implications for clinical practice,
when considering which modality to adopt.
P-082

Retrievable Inferior Vena Cava
Filters – Insertion, Complications and
Retrievability
S. Chan, A. Htet, F. G. Irani, R. Lo, T. Teo,
A. Gogna, S. Ramamurthy, A. Patel, C. W. Too,
B. S. Tan, K. H. Tay
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
Objectives: Temporary placement of inferior vena cava
(IVC) lters has a role in the prevention of pulmonary
embolism in at-risk patients. We aimed to evaluate the
insertion, retrievability and safety of retrievable IVC
lters at our institution.
Materials and Methods: From June 2009 to June 2012
we performed a retrospective review of all BARD G2X
retrievable IVC lters inserted and retrieved at our
institution. Patients’ case notes and imagings were
reviewed.
Results: A total 88 temporary IVC lters were inserted
for standard indications. Eighty- ve lters were inserted
into the infrarenal location, with three being inserted
suprarenally (double IVC ( n   2); infrarenal IVC
thrombus (n 1)). The commonest route for insertion
was right IJV (n 57) followed by right common femoral
vein (n  27). Angulations  10 degrees (n  2) and
non-opening of struts (n  3) were noted at insertion
but this did not adversely affect outcome. Only 36
came for retrieval after a mean in-dwelling time of
9.5 weeks (range: 1–23 weeks). No patient developed
major pulmonary embolism, but ve lters showed
minor trapped thrombi (< 5 mm) on removal. Successful
retrieval was performed in 34 patients for infrarenal IVC
lters. Unsuccessful retrievals (n  2) were noted for
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suprarenal lters, which had severe tilt, distal migration
and penetration of the IVC wall. Both lters were left
in situ with no adverse sequelae.
Conclusion: BARD G2X infra-renal IVC lter insertion
and retrieval is safe and effective, associated with minor
complications. However, suprarenal insertion of the lter
is associated with tilt, migration and penetration, making
retrieval challenging.

P-085

Preliminary Report on Age-Related
Mammographic Breast Density of
Mongolia Women as Detected at
Digital Mammography

P-084

P. Tugsjargal, D. Tuyshinjargal, S. Pureysukh,
D. Gonchigsuren

A Retrospective Review of the Use
of Chimney Grafts in Endovascular
Repair of Abdominal Aortic
Aneurysms

Department of Nuclear Medicine and Molecular Imaging,
School of Medicine, Universitas Padjadjaran/dr. Hassan
Sadikin Hospital, Bandung, Indonesia, Department of
Nuclear Medicine, Moechtar Riadi Comperhensive Cancer
Center Hospital, Jakarta, Indonesia

M. E. J. Chua, F. G. Irani, G. Apoorva,
T. Manesh, S. Y. B. Chua1, K. H. Tay
Departments of Radiology and 1General Surgery, Singapore
General Hospital, Singapore
Objective: To review our experience with Chimney
grafts (CGs) in endovascular repair of abdominal aortic
aneurysms (AAAs) with inadequate proximal landing
zones.
Materials and Methods: Electronic medical records
of patients referred for endovascular repair of AAAs
over a 4-year period (January 2008–April 2012) were
retrospectively reviewed. There were 10 patients (9 male
and 1 female) with a mean age of 69 years (range: 57–78
years). The reasons for intervention were large aneurysm
size (n 6) on rst imaging, increasing aneurysm size
(n  2) on surveillance scans and secondary repair of
proximal type-1 endoleaks (n 2).
Results: Aortic stent grafts and CGs were successfully
deployed in all patients. Six patients had 1 CG inserted,
2 patients with 2 CGs and 2 patients with 3 CGs. At a
mean follow-up of 7.7 months (range: 1–18 months),
the aneurysms had decreased in size in ve patients,
remained stable in four patients and increased in size
in one patient. All CGs inserted were patent except
for one patient who experienced the intra-procedure
complication of a fractured balloon with a consequent
obstructed left renal Chimney stent and a renal infarct.
Four cases of endoleaks were diagnosed on follow-up
imaging, of which there was one type-1 endoleak and
three type-2 endoleaks. The endoleaks were managed
conservatively. Renal function was stable in seven
patients and showed worsening in the remaining three.
There was no mortality.
Conclusion: Use of CGs is feasible and is a useful adjunct
for endovascular repair of AAAs with short proximal
necks and proximal type-1 endoleaks secondary to stent
graft repair.

Objective: Digital mammography was relatively
recently introduced in Mongolia, in 2007. Variations in
composition between women are partially impacted by
genetic and environmental factors, which was implied
in reports on breast mammographic density. Awareness
of the wide range of breast mammographic appearances
decreases the rate of false-negative mammographic
assessment and leads to better detection of early breast
cancer. There are only few reports on mammographic
density of Asian women. We analyzed the breast density
of Mongolian women and correlated with age, body mass
index (BMI) and breast size.
Materials and Methods: From December 2012 to
February 201, 193 women aged 24-79 years were screened
using a HOLOGIC mammograph at the Ulaanbaatar
Songdo Hospital. Breast mammographic appearance was
classi ed by the interpreting radiologist using a BI-RADS
system. Measurement of height, weight and breast size
was performed for all patients under informed consent.
Data were analyzed using stepwise multiple regression
methods. We determined whether differences in breast
density might be caused by age, BMI, breast size (bra size:
circumstance of chest at the level of nipple; cup size: The
distance between the upper part and lower part of the
breast) and distance of nipple line on mammography.
Results: Fatty breast patterns were detected in 24.3%
of the women, which is relatively higher than that in
other countries’ reports. Heterogeneously dense breast
patterns were found in 22.8%. Scattered broglandular
density was found 17.1%, which is slightly less than
that in other Asian populations. With age, prevalence
of fatty breast patterns showed increase from 16.9% in
the 30–39-year age group up to 80% in the 60–69-year
age group. A decreasing trend was observed in the
prevalence of extremely dense breast patterns from 48.1%
in the 20–29-year age group to 2% in the 40–49-year age
group.
Conclusion: Prevalence of fatty breast patterns among
Mongolian women is higher than that in other Asian
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countries, whereas prevalence of heterogeneously dense
patterns tends to be less.
P-086

Portal Vein Embolization – A Local
Institutional Experience
W. T. Neo, A. Gopinathan, E. Liu, B. Wee,
K. Y. Yeong, L. Tan
Department of Diagnostic Imaging, NUHS, Singapore
Objective: To analyze the outcomes of pre-operative
portal vein embolization (PVE), including liver
hypertrophy, resection rates and complications after
embolization and resection.
Materials and Methods: A retrospective review of 13
cases of PVE performed between December 2008 and
May 2012 in patients with malignant hepatic disease
(7 hepatomas, 4 metastases, 1 gall bladder carcinoma,
1 cholangiocarcinoma) was done. There were 9 men
and 4 women with an average age of 59.5 years. PVE

174

was done with metallic coils and/or polyvinyl alcohol
particles. Ipsilateral transhepatic access was employed
in nine patient and contralateral access in four patients.
Right portal vein, right as well as segment-4 portal
vein and left portal vein were embolized in 12, 2 and
1 patient, respectively. The procedure was done under
local anesthesia and moderate sedation.
Results: The intended branches of portal vein could be
embolized in all the patients, with a technical success
rate of 100%. After PVE, the future liver remnant (FLR)
volume increased by an average of 30.3% (133.8 ml). Six
(46%) patients underwent subsequent hepatectomy.
Eight patients did not undergo hepatectomy due to
interim disease progression (n  5), inadequate FLR
hypertrophy (n 3) and other reasons (n 1). One patient
had a short brief febrile episode, but otherwise no other
patient developed any post-embolization syndrome. No
patient developed progressive liver insuf ciency after
embolization or resection. No major procedure-related
complications were encountered.
Conclusion: PVE is safe and effective for inducing selective
hepatic hypertrophy in the appropriate clinical setting.
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Nursing and Technologist Track

Dorothy Tan Man Yee

powerful RFA technologies. Minimizing adverse effects
of RFA such as biliary tract damage, liver failure and local
recurrence remains an important task today, but, overall,
the long-term results of RFA application in treating liver
tumors are promising. In most studies, more than half
of the liver tumors treated by RFA have not recurred.
The success rate for completely eliminating small liver
tumors is greater than 85%. It may be used repeatedly
to treat recurrent liver tumors and is a relatively quick
procedure and recovery is rapid.

Department of Diagnostic Imaging, Tan Tock Seng Hospital
Pte Ltd
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A. Abstracts of Invited Speakers
S-0052

HMDP Experience on PET/CT

Imaging with this equipment that combines
positron-emission tomography and computed
tomography (PET/CT) provides the special bene ts of
both in one procedure, which is a highly sensitive imaging
technique used in oncology, cardiology and neurology,
and in factitious and in ammatory diseases. During my
association with West-Mead hospital, my observation
included the daily running of the department; the set
up and preparation of patients undergoing PET/CT;
and also included patient protection, protection of
children, pregnant women, breast feeding mothers and
accompanying persons, protection of the public, staff
protection and training requirement.
S-0053

Radiofrequency Ablation for
Liver Tumors
Aileen Romasanta Cruz
Department of Diagnostic Imaging, National University
Hospital, Singapore
Radiofrequency ablation (RFA) is a minimally invasive
treatment for cancer. It is an image-guided technique that
heats and destroys cancer cells. Over the past decade,
RFA has evolved into an important therapeutic tool
for treatment of non-resectable primary and secondary
liver tumors. The clinical bene t of RFA has proven its
impact not only in hepatocellular carcinoma (HCC) but
also metastatic disease. Due to the increasing number of
HCC, RFA might play an even more important role in the
future. In RFA, imaging techniques such as ultrasound,
computed tomography or magnetic resonance imaging
are used to guide a needle electrode into a cancerous
tumor. High-frequency electrical currents are then passed
through the electrode, creating heat that destroys the
abnormal cells. Performance of RFA is generally painful
and anxiety-provoking for patients. But in general,
RFA is a safe, well tolerated and effective treatment for
unresectable hepatic malignancies. Effective treatment of
larger tumors, however, awaits the development of more

Care of Patients Undergoing Yttrium
90 Treatment – Preparatory,
Procedural and Post Procedure Care
Rohaidah bte Ahmad
Department of Diagnostic Radiology, Singapore General
Hospital, Singapore
Management of hepatic malignancies is a worldwide
medical problem. Surgical resection of primary or
metastatic liver cancer, with or without adjuvant
chemotherapy, is the most effective method for
enhancing survival; however, hepatic malignancies
in the vast majority of patients are unresectable both
at initial manifestation and at recurrence. In these
patients, palliative cytoreductive therapies may help
retard tumor progression and therefore favorably alter
the course of the disease. Since hepatic neoplasms are
principally supplied by the hepatic artery, various
arterially delivered cytotoxic agents have been
developed to achieve these objectives. Recently, the
Food and Drug Administration approved trans-arterial
administration of yttrium-90 microspheres for
liver-directed therapy. Effective use of these devices
requires knowledge of the accumulated clinical
experience and a dedicated multidisciplinary effort to
ensure optimal outcomes and avoid therapy-speci c
life-threatening complications
S-0055

Breast Biopsy
Winnie Komen
Department of Diagnostic Imaging, National University
Hospital, Singapore
Breast cancer is the most common cancer affecting women
and makes up more than 20% of all cancers in women
of Singapore. All women are at risk of having breast
cancer at some point, and the chances of developing it
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increases with age. Every year, thousands of women
in Singapore undergo screening mammograms. Breast
biopsy is commonly performed on suspicious ndings
on mammograms to con rm the presence of cancer. A
biopsy involves removal of tissue in an area of concern
from the breast using a biopsy needle. The tissue is
processed and sent to a pathologist, a doctor who will
look at the tissue under a microscope to determine if
there is any cancer. This presentation will explain what
a breast biopsy is, how it is done, what it might nd and
treatment options if necessary.
S-0056

Clinical Implementation of
Intra-Operative Radiation Therapy –
A Radiation Therapists’ Perspective
Huang Yilin Elieen
Department of Radiation Oncology, National Cancer Centre
Singapore, Singapore
Background: Radiotherapy on the breast has been
an essential step after wide excision of breast cancer,
to reduce local relapse and increase overall survival.
Conventionally, radiation is delivered to the whole
breast. However, studies have shown that in select
patients, ipsilateral breast recurrences in areas other
than the tumor bed are rare. Radiation con ned to the
tumor bed alone may, thus, be suf cient. With this,
select patients who received radiation to the whole
breast are deemed ‘over-treated’. Several techniques,
which are able to target only the tumor bed, for example,
Accelerated Partial Breast Irradiation (APBI), have been
explored. Intra-Operative Radiation Therapy (IORT)
is one form of APBI used for treatment of these select
patients.
Purpose: To show that it is possible to irradiate only
the tumor bed by IORT and achieve equivalent local
control of breast cancer at a 5-year follow-up. To shorten
the overall treatment time, a patient will have only one
treatment session as compared with the conventional
treatment with 30 sessions over 6 weeks. With a smaller
targeted volume, less healthy breast tissue is irradiated,
and radiation-induced lung injury and cardiac morbidity
can be reduced. Overall, we hope to increase patients’
quality of life.
Materials and Methods: IORT using the INTRABEAM
device can be carried out as a one- or two-step procedure.
One-step refers to delivering the radiation immediately
after excision of the tumor in a breast-conserving surgery
(pre-pathology), whereas two-step refers to delivering
the radiation on a second occasion (post-pathology)
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up to a month from the breast-conserving surgery.
Radiation is delivered via a source attached on one end
of the machine, and a spherical applicator placed on the
tumor bed on the other end. Major Obstacles: As IORT is
a new technique in Singapore, there are uncertainties in
patients when offered the option. As such, we see about
a case per month. As a radiation therapist, the obstacle
that arises when cases are low is that when performing
quality assurance (QA) checks, there are times when we
have dif culty with troubleshooting. The guideline that
QA checks have to be carried out with at least a physicist
and a radiation therapist was thus put in place. By this,
we can double check each other as well as help ourselves
to be more familiarized with it.
Conclusion: Even as IORT using the INTRABEAM device
is one of the largest published randomized trials, there
are no data of using it for Asian patients. The host factors
of Asian patients are distinct from those of Caucasian
patients, and the applicability of the INTRABEAM
device in Asian women with generally smaller breasts is
unknown. Apart from wanting to establish the bene ts
of IORT in Asian patients, we also want to improve the
overall treatment experience of the patients without any
compromise to the result of the treatment.
S-0057

Evolving Trend of Breast Radiotherapy
Technique
Joyce Tan
Department of Radiotherapy Centre, National University
Health System, Singapore
Introduction: Breast radiotherapy after surgery plays
a vital role in the management of breast cancer for
loco-regional control. Over the last decade, due to
advances in technology, we have seen changes in
the radiotherapy technique for breast cancer. We
have since moved from the two-dimensional (2D)
era of cobalt treatment to current 3D conformal and
intensity-modulated radiotherapy (IMRT) using a
linear accelerator or by tomotherapy. These changes in
techniques have helped to improve dose coverage to plan
target volume (PTV) and reduce treatment toxicities.
Purpose: To evaluate the changes and impact of different
breast radiotherapy techniques brought about by
advances in radiation technology.
Materials and Methods: Dosimetry and treatment
setup comparison of the various breast treatment
techniques used over the years. Planned comparison
of 2D, 3D conformal and IMRT performed. Dosimetric
evaluation of various techniques was made, in terms
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of homogeneities; PTV coverage; and dose to organs
at risk such as heart, lung and skin dose. A review
of skin toxicities was performed with regard to the
different techniques used based on the published
literature.
Conclusion: This advance has brought about an
improvement in skin cosmesis and toxicities. There
is also improvement in dose to the heart and lungs.
Although there is dosimetric improvement in
homogeneity and PTV coverage, there is however no
evidence of improvement in local control and overall
survival.

S-0064

Passive versus Active Drainage
System for Percutaneous Abscess
Drainage
M. Santos, X. J. Zhang, J. Lee, M. Tan1
Departments of Nursing and 1Radiology, Changi General
Hospital, Singapore

Department of Radiotherapy, Hong Kong Sanatorium
Hospital, Hong Kong

The study compared two types of drainage systems,
passive and active, and determined which drainage
system could reduce the episode of catheter review and
total catheter dwelling time. A retrospective review of 80
patients who underwent percutaneous abscess drainage
was carried out from March 2010 to April 2012. A total of
50 and 30 patients had undergone percutaneous abscess
drainage via passive drainage and active drainage,
respectively. Patient age, gender and initial abscess size
did not predict episodes of drainage catheter review.
The study has shown signi cantly higher episodes of
catheter review in the passive drainage system group
compared with the active drainage group; however, there
was no signi cant difference in total catheter dwelling
time. This study suggests that an active drainage system
could reduce the episode of catheter review compared
with a passive drainage system, although there was no
signi cant difference in total catheter dwelling time
between the two drainage systems. However, catheter
size and length were not taken into consideration in this
study; hence, future projects looking into these factors
are highly recommended.

S-0063

S-0065

Preventing Contrast-Induced
Nephropathy

An Evaluation of Non-Stitch Dressing
of a Self-Locking Pigtail Abdominal
Drainage Catheter

S-0058

Closing the Communication Loop of
Critical Radiolog
Results: From Results to Action
Lee Kok Yew
Department of Diagnostic Imaging, National University
Hospital, Singapore
S-0059

Challenge of Treatment Accuracy in
Radiation Therapy
Lee Wing Yiu Joseph

Joann Koh
Department of Diagnostic and Interventional Imaging, KK
Women’s and Children’s Hospital, Singapore
Contrast is known to induce nephropathy in patients with
renal impairment and diabetes. About 60% of patients
with contrast-induced nephropathy had a pre-existing
renal impairment. It is important to understand the
risks so that necessary precautions can be taken. The
precautions are to monitor patients’ creatinine level
and provide appropriate advice to diabetic patients. We
need to ensure that examinations that require contrast
are safe for patients.

Peggy Chong
Department of Diagnostic and Interventional Imaging, KK
Women’s and Children’s Hospital, Singapore
Stitching has always been the choice to anchor drainage
catheters. At KKH, most of the oncology patients
presenting with recurrent ascites and need repeated
drainage. A group of IR nurses brainstormed and
designed this anchoring dressing that is effective. It was
found that with self-locking pigtail catheters, looped
dressing with a marker is enough to anchor down
abdominal drainage catheters.
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S-0066

Honey Tura Mandap

Nursing Roles in Peripheral
Angioplasty

Department of Diagnostic Radiology, Singapore General
Hospital, Singapore

Amanda Loh Hui Qi
Khoo Teck Puat Hospital, Singapore
Peripheral vascular angioplasty with or without vascular
stenting is a minimally invasive procedure. These
procedures are performed to improve blood ow in the
arteries and veins. Patients could be having problems such
as gangrene and leg ulcerations, or dif culty accessing
the arterio-venous stula in renal failure patients. These
procedures help patients considerably without having
them to undergo major surgery or amputation. Imaging
techniques are used to guide a balloon-mounted catheter,
which is a long, thin plastic tube, into an artery or vein
and advance it to where the vessel is narrowed or blocked.
The balloon is in ated to open the vessel, and then it is
de ated and removed. A set of pre-procedure protocols
is done prior to the procedure. One hundred percent
compliance of time-out is required for all interventional
cases. Post-procedure care is reinforced to ward staff when
a patient is being transferred back to the ward.
S-0067

Nursing Role in KKH MRI GA
Induction
Emily Leong
Department of Diagnostic and Interventional Imaging, KK
Women’s and Children’s Hospital, Singapore
It is dif cult to do a magnetic resonance imaging (MRI)
scan for uncooperative patients especially children. It
is common for the MRI scan to be arranged to be done
under general anesthesia (GA). Hence, one of the main
nursing roles for nurses who work in the Department of
Diagnostic Imaging and Intervention (DDII) in KKH is
to assist in GA induction. The aim of this presentation
is to share with other hospitals how KKH DDII nurses
carry out this role. Basically, this role will be discussed
under three stages: pre-anesthesia, during anesthesia
and post-anesthesia. This is to bring awareness of the
dif culties in conducting MRI scans for uncooperative
and the nursing role in GA induction.
S-0068

Care of Patient Undergoing Cardiac
CT
178

Cardiac computed tomography or cardiac CT is
a painless test that uses an X-ray machine to take
clear, detailed pictures of the heart. Doctors use this
test to look for heart problems. During a cardiac CT
scan, an X-ray machine moves around the body in
a circle. The machine takes a picture of each part of
the heart. A computer puts the pictures together to
make a three-dimensional (3D) picture of the whole
heart. Sometimes an iodine-based dye (contrast dye) is
injected into one of the veins during the scan and the
contrast dye highlights the coronary (heart) arteries
on the X-ray pictures. This type of CT scan is called
coronary CT angiography or CTA.
S-0069

Accelerated Partial Beam Irradiation–
NCCS Initial Experience
Nur Farhanah Binte Said
Department of Radiation Oncology, National Cancer Centre
Singapore, Singapore
Breast cancer patients have been conventionally treated
by External Beam Radiotherapy (EBRT) as part of their
post-operative radiotherapy management over long
decades, following breast-conserving surgery. Breast EBRT,
also known as whole-breast irradiation (WBI), involves
treatment of the entire breast tissue, which includes the
lumpectomy cavity as well as the skin, axilla and partial
volumes of adjacent critical structures such as the heart
and lungs. WBI is given based on daily fractionation over
a duration of 5–6 weeks, which may cause inconvenience
of care for patients. This treatment technique often results
in acute but severe skin reactions. Background: Accelerated
partial beam irradiation (APBI) is an alternative method
for post-operative radiotherapy for patients who have
undergone breast-conserving surgery. There are several
methods of delivering APBI: intra-operative radiotherapy,
multicatheter interstitial brachytherapy and conformal
external beam radiotherapy. APBI treatment provides a
relatively shorter period of treatment as compared with
WBI. This study will closely examine the APBI technique
of multicatheter interstitial brachytherapy.
Purpose: To show that ultimately it is possible to
reduce the total duration of treatment and evaluate the
advantages of multicatheter interstitial brachytherapy
as compared with WBI based on cosmetic results, side
effects, time span for completion of radiotherapy course
and patient’s care of convenience.
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Materials and Methods: Post-lumpectomy patients were
selected based on a criteria set. The technique comprises
inserting multiple, exible after-loading catheters into
the breast tissue, which surrounds the post-lumpectomy
cavity prior to radiotherapy. Three-dimensional
planning is constructed using the central treatment
planning system based on computerized tomography
(CT) images acquired post insertion. Ten brachytherapy
sessions were delivered with Iridium-192, a radioactive
source, housed in a high-dose rate (HDR) after-loader.
Treatment was delivered twice a day over a duration of 5
days. Major Obstacles: Insertions of exible after-loading
catheters are done under moderate sedation instead
of general anesthesia such that patients needed to be
comfortably immobilized. Initially, there were dif culties
in ensuring patient’s comfort during insertion due to less
suitable immobilization gadgets. Hence, improvements
on immobilization gadgets are made to maximize
patient’s comfort. Second, we had dif culties recruiting
patients for the study due to patients opting for WBI
rather than APBI due to the cost and the perceived fear
of the multiple catheters.
Conclusion: APBI in the form multicatheter interstitial
brachytherapy is practical and has multiple advantages
over WBI. It is able to significantly lessen the total

duration of treatment time, reduce skin dose as well
as render better patient care. Nevertheless, more
recruitment of patients is needed to substantiate the
results.
S-0070

The Physics and Dosimetry of APBI –
Accelerated Partial Breast Irradiation
Tan Poh Wee
Radiotherapy Centre, National University Cancer Institute
(NCIS), National University Hospital, Singapore
S-0071

ECG-Gated vs Non-ECG-Gated
Whole-Aorta CT Angiogram
Liang Chong Ri
Department of Diagnostic Imaging, National University
Hospital, Singapore
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