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Keynote 1
Uncovering Novel Biomarkers for Next Generation Theranostics
Sunghoon Kim*
Medicinal Bioconvergence Research Center (BIOCON)
College of Pharmacy, Graduate School of Convergence Technologies
Seoul National University, Korea
sungkim@snu.ac.kr
Aminoacyl-tRNA synthetases (ARSs) are the enzymes essential for protein synthesis. However, these enzymes
play multiple roles in various cellular locations to control various signaling pathways. Among many functions,
specific ARSs are rapidly secreted out of the cells in response to stresses and pathologic challenges. For instance,
tryptophanyl-tRNA synthetase (WRS) is secreted from monocytes upon bacterial infection to trigger innate
immune responses while glycyl-tRNA synthetase (GRS) is secreted from macrophages when the cells are
challenged by cancer cells. Lysyl-tRNA synthetase (KRS) is released from cancer cells via exosomes to attract
macrophages. This behavior of ARSs can be used as early liquid biomarkers that indicate the emergence of
specific diseases. Besides, some ARSs are specifically up or downregulated depending on the status of the cells
that can be also used as cytologic biomarker for diseases. In this lecture, clinical development of specific ARSs
as novel disease biomarkers will be introduced.

Keynote 2
Practical Applications and Future Prospects of Radiotheranostics
Michael S. Hofman*
Molecular Imaging and Nuclear Medicine Therapeutics, Peter MacCallum Cancer Centre, Melbourne,
Australia; Sir Peter MacCallum Department of Oncology, The University of Melbourne, Melbourne, Australia
michael.hofman@petermac.org @DrMHofman
Theranostics is arguably the first targeted therapy in modern oncology. The use of radioactive iodine for the
imaging and therapy of thyroid cancer provides a template for personalised treatment of metastatic solid organ
malignancies. Radio-iodine has ideal characteristics for theranostics with extraordinary uptake into thyroid
cancer tissue and minimal background activity. The principles and advances over the last 75 years of research in
using radio-iodine therapy are broadly applicable to modern theranostics.
Advances in radiochemistry are now heralding a new era of nuclear medicine theranostics. This is exemplified
by the application of peptide receptor radionuclide therapy (PRRT) for treating patients with advanced
neuroendocrine tumours. Using radiolabelled somaostatin analogues for imaging and therapy was pioneered in
the 1990s although the breakthrough occurred with adoption Lutetium-177-DOTA-Octreotate and later Gallium68-DOTA-Octreotate PET in the early 2000s. PRRT has striking efficacy and low toxicity, but nevertheless, has
only recently been recognised by the mainstream oncology community. Only this year - in 2019 - the American
Society of Clinical Oncology (ASCO) has named PRRT as one of the top 5 advances of the year. In this lecture,
we will explore some of the reasons it has taken almost two decades for this to occur.
In the last five years, the principles and practice of theranostics in neuroendocrine tumours has been directly
transferred to treatment of patients with metastatic prostate cancer by targeting prostate specific membrane
antigen (PSMA). Similar to the PRRT, this treatment uses small molecules rather than an antibody approach,
with striking activity and low toxicity observed. PSMA Theranostics is currently being evaluated in randomised
controlled trials and the results are likely to make it a “mainstream” therapy and multi-billion dollar industry
within the next couple of years.
The recent success of theranostics in neuroendocrine and prostate cancer opens has already triggered increased
interest by our oncology colleagues and industry. Targets on a wide range of tumours are being explored and
with further research and investment it is almost certain to result in new therapeutic options for our patients in a
wide range of tumours. Our multidisciplinary field of chemists, pharmacists, physicists and physicians must
embrace this opportunity and work collaboratively with our medical oncology and radiation oncology colleagues
to advance the field. There is much room to improve existing and new theranostic therapies through optimisation
of administered radioactive, cycling time and using beta, alpha and Auger-emitter approaches. Combination of

theranostic therapy with other therapies including radiosensitisers and immunotherapy will also play a key role
in further improving patient outcomes.

Keynote 3
Radiohybrids: A Groundbreaking New Theranostics Tracer Concept
Hans-Jürgen Wester*
Chair of Pharmaceutical Radiochemistry, Technical University Munich, Germany
h.j.wester@tum.de
With the aim to produce 18F-labeled peptide and peptide-like radiopharmaceuticals in the same fast and efficient
manner as established for radiometal complexation, a novel class of radiopharmaceuticals, named radiohybrids
(rh), have been developed. A unique feature of radiohybrids is that both, fluorine and a metal, are always present
in the ligand, but only one of them is radioactive. Thus, on one hand, radiohybrids can be used as diagnostic (e.g.
18F/Ga or F/68Ga) or ´true´ theranostic twins (e.g. F/177Lu or 18F/Lu). An overview is given on the
radiopharmaceutical development, the preclinical and clinical development and the production of diagnostic and
therapeutic radiohybrids.

Keynote 4
Intelligence-based vs Evidence-based: How AI will Shape the Future of Theranostics to Achieve True
Personalized Medicine
Anthony Chang*
BAMF Health, USA
Anthony.Chang@BamfHealth.com

Keynote 5
Personalized Cancer Therapy: From Innovation to Implementation using Theranostics and Precision
Oncology
Richard P. Baum*
THERANOSTICS Center for Molecular Radiotherapy and Precision Oncology, ENETS Center of Excellence,
Zentralklinik Bad Berka, Germany
richard.baum@zentralklinik.de
ENETS Center Bad Berka
In our hospital (certified as ENETS Center of Excellence since 2011), a multidisciplinary team of experienced
NET specialists is responsible for the management of NEN patients (over 1200 patient visits per year). Patient
selection for PRRT is based on the Bad Berka Score (BBS) which takes into account clinical aspects and molecular
tumor features. Between 1999 and December 2018, 1584 patients (age 4-86 years) received PRRT using 90Y, 177Lu,
213
90

Bi, or 225Ac SSTR ligands. A total of 5882 PRRT cycles were performed. The use of a combination of 177Lu and

Y (DUO PRRT) or finally 225Ac takes this heterogeneity into account. Our group pioneered the systematic use

of DUO PRRT in sequence (and concurrently) as well as intra-arterial PRRT and the diagnosis and treatment with
SSTR antagonists which opens new horizons.
Lu-177 PSMA Radioligand Therapy (PRLT)
Between February 2013 and December 2018,

Lu-PSMA (I&T and 617) PRLT was performed in 321 patients

177

(mean age 71 ± 7.4 years, mean Gleason score 8 ± 1) with progressive prostate cancer. Previous treatments
included surgery (n=202), androgen deprivation therapy/ADT (n=295), radiotherapy (n=227), chemotherapy
(n=149) and other interventions (n=42). A total of 988 cycles of 177Lu-RLT were administered (mean dosage/cycle
was 6.71 GBq). Any PSA decline was observed in 188/265 (71%), best response was biochemical complete
remission (PSA=0.0 ng/ml). Decrease in PSA by more than half was seen in 136 (50%) patients. Median
progression-free survival (according to RECIST 1.1) was 9.8 months. Median overall survival (at 61 months
follow-up) was 30.9 months. In general, the patients tolerated the 177Lu-PRLT treatment very well with no severe
acute or long-term side effects (observation period 64 months). There was no grade 5 toxicity and very few cases
with G4 toxicity.
Targeted Alpha radioligand therapy (ART)
The feasibility, toxicity and efficacy of ART in end-stage, mCRPC, having progressed under 177Lu-PSMA RLT,
were evaluated in a pilot study in 10 patients with 213Bi-PSMA-617. Since February 2018, 37 patients have been
treated with

225

Ac-PSMA ART or TANDEM-ART using a combination of

extremely promising and will be presented in more detail.

177

Lu-/225Ac-PSMA. The results are

Conclusions
177

Lu-PSMA RLT is safe (especially no nephrotoxicity was noted without renal protection) and effective with

appropriate selection and follow-up of patients by 68Ga-PSMA PET/CT applying the concept of Theranostics.
Targeted alpha radioligand therapy using 225Ac-PSMA or TANDEM-ART appears to be extremely promising for
Precision Oncology of end-stage metastatic treatment-resistant prostate cancer, progressing under ADT
(including newer antihormonal agents), and chemotherapy as well as after 177Lu-PRLT.
PRRT lends a significant benefit in progression free survival as well as in overall survival in metastasized and/or
progressive NENs as compared to other treatment modalities and regardless of previous therapies. Quality of life
is significantly improved. The combination of 177Lu and/or 90Y, 225Ac (DUO-PRRT) may be more effective than
either radionuclide alone. PRRT should only be performed at specialized centers as NEN patients need highly
individualized interdisciplinary treatment and long term care.
Personalized, targeted molecular radiotherapy of malignant tumors, tailored to the individual patient in a
PRECISION ONCOLOGY setting (including genomics and specific tumor features) is moving from
innovation to implementation in real-world, large patient populations and will be in the mainstream of future
applications for the treatment of cancer.

Keynote 6
Brain Theranostics
Dong Soo Lee*
Nuclear Medicine, College of Medicine, Seoul National University
dsl@snu.ac.kr
Despite the earlier hopes that brain diseases will be comprehended better by PET studies, we could only
understand little of the pathophysiology of the many brain diseases and PET imaging had not yet been used
routinely in clinical situations. Only the cerebrovascular or epilepsy diseases came to be examined with routine
use of acetazolamide brain SPECT or ictal/interictal SPECT/PET, respectively, mostly because these diseases
had definitive therapy on their own such as bypass surgery or hippocampectomy/amygdalectomy. Theranostic
approach to neurodegenerative, neurodevelopmental or major psychiatric diseases will facilitate the introduction
and enhanced use of nuclear medicine practice. However, understanding of endophenotype classification, bloodbrain barrier (BBB), target determination, ignorance of biodistribution after administration, and complex
intercellular communication between brain cells, is the prerequisite before this wish is fulfilled using nuclear
brain theranostics (imaging and therapy). Among these many unknowns, the role of exosomes in intercellular
communication of brain cells, therapeutic effect of graphene quantum dots, and transcriptomics/
epiltranscriptomics approach are the major unknowns and will be explained. They might enhance the possibility
of promotion and thus the desired clinical application of nuclear brain theranostics.

[Scientific Session 1] Current Status of Theranostics
Clinical trials supporting FDA/EMA approval of Lutathera
Tessa Brabander*
Department of Radiology & Nuclear Medicine, Erasmus Medical Center, Rotterdam, The Netherlands
t.brabander@erasmusmc.nl
The approval of 177Lu-DOTATATE by the FDA and EMA for treatment of inoperable or/and metastatic
neuroendocrine tumors made this treatment available for many patients worldwide. However, since the
development of 177Lu-DOTATATE nearly 20 years passed until the final approval. The first patients were
treated in the Erasmus MC in 2000. Up to 2019 more than 1500 patients received this treatment in Rotterdam.
These results and the very long follow-up of these patients created a unique database regarding response and
toxicity. The results of the different studies reported by the group from Rotterdam will be discussed in this
presentation. Off course, the NETTER-1 trial plays a pivotal role in the FDA/EMA approval. This was the first
published phase 3 study, demonstrating the superiority of 177Lu-DOTATATE compared to high-dose octreotide
LAR. In this presentation, both studies will be discussed resulting in the final approval of 177Lu-DOTATATE.

[Scientific Session 1] Current Status of Theranostics
Clinical Experiences with PSMA-1007: Current Status
Kambiz Rahbar*
Department of Nuclear Medicine, University Hospital Muenster, Germany
Kambiz.Rahbar@ukmuenster.de
PSMA targeted positron emission tomographic (PET) imaging has gained a major role in the management of
patients with prostate cancer. The recently introduced 18F-labelled PSMA-1007 is getting more attention due to
the larger activity amount derived from fluorine-18 productions by cyclotrons compared to limited activities of
gallium-68 derived from elutions of 68Ge/68Ga-generators, longer half-life and the higher physical spatial
resolution. Furthermore, the very low urinary activity presented in 18F-PSMA-1007 PET/CT scans seems to be
another advantage, which makes this new imaging pharmaceutical highly interesting for the diagnosis of
recurrent lymph node metastases prostate cancer vs. urinary activity in the ureter or in the differentiation of local
relapse from the urinary bladder. First clinical experiences have shown the potential of this new
radiopharmaceutical in patients with prostate cancer. This lecture will give an overview of the current status of
PSMA targeted imaging using 18F-PSMA-1007 and future perspectives.

[Scientific Session 1] Current Status of Theranostics
Clinical Experiences of 177Lu PSMA Combined or for Other Cancers
Markus Essler*
University Hospital Bonn, Germany
Markus.Essler@ukbonn.de

[Scientific Session 1] Current Status of Theranostics
Future of Theranostics in Germany
Wolfgang A Weber*
Department of Nuclear Medicine, Technical University of Munich, Germany
w.weber@tum.de
During the past 5 years PSMA targeted radionuclide therapy of metastatic, castration resistant prostate cancer
with 177Lu-PSMA-617 and 177Lu-PSMA-I&T as well as 224Ac-PSMA-617 have been introduced into clinical
practice in Germany. So far PSMA targeted therapy is restricted to patients that have progressed after androgen
deprivation, therapy with Abiraterone/Enzalutamide and chemotherapy. In addition to PSMA targeted
radionuclide therapy of metastatic, castration resistant prostate cancer radioguided surgery with 99mTc or 111In
labeled PSMA ligands has shown promise for the treatment of oligometastatic prostate cancer involving only a
limited number of lymph nodes on PSMA PET/CT.
Overall, PSMA targeted therapy of metastatic prostate cancer has been shown to be very well tolerated. With the
current treatment schedule (7.4 GBq every 6 weeks), less than 10% of patients experience grade 3/4
hematotoxicity. Even in the presence of extensive osseous metastases PSMA targeted therapy is generally well
tolerated. Dose escalation, by either increasing the amount of activity per cycle or decreasing the interval
between treatment cycles is therefore the next logical step for the treatment of metastatic prostate cancer.
Another future development is the use of PSMA targeted therapy in early stages of prostate cancer, for example
prior to chemotherapy. However, this will require a randomized clinical trial that compares efficacy and side
effects. While the short-term safety profile of PSMA therapy is excellent, there remain concerns about long-term
toxicity. With repeated therapy cycles renal doses can well exceed 23 Gy. A renal dose of 23 Gy is a wellestablished safety limit for external beam radiotherapy, but a similar dose limit for 117Lu is has so far not been
defined. Preliminary data suggest that the renal dose limit is higher than for external beam radiotherapy due to
the inhomogeneous distribution and low dose rate of the beta-radiation of 177Lu, but no formal limit has been
defined. This will require systematic dose escalation studies as well as dosimetric studies that take into account
the intrarenal distribution of 177Lu. Another important area for future studies are combination therapies, e.g.
Abiraterone combined with PSMA targeted therapy. All these studies become feasible once a 177Lu labeled
PSMA ligand has been approved for treatment of metastatic prostate cancer.
While PSMA tarteted therapy will likely dominate the theranostic applications of Nuclear Medicine in the near
to midterm future, there are several new ligands that have shown promise for future clinical applications. One
example are neurotensin receptor 1 (NTR1) antagonists. NTR1 is a G-protein coupled receptor which is
expressed by several malignanices, including pancreatic adenocarcinomas. Another exciting target is fibroblast
activation protein (FAP) which is expressed highly selectively by activated fibroblasts in the tumor stroma.
Radiolabeled FAP inhibitors, developed at the University of Heidelberg (FAPI-02 and FAPI-04), have shown an
excellent biodistribution in humans and selective uptake by a broad spectrum of malignancies, including breast,

lung and pancreatic cancer. FAP ligands have therefore offer the opportunity for radionuclide therapy of a broad
spectrum of malignancies.

[Scientific Session 1] Current Status of Theranostics
Future Perspectives of Theranostics in USA
Richard Wahl*
Washington University, USA
rwahl@wustl.edu

[Scientific Session 2] Theranostics of Prostate Cancer
Unmet Clinical Needs in Advanced Prostate Cancer
Cheol Kwak*
Department of Urology, Seoul National University Hospital, Seoul, Korea
mdrafael@snu.ac.kr
Introduction: There are the current unmet needs of oncologists in the diagnosis and treatment of men with
advanced prostate cancer namely in the ﬁelds: castration-naive metastatic prostate cancer (mHSPC),
oligometastatic prostate cancer, castration-resistant prostate cancer (non-metastatic M0 and metastatic M1).
Results: The need for local therapy is emerging in mHSPC patients. In the CHAARTED study compared
androgen deprivation therapy (ADT) plus docetaxel versus ADT alone among patients with mHSPC. Patients
with mHSPC and prior local treatment had better overall, progression-free, and cancer-specific survivals
compared to those without prior local treatment. There are various clinical trials for good the oncologic
outcomes of M0/M1 HSPC for good oncologic outcomes. In GETUG-15, CHAARTED and STAMPEDE trials
for mHSPC patients, the addition of docetaxel was associated with improved overall survival (OS) (HR: 0.73;
95% CI, 0.60–0.90; p = 0.002), with nonsignificant heterogeneity among the three trials. In subgroup analysis
with high-volume and low-volume disease in the GETUG-15 and CHAARTED trial, the HR for the addition of
docetaxel to ADT was 0.67 (95% CI, 0.51–0.88) in patients with high-volume disease and 0.80 (95% CI, 0.49–
1.32) in patients with low volume disease. There was strong evidence of a survival advantage in the combination
of ADT and abiraterone group, with a 3-year survival of 83% as compared with 76% in the ADT-alone group
(HR, 0.63; 95% CI, 0.52 to 0.76; P<0.001). In diagnostic imaging to evaluate metastatic spread to lymph nodes
for advanced prostate cancer, the conventional methods such as CT or MR or BS had low sensitivity. For
diagnosis and staging, choline-based and PSMA ligands with labeled with radionuclides PET/CT. M0 CRPC
treatment options for better outcomes are also discussed. In PROSPER trial, the median metastasis-free survival
was 36.6 months in the enzalutamide group versus 14.7 months in the placebo group (HR, 0.29; 95% CI, 0.24 to
0.35; P<0.001). In SPARTAN trial, the median metastasis-free survival was 40.5 months in the apalutamide
group as compared with 16.2 months in the placebo group (HR, 0.28; 95% CI, 0.23 to 0.35; P<0.001). Docetaxel
rechallenge following progression to mCRPC after upfront ADT plus docetaxel was active only in a limited
number of patients. Available data on abiraterone and enzalutamide support maintained efficacy in this setting.
The lack of standardized therapeutic protocols for men developing mCRPC limits the comparability between
patients. The diagnostic and therapeutic approaches using PSMA ligands labeled with therapeutic radionuclides
such as lutetium-177 and gallium-68 are being tried. The ALSYMPCA trial demonstrated a 3.6-month
improvement in OS for radium-223 versus placebo in mCRPC patients. Immunotherapy has become an
important cancer treatment modality, the FDA approvals of sipuleucel-T and ipilimumab began a new wave.
Conclusions: Although various diagnostic and therapeutic approaches have been made for the progression of
prostate cancer, there is still no optimal diagnostic method and treatment.

[Scientific Session 2] Theranostics of Prostate Cancer
Targeting non-cullin neddylation to combat neoplastic and metabolic diseases
Yang-Sook Chun*
Department of Physiology and Biomedical Science, Seoul National University College of Medicine, Korea
chunys@snu.ac.kr
Neddylation is a cellular process that covalently conjugates substrate proteins with the small ubiquitin-like
molecule NEDD8 through sequential steps like ubiquitination. Neddylation regulates the stability and function of
the proteins, thereby promoting or suppressing cancers. We performed neddylomics to find the role of
neddylation in cancer. We interestingly found neddylation of PPAR-r which drives adipocytes differentiation.
Robustly induced NEDD8 during early adipogenesis triggers neddylation and stabilization of the PPAR-r.
Neddylation inhibition inhibited adipogenesis and obesity. Second story is the role of neddylation in cancer.
HIF- s are master molecules for hypoxic adaptation in cancer. Neddylated HIF-1 was stabilized under either
normoxia or hypoxia by ROS. Therefore, we conclude that NEDD8 is an ancillary player to regulate tumor
growth by the HIF signaling. Finally, I will talk about the role of neddylation in cancer metastasis. A proteomic
screening revealed that caveolin is neddylated. Neddylation block increased prostate and GBM cell migration in
concert with increased caveolin phosphorylation. Recently, it was demonstrated that a neddylation inhibitor
MLN4924 stimulated tumor-sphere formation, stem cell differentiation, and wound healing. Given this report,
we here investigated how the neddylation blockade promotes invasion and metastasis in lung cancer. We found
that C-CBL acts as an E3 ligase for neddylation of the oncogene c-Src. After being neddylated, c-Src is polyubiquitinated and degraded through the proteasome. When the neddylation is blocked, c-Src becomes stabilized
and phosphorylated, which stimulates cell migration. In human lung cancer tissues, the down-regulation of CCBL was found to be associated with phosphorylation of c-Src, cancer metastasis, and poor survival of patients.
Therefore, C-CBL is likely to play a tumor suppressive role by antagonizing a robust oncogenic signaling driven
by c-Src. This study provides a new insight about the role of neddylation in cell migration and cancer metastasis.
In conclusion, neddylation process can be a novel weapon to combat stem cell differentiation related diseases
and cancer.

[Scientific Session 2] Theranostics of Prostate Cancer
Simplest Glu-Urea-Lys (EuK) for PSMA
Yun-Sang Lee*
Seoul National University, Korea
wonza43@snu.ac.kr
Glu-Urea-Lys (EuK) derivatives have been reported as potential prostate-specific membrane antigen (PSMA)
targeting agent. Large numbers of radiolabeled-PSMA ligand have been developed and reported in last decade,
here we developed the simplest structure of EuK derivative for 68Ga, 177Lu or 225Ac labeling and tested their
feasibility as PSMA imaging agents after the labeling. Biodistribution and animal imaging studies were
performed using 22Rv1-xenograft BALB/c nude mice. In conclusion, we successfully synthesized radiolabeled
EuK derivatives for prostate cancer imaging and showed the feasibility of potential PSMA targeting
radiopharmaceutical.

[Scientific Session 2] Theranostics of Prostate Cancer
Theranostic Agents for Targeting PSMA: Development of F-18 and Alpha/Beta Emitters
Byoung Se Lee1 and Dae Yoon Chi1,2*
1

FutureChem Co., Ltd., Seoul 04782, Korea, 2 Department of Chemistry, Sogang University, Seoul 04107,
Korea
dychi@sogang.ac.kr

PSMA is a key molecular target in the diagnosis and treatment of prostate cancer. For diagnostic imaging with
PET, F-18 and Ga-68 radionuclides are the leading imaging agents, with F-18 labeled PSMA ligands being the
better candidate for mass production over that of Ga-68. However, when metal radionuclide PSMA ligands gain
a metal chelate such as NOTA, DOTA, etc., Ga-68 PSMA ligands also become a strong contender. For
treatment, radionuclide therapy using α/β-radioisotopes has garnered immense attention in the race to cure
prostate cancer since the last two decades, especially Ac- 225 and At-211 for α -therapy, and Lu-177 for βtherapy.
The aim of this study is to find compounds that strike a balance between high binding affinity and stable
pharmacokinetic properties. The literature on PSMA-PET tracers points to a significant inverse relationship
between binding affinity to PSMA and pharmacokinetic properties. Our strategy for the development of
diagnosis and therapeutics PSMA ligand is to reduce non-specific binding by increasing polarity, and increase
binding affinity.
As non-specific binding raised severe side effects such as damaged salivary glands, lachrymal glands, and
kidneys in radionuclide therapy, the next generation of metal radionuclide PSMA ligands should have improved
pharmacokinetic properties. Many studies in PRRT (Peptide Receptor Radionuclide Therapy) are underway by
modulating albumin-binding properties to increase therapeutic effects. We have applied this modulation to
develop a series of novel metal radionuclide PSMA ligands.
Micro PET using one of these new PSMA ligands, 18F-FC303, showed high and specific uptake in PSMA
positive tumor, coupled with rapid renal clearance. The development of metal radionuclide PSMA ligands for
therapy will be presented, along with the first human study of 18F-FC303.
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[Reports 1] Current Status of Asia
Theranostics in Korea
Keon Wook Kang*
Department of Nuclear Medicine & Cancer Research Institute, Seoul National University College of Medicine,
Seoul, Korea
kangkw@snu.ac.kr
Neuroendocrine tumors (NET) are rare tumors that occur in about 200 cases per year in Korea. Nuclear medicine
treatments for NET with radioisotope labeling on the somatostatin receptor targeting peptide (peptide receptor
radionuclide therapy; PRRT) were conducted in Europe, Australia, and other countries for over 10 years. PRRT
targeting somatostatin receptor using Lu-177 DOTATATE can be pre-screened for eligible patients to be
effective by confirming the expression of somatostatin receptor on tumors using Octreoscan or Ga-68
DOTATOC PET/CT prior to treatment. Ga-68 DOTATOC PET/CT, which is used as a screening test for high
expression of somatostatin receptor, is now available in Korea since 2016. However, PRRT was performed only
in some countries where the compassionate use of therapeutic drugs is allowed. Advanced Accelerator
Applications (AAA) conducted a multinational clinical trial with the Lu-177 DOTATATE treatment (LutaThera)
as an orphan drug. It was listed as a new drug in Europe and the US since 2018. However, PRRT is not
permitted for clinical use in Korea. Patients have to be sent to Germany, Malaysia, and other countries for
treatment. I sent over 50 NET patients to Malaysia for PRRT, either Lu-177 DOTATATE or Y-90 DOTATATE.
After pre-screening by Ga-68 DOTATOC PET/CT, patients travel to Malaysia and received a cycle of PRRT
and SPECT/CT imaging while staying at Beacon Hospital. When the patients returned to Korea, I checked their
blood labs and decided to send them for the next cycle. They received 3 to 6 cycles of PRRT. On the other hand,
a PRRT targeting PSMA expressed prostate cancer has been developed and is undergoing multicenter trials in
Europe, USA and Australia. Korea is also preparing clinical trials.

[Reports 1] Current Status of Asia
Theranostics in Japan
Seigo Kinuya*
Department of Nuclear Medicine, Kanazawa University, Japan
kinuya@med.kanazawa-u.ac.jp
Targeted radionuclide therapy (TRT) has been one of major interests in the nuclear medicine
community because of its efficacy and its theranostic feature in the era of precision medicine. The demand for
TRT has been also growing rapidly among physicians in many fields of not only thyroid diseases but of
neuroendocrine tumors, prostate cancer, etc. Consequently, the number of presentations at the occasion of
international conferences has increasing every year.
Although introduction of new TRT has not been going well in Japan for decades due to several
reasons including strict regulations, shortage of facilities for TRT, insufficient reimbursement for TRT in clinic,
and so on. Then the situation has gradually moving forward.
In these 10 years, the Japanese Society of Nuclear Medicine, JSNM, had discussions on issues of TRT
using various platforms in the Society such as the working group for alpha emitters established in 2009 and the
strategy meeting group for TRT established in 2012. We met many officials at the Ministry of Health, Labour
and Welfare (MHLW) and the Nuclear Regulatory Authority. Voices of patients are incorporated in the strategic
group named the National Conference for Nuclear Medicine Theranostics in which nuclear medicine physicians,
scientists, people supporting patients and industrial people gather.
With these circumstances, company-oriented phase 1/2 clinical trials are currently running for 131IMIBG and 177Lu-DOTATATE, and the introduction of 68Ga/177Lu-PSMA has been vigorously discussed. Phase 1
clinical trial was initiated at the National Research Institute for Cancer for 64Cu-ATSM which targets hypoxic
tissues. Development of 211At-MABG, an alpha emitter substitute for 131I-MIBG, is going on at the National
Institute of Radiological Science which will be transferred for clinical trial to Fukushima Medical University
where GMP-certified facility for radiopharmaceuticlas and medium-size cyclotron of capacity to produce enough
amount of 211At for clinical use. In addition, phase 1/2 clinical trial of a new radiopharmaceutical developed
domestically is planned to be initiated.
Perhaps the most important thing for the development of TRT is how we can work together with the
Government as found in EU, US, Australia and Canada. In Japan, the preparatory committee for the
establishment of Japan Foundation of Medical Isotope Development (JAFMID) was launched on October 1,
2018 lead by Prof. Jun Hatazawa, the President of JSNM. The idea of JAFMID is recognized by the officials of
MHLW. Those of Ministry of Economy, Trade and Industry, Ministry of Education, Culture, Sports, Science
and Technology, Nuclear Regulatory Authority and companies/institutions which run nuclear reactors are
expected to join the discussion for the domestic production of radioisotopes for medical use.

TRT is a real form of precision medicine. We can obtain precise information on confirmation of
targeting of therapeutics, target quantification (dosimetry), prediction of therapeutic response, efficacy
assessment, and possible adverse reaction. We can use these data to determine patient eligibility for therapy,
performing precision medicine. I would like to call this “Precision Nuclear Medicine”. When we can add
genomic information here, we can put it to new stage of cancer therapy. It is time for us.

[Reports 1] Current Status of Asia
Theranostics in China
Feng Wang*
Nanjing Medical University, China
fengwangcn@hotmail.com

[Scientific Session 3-1] Next Generation Theranostics (from Chemists' Point of View) - Novel Targets and
Probes
Instant Kit-type Labelling Chemistry for 68Ga, 44Sc, 177Lu
Frank Rösch*
Institute of Nuclear Chemistry, Johannes Gutenberg-Universität Mainz, Germany
froesch@uni-mainz.de
The importance of 68Ga in PET has increased due to the availability of 68Ge/68Ga generators. In parallel, the
introduction of the 44Ti/44Sc generators has stimulated interest in the longer-lived positron emitter 44Sc. In a
theranostics philosophy, particle emitters such as 177Lu are increasingly used clinically for therapy.
In PET/CT applications, the two trivalent positron emitters 68Ga and 44Sc, but also the trivalent therapeutic
radioisotope 177Lu must be complexed by adequate chelators. The corresponding bifunctional derivatives (BFC)
are conjugated covalently to peptides, proteins, inorganic molecules or nanoparticles. High thermodynamic
stability and kinetic inertness is an important characteristic for those BFCs. In many cases, designing BFCs that
are capable of “instant kit”-type labelling are of increasing interest. Quantitative labelling at room temperature in
short periods of time and with minimal amounts of labelling precursors would offer significant advantages in
daily production regimes. It may avoid purification steps and would make automated modules obsolete in
analogy to most of the routine 99mTc-labelling protocols.
Despite of cyclic NOTA derivatives, which are known for some cases to function at room temperature, there is a
number of new acyclic and hybrid chelators, which definitely allow high yield labelling at room temperature
already with lowest amounts of precursors. Typical examples are Schiff base ligands and THP derivatives,
AAZTA and DATA chelators and others.
The new BFCs have been adapted to both new and established cancer-targeting vectors such as bisphosphonates,
octreotides, PSMA and proteins, to in vivo-click moieties and nanoparticles. The lecture will describe the new
chelators and their labelling profiles at room temperature as well as initial translational “bench to bed-side”
research with radiopharmaceuticals based on those new chelators.

[Scientific Session 3-1] Next Generation Theranostics (from Chemists' Point of View) - Novel Targets and
Probes
Image-guided Therapy: Development of Oncologic and Non-oncologic Agents
Henry VanBrocklin*
Department of Radiology and Biomedical Imaging, University of California San Francisco, USA
Henry.Vanbrocklin@ucsf.edu
Image-guided therapy is one of family of terms including image-guided drug delivery, theranostics,
pharmacodiagnostics and companion diagnostics, among others, that describe the application of diagnostic tools
to identify patients that may benefit from a therapeutic intervention. Additionally, these tools may be used to
assess controlled therapeutic delivery, monitor treatment response and provide dose information to improve
treatment safety and efficacy. Imaging with radioactive isotopes to assess the delivery of targeted chemo- or
radio-therapeutics offers a highly translatable approach to qualitatively or quantitatively assess the deposition of
the therapeutic in the desired tissues as well as characterize off-target localization. Three approaches currently
being investigated in our laboratory will be highlighted. The first example involves direct radiolabeling of a
small molecule HIV integrase inhibitor to evaluate pharmacokinetic parameters in HIV patients. The second
comprises tagging a biologic, anti-TNF antibody fragment, with an appended radioisotope to visualize
targeted delivery and identify rheumatoid arthritis patients with the specific biological target. Lastly,
development of a PEG-polymer drug delivery vehicle that passively accumulates in tumors and carries a chemoor radio-therapeutic payload. Image-guided approaches enable the visualization of delivery of therapeutics to the
diseased tissue. While delivery does not always directly equate to robust response, target localization of the
therapy is a huge step towards successful patient outcomes.

[Scientific Session 3-1] Next Generation Theranostics (from Chemists' Point of View) - Novel Targets and
Probes
Potential Use of Hypoxia and Thymidine Phosphorylase Imaging Probes for Theranostics
Yuji Kuge*
Central Institute of Isotope Science, Hokkaido University, Sapporo, Japan
kuge@ric.hokudai.ac.jp
Theranostics means a close combination of diagnostics and therapy. Application of radiopharmaceuticals for
theranostics has recently gained increasing interest, particularly in oncology areas. The use of
radiopharmaceuticals for theranostics can be divided into two categories: 1) a diagnostic imaging essential for
cancer therapy (companion imaging for cancer therapy) and 2) a combination of diagnostic imaging and internal
radiation therapy with radiopharmaceuticals for the same target molecule (radiotheranostics). In this symposium,
I will talk about potential use of hypoxia and thymidine phosphorylase imaging probes for theranostics:
A)

Hypoxia probes

Hypoxia is a common feature of malignant tumors, which is associated with tumor progression and treatment
resistance. In this sense, hypoxia imaging may play an important role for predicting treatment efficacy and
developing treatment strategy. For example, hypoxia imaging may identify radioresistant regions that can be
targeted for dose escalation, leading to suitable planning of radiation therapy. Also, hypoxia imaging may be
used as a companion imaging for cancer chemotherapy. For example, Eribulin, an inhibitor of microtubule
dynamics, can induce remodeling of tumor vasculature through a novel antivascular activity and improve tumor
hypoxic condition. Hypoxia imaging may be applicable to assess the responses to the Eribulin treatment. Here, I
will talk about our recent studies on “PET Imaging of Hypoxia”, focusing on its roles as a companion imaging
for radiation therapy and chemotherapy. I will also introduce recent studies on the potentials of hypoxia as a
target for radiotheranostics.
B)

Thymidine Phosphorylase probe

Thymidine phosphorylase (TP) catalyzes the reversible phosphorolysis of thymidine to thymine and 2deoxyribose-1-phosphate. TP expression correlates well with tumor malignancy, including infiltration,
metastasis, and overall poor survival. Moreover, TP is essential for the bioactivation of 5-fluorouracil and its
prodrugs, including doxifluridine and capecitabine. Accordingly, in vivo imaging of TP activity would contribute
not only to the estimation of tumor malignancy but also to the prediction of prognosis after treatment with thefluoropyrimidine-based anticancer drugs. In these regards, we designed and synthesized a radiolabeled uracil
derivative, I-123-labeled 5-iodo-6-[(2-iminoimidazolidinyl)methyl]uracil ([123I]IIMU) as a novel SPECT probe
for TP imaging. In this symposium, the potential use of [123I]IIMU as a companion imaging for the treatment
with the- fluoropyrimidine-based anticancer drugs and the potential application of the 131I- or 211At-labeled
compounds to radiotheranostics will be discussed.

[Scientific Session 3-1] Next Generation Theranostics (from Chemists' Point of View) - Novel Targets and
Probes
Imaging of the Third Gasotransmitter
Jae Min Jeong*
Seoul National University College of Medicine, Korea
jmjng@snu.ac.kr
Tc-Gluconate, 99mTc-glucoheptonate and 99mTc-glucarate were applied for imaging myocardial

99m

ischemia, cerebral ischemia, inflammation, hypoxia, and cancer. Especially, 99mTc-glucoheptonate was called as a
“poor men’s FDG” because of its usefulness in various cancer imaging. However, their imaging mechanism was
not clear. Some researchers proposed that they can be transported by glucose transporter due to the similarity of
the chemical structure with fructose. However, this theory cannot explain why they don’t show high uptakes in
normal brain and myocardium. We proved that 99mTc-gluconate, 99mTc-glucoheptonate and 99mTc-glucarate are
imaging agents of the tissues generating endogenous H2S. These agents formed insoluble fractions after reaction
with endogenous H2S and precipitate on site. Then, the H2S-generating tissue could be imaged. H2S is known as
the third gasotransmitter which is produced endogenously in inflammation, hypoxia, and various cancers. Thus,
various molecular imaging technologies such as fluorescence or luminescence imaging have been developed to
image endogenous hydrogen sulfide. However, these technologies were applicable only to cells or very small
animals such as zebrafish. Recently, 64Cu-cyclen was reported as the first radiotracer for imaging endogenous
hydrogen sulfide. 64Cu-cyclen is a weak chelate and 64Cu is easily dechelated and react with endogenous H2S to
form insoluble 64CuS. The insoluble 64CuS will precipitate on site and then the H2S-generating tissue can be
imaged by PET. However, 64Cu is not readily available in clinical field. The discovery of 99mTc-labeled H2S
imaging agents will trigger extensive studies of H2S-related diseases and clinical applications. . In addition, most
of the previous studies were conducted more than 20 years ago using old-fashioned planar gamma cameras with
low resolution and sensitivity. If studies were performed using modern SPECT/CT with high resolution and
sensitivity, H2S imaging might be proved to be much more useful for the diagnosis of various diseases and
clinical applications.

[Scientific Session 3-2] Next Generation Theranostics (from Chemists' Point of View) - Alpha Emitters
Precision Treatment: Production of Alpha Emitters for targeted therapies to kill cancer Cells
Cathy S. Cutler*, Dmitri Medvedev, L. Mausner, M. Garland, K. John
Brookhaven National Laboratory, USA
ccutler@bnl.gov
Cancer. It’s still a dreaded diagnosis. First there’s the fear of the disease itself, then the daunting prospect of
treatment—with uncertainty about effectiveness and an array of unpleasant and sometimes debilitating side
effects. Now, thanks to advances in basic physics, chemistry, and biochemistry, there are new tools that offer
hope of more effective and less destructive treatments. This talk will offer insight into production of alpha
emitters for targeted radioisotope treatments.
Radioisotopes—radioactive forms of chemical elements—can also be incorporated onto molecules specifically
designed to deliver lethal doses directly to cancer cells. Though particle accelerators or reactors are required to
make these radionuclides, patients wouldn’t have to travel to where the accelerators are for treatment. Among
the most promising radioisotopes for cancer treatment are those that emit energetic alpha particles. Alpha
particles pack a potent punch but travel a very short distance in human tissue. Attaching alpha-emitting isotopes
to molecules immunologically designed to bind to receptors on cancer cells delivers a highly specific, lethal dose
while minimizing damage to healthy surrounding tissue. One challenge is producing enough of these isotopes for
large-scale clinical trials and treatment. Many medical isotopes—including hard-to-produce alpha emitters—
require the operation of high-energy particle accelerators or nuclear reactors, so isotope production often occurs
using the infrastructure and expertise of fundamental physics research programs. This talk will describe how
physics research facilities are working to meet the critical need for these isotopes.

[Scientific Session 3-2] Next Generation Theranostics (from Chemists' Point of View) - Alpha Emitters
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Pb/203Pb Theranostics: A promising approach to image-guided alpha-particle therapy for cancer.
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Receptor-targeted image-guided radionuclide therapy is emerging as an exciting approach to treating cancer. In
particular, the potential for clinical translation of receptor-targeted alpha-particle (α-) therapy is receiving
considerable attention; and several recent works have highlighted the potential advantages of α-therapy. Alpha
emitters are emerging as an attractive alternative (to β-emitters) due to higher linear-energy transfer (LET) (100
keV/µm) and resultant-significant increase in the intensity of ionizations (primary and secondary) along the
relatively short path length that α-particles travel in tissue (compared to β-particles). In this context, the
combination of elementally-matched isotopes 203Pb (SPECT imaging) and 212Pb (alpha-particle therapy)
represents a particularly promising approach to alpha-particle based theranostics for cancer patient care. Recent
publications highlight potential for adapting current production systems for automated radiopharmaceutical
synthesis for clinical applications and demonstrate the potential for the use of 203Pb SPECT imaging for patient
dosimetry and selection. Introduction of a new metal chelator that is optimized for room temperature
radiolabeling of Pb isotopes further enhances the potential for 203/212Pb labeled radiopharmaceuticals. In addition,
emerging clinical imaging evidence is demonstrating the potential of 203Pb SPECT as a tool for patient
dosimetry. The potential advantages of 203Pb for this application lie in straightforward cyclotron-based
production and in a relatively long half life (52 h), which facilitate centralized manufacturing and distribution of
203

Pb based radiopharmaceuticals and/or kits. Similarly, the half life of 212Pb (10.64 h) is particularly well-suited

for use with peptides, small molecules, and other receptor-targeted ligands that possess relatively fast
pharmacokinetics. In addition (and in contrast to other radionuclides proposed for radionuclide therapy; e.g.,
225

Ac), supply of needed radionuclide precursors for the preparation of 212Pb generators can be readily extracted

chemically from multiple sources, which suggests that expansion of current supplies for production of 212Pb
generators can proceed rapidly as clinical applications expand to larger trials. In addition, 212Pb generator
effluent can be obtained free of long-lived radionuclidic impurities routinely. Thus, 212Pb/203Pb are emerging as
an exciting theranostic pair for image-guided alpha-particle targeted radionuclide therapy for cancer.

[Scientific Session 3-2] Next Generation Theranostics (from Chemists' Point of View) - Alpha Emitters
The Heidelberg Series of Glu-ureido based PSMA Tracers: Adaption of Chemical Structure to Clinical
Indication
Klaus Kopka*
Full Professor, Head, Division of Radiopharmaceutical Chemistry, German Cancer Research Center (DKFZ),
Heidelberg, Germany
k.kopka@dkfz.de
The Heidelberg Series of low-molecular weight PSMA-targeted peptidomimetics consist of the Glu-ureido based
tracers PSMA-11, PSMA-617 and PSMA-1007 [1-3]. Lately, a dual-labeled analog of PSMA-11 bearing
additionally the fluorochrome IRDye800CW has been preclinically evaluated by our group and its clinical
translation for intraoperative fluorescent light-guided surgery of PSMA-positive lymph node metastases of
prostate cancer (PCa) patients after PET prestaging with the 68Ga-labeled version is expected soon [4]. In
contrast to other approaches each of the Heidelberg Series tracers was chemically designed separately and
clinically introduced dependent on their clinical need, that is to say, the tracers have been individually developed
for non-invasive PET/CT or PET/MRI imaging ([68Ga]PSMA-11 and [18F]PSMA-1007), for radioligand-assisted
therapy or endoradiotherapy ([177Lu]PSMA-617 and [225Ac]PSMA-617), and for robot-assisted fluorescenceguided dissection of soft tissue metastases of PCa ([68Ga]Ga-PSMA-HBED-CC-IRDye800CW). Moreover,
within the Heidelberg Series of PSMA-targeted compounds the exclusive diagnostic tracer PSMA-11 functioned
as lead structure for the design of the theranostic variant PSMA-617. Then PSMA-617 served as lead structure to
develop PSMA-1007 back into an exclusive diagnostic PET tracer. Again PSMA-11 was used as lead structure
to finally design PSMA-HBED-CC-IRDye800CW for fluorescence imaging during intraoperative surgery. This
means that our hypothesis of radiopharmaceutical drug development rather orientates at the clinical indication
that is addressed. In other words, not only one and the same molecule is needed to cover every prostate cancer
associated clinical indication at one and the same time, including imaging and therapy of late stage PCa, imaging
of primary PCa, imaging of local relapse, or surgery of local oligometastases. Rather the individual tracers
PSMA-11, PSMA-617, PSMA-1007 and PSMA-HBED-CC-IRDye800CW were chemically designed for a
corresponding individual clinical indication. As a consequence, to give an example, our group started an
initiative to transform the diagnostic tracer PSMA-11 into the theranostic variant PSMA-617, which can also be
radiolabeled with the therapeutically relevant trivalent radiometals 177Lu for beta-therapy [5] and 225Ac for alphatherapy [6], in addition to 68Ga. Of 18 DOTA conjugates with optimized linker moieties between the Glu-ureaLys–binding motif and the DOTA chelator, PSMA-617 was identified as best candidate for translation to clinical

settings [2]. PSMA-617 is currently the main candidate for endoradiotherapy of PCa, i.e. PSMA-RLT (see also
multicenter VISION trial phase-III, Endocyte Inc.). Because of the large numbers of patients and the hitherto
limited capacity for the production of the radiometal-based PET tracer [68Ga]PSMA-11, there was also a need for
18

F-labeled PSMA ligands. With PSMA-617 as the lead structure, the PET tracer [18F]PSMA-1007 was

developed by our group [3,7]; this agent is an ideal and promising 18F-labeled PSMA inhibitor for prostate PET
imaging [8]. The clinical potential of this novel PSMA-targeted PET radioligand has been proved in comparison
to the promising 18F-tracer [18F]DCFPyL [9]. [18F]PSMA-1007 has the advantage that tracer-associated activity
accumulation in the urinary bladder over time is almost not observable; this advantage makes [18F]PSMA-1007
an ideal candidate for the primary diagnosis of PCa [8] and the staging of local recurrent disease [10,11]. All in
all, this presentation is aiming at describing the design of the Heidelberg series of PSMA-targeted compounds
dependent on the clinical indication to be addressed.
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[Reports 2] Global Practical Progress
Implementation of Novel Theranostics in Africa
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[Reports 2] Global Practical Progress
Struggles of Theranostics in Latin America
Patricia Bernal Trujillo*
Fundacion Santa Fe de Bogota, University Hospital, Colombia
patriciabernalt@yahoo.com
Latin America, is a region which extends from Mexico to Argentin (13.5% of the planet surface), with geographical,
biological and cultural diversity where most people speak Spanish.
There are great contrasts in the provision of health services between the different countries and common problems
of lack of access and inequality, with a permanent effort to increase social protection against low investment in
health in relation to the average of the OECD countries (8.9% of GDP) (1,2).
To establish the difficulties to implement Theranostics, were considered the problems that could occur in the
countries to initiate a new medical procedure:
1. Knowledge of the procedure and its usefulness by:
a. Nuclear Medicine community .
b. Clinicians (oncologists, endocrinologists, urologists…)
2. Medical use approval by the corresponding governmental entities
3. Reimbursement
- Public health systems
- Private insurance
4. Limitation to Implementation or routine use by
- Costs
- Regulatory procedures
The previous questions focused on:
- Thyroid cancer.
- Neuroendocrine tumors (NETs)
- Prostate cancer
A questionnaire was sent to Nuclear Medicine Physicians of 20 countries, obtaining a response of 15 (* See list of
Doctors and Countries)
The information received was limited being incomplete and imprecise in some cases, but the results were:

Knowledge
Therapy Approval
Diagnostic Approval
Therapy Reimbursement
Diagnostic Reimbursement
Difficulty implementing by expensive procedure
Difficulty implementing by government regulation

Ca
Thyroid
15/15
15/15
15/15
13/15
13/15
7/15
5/15

NET

Ca prostate

MIBG

11/15
7/15 (*)
11/15
6/7
8/11
13/15
3/15

10/15
4/15 (*)
6/15
1/4
4/6
14/15
4/15

11/15
9/15 (*)
10/15
7/9
7/10
10/15
3/15

(*) Approved, compassionate use , clinical study
Summary:
Thyroid cancer
The administration of radioactive iodine started in 1948 and by 1991 it is distributed in practically all countries,
covered by social security in 86% of them. The technique is widely known and accepted
Neuroendocrine tumor
Diagnostic studies for neuroendocrine tumors are approved for routine use in 73% of the countries. The therapy
began in 2005, and till date it is routinely performed in 46% of the countries, but there is limited availability due
to high cost
Prostate cancer
The PSMA started for diagnosis in 2015, and till date is being used in 6 countries. The therapy is carried out in 4
countries. The main limitation to its implementation is the high costs in 93% of the countries and the regulatory
difficulties in 26%.
MIBG
It has been used since 1981 irregularly . Information obtained about the current use is not reliable
Participating Doctors and Countries:
Argentin: Mariela Agoti , Maria Bastianello
Bolivia: Sonia Miranda
Brazil: Carlos Buchpigel
Colombia: Gonzalo Ucros
Chile: Vasko Kramer
Costa Rica: Luis Wong , Ana Alfaro
Cuba:Adlin
Ecuador :Adriana Noboa
El Salvador: Ramon Rivera
Mexico: Osvaldo Perez

Nicaragua: Teresa Cuadras
Peru: Danfer Huapaya
Domincan Republic: Luz Maria Castañeda
Uruguay: Omar Alonso
Venezuela: Milagros Gomez
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[Reports 2] Global Practical Progress
Theranostics Efforts between Asia and Europe
Murat Fani BOZKURT, MD, FEBNM*
Hacettepe University Faculty of Medicine, Department of Nuclear Medicine, ANKARA, Turkey
fanibozkurt@yahoo.com
Theranostic applications increase the targeting nature of nuclear medicine procedures and provide a much more
individualised nuclear medicine practice. Theranostics functions as a bridge between targeted diagnosis and
targeted therapy, just like Turkey functions like a bridge between the two continents Asia and Europe. This
unique geographical site of the country plays an important role with regard to introduction of novel scientific and
technologic improvements, which originate from one continent to another, in the era of accelerated information.
The first nuclear medicine practice in Turkey started in the beginning of 1950s with the first radioiodine
treatment, which actually was a debut for nuclear theranostics in Turkey, years before many other countries in
the World. For the time being, along with radioiodine treatment many other theranostic applications such as I131 MIBG treatment, Lu-177/Y-90 DOTA peptide treatment, Lu-177 PSMA treatment, Y-90 microsphere
treatment, bone palliative treatment are being performed in many centers countrywide. As science and
technology improves, novel theranostic applications are eagerly awaited to be introduced in near future. Turkey
is one of the leading countries in the region,in which state-of-art theranostic applications are introduced into
clinical practice as the scientific and technologic improvements in the area proceed to perfection.

[Reports 2] Global Practical Progress
Optimization of Novel Radionuclide Therapies in India
Partha S Choudhury*
Rajiv Gandhi Cancer Institute & Research Centre, Delhi, India
pschoudhary@hotmail.com
The term theranostics is a combination of a diagnostic tool that helps to define a right therapeutic tool for
specific disease and paves the approach towards personalized or precision medicine. In Nuclear Medicine a
diagnostic radionuclide is labelled with the target and once expression is documented, the same target is labelled
with a therapeutic radionuclide and treatment is executed. The theranostic concept was applied first time in
1964 in the treatment of thyroid cancer with I-131 (RAI) . Over the years other theranostic radiotracers became
available indigenously in the country. Currently Lu-177 is produced in India and peptides like DOTATATE and
PSMA are available in a kit form indigenously. At the present time the radionuclide therapies of oncological
disorders which are being performed in India are mainly for neuroendocrine tumors (NET) and metastatic
castration resistant prostate cancer (mCRPC) . The main constraints pertaining to this concept is the cost of
treatment and awareness among the clinicians which are gradually being taken care of by the private health
insurance and our participation in disease management group meetings respectively. The theranostic concept has
become popular over the years and has the potential for sustained growth. There has been significant theranostic
work done in India both in our institution and other accredited premier institutions in the country. Most of these
work has been published and cited in the world literature.
We have shown that initial risk stratification and staging in prostate cancer can be done with Ga-68 PSMA as a
one stop shop with a reasonably correct N stage estimation and kappa coefficient showing substantial agreement
between PSMA PET-CT and histopathological confirmation of lymph node metastasis (k=0.734).Fair agreement
was seen (k=0.277) with T staging. Ga-68 PSMA PET-CT can provide useful incremental information in
patients with high PSA and negative TRUS biopsy and has a potential to guide management. It has been
successfully evaluated to assess treatment response in metastatic prostate cancer with biochemical progression
undergoing systemic therapy and Lu-177 PSMA ligand therapy. Molecular response evaluation criteria was
found to be better in both the studies.
Safety and efficacy of Lu-177 PSMA radio ligand therapy were also highlighted in a few studies from India. In
our series of 25 mCRPC patients with progression on standard treatment protocols were administered Lu-177PSMA therapy on compassionate grounds.. Our initial results of efficacy and toxicity of one cycle of Lu177PSMA therapy have showed adequate palliation of pain and PSA response in heavily pre-treated mCRPC
patients with low performance status with no clinically significant hematological or other toxicity.
The use of Actinium-225 (Ac-225) labelled PSMA-617 for the treatment of mCRPC is also being performed in
one or two institutions in India with promising initial results. Ac-225 is being made available as unit patient dose
from overseas and the labelling with PSMA is being carried out in individual hospital based radiopharmacy. At

present there is some initial human experience with Ac-225 DOTANOC, Ac-225 PSMA and Bi-213
DOTATOC. Nearly all the patients including those who did not show PSA response showed improvement in the
quality of life. None of the patients demonstrated any serious adverse effect. Xerostomia was the principal
adverse effect with nearly 90% of patients showing Gr I and II xerostomia. The results with Ac-225 DOTATOC
were even better than the Ac-225 PSMA results. There was significant improvement of quality of life with no
serious toxicity till the time of censure. 5 patients also underwent selective intra arterial Bi-213 DOTATOC
infusion with excellent responses. We believe that the theranostic journey in India is on the right track and it is
only a matter of time when we will be able to overcome the constraints and put these form of treatment to
optimal use in a larger number of patients. We are trying to perfect the art of theranostics and learning new
things regularly. Patient selection appears to be a key factor and performance status also plays a very important
role in predicting outcome. We expect to perfect this art with more experience as it is believed that ‘perfection
comes with experience and experience comes with bad judgements.

[Reports 2] Global Practical Progress
PSMA PET in Initial Management of Prostate Cancer; Experience from the Arab World
Akram Al-Ibraheem*
Nuclear Medicine Department, King Hussein Cancer Center, Jordan
aibraheem@KHCC.JO
Purpose: In this retrospective study, we compared the diagnostic value of 68Gallium prostate-specific
membrane antigen positron emission tomography computed tomography ([68Ga]PSMA PET/CT) in primary
staging of patients with high-risk prostate cancer (PCa), in comparison to CT, magnetic resonance imaging
(MRI), and bone scans, and we explored its overall impact on patients' management plan.
Procedures: Patients with pathological confirmation of PCa with high-risk disease were included in this study.
Information on patient demographics, clinical and histopathological findings with Gleason score and initial
prostate specific antigen PSA levels, and radiological findings for CT, MRI, bone scan, and [68Ga]PSMA
PET/CT were retrieved. We stratified the concordance and discordance of each imaging modality on per-patient
and per-lesion-site bases.
Results: Twenty-one patients with high-risk disease were included in this study. [68Ga]PSMA PET/CT revealed
a significantly higher concordance rate (90 %) compared to the concordance rates of bone scan (75 %), MRI
(73 %), and CT (60 %). [68Ga]PSMA PET/CT had a similar accuracy to MRI in detecting prostate lesions but a
higher accuracy for suspicious pelvic lymph nodes (95.2 % vs. 80 %). It also superseded CT scan in detecting
suspicious pelvic lymph nodes (95.2 % vs. 75 %) and extra-pelvic lymph nodes (100 % vs. 75 %), as well as
bone lesions via bone scan (100 % vs. 62.5 %). [68Ga]PSMA PET/CT changed the management in 11 patients
(52 %).
Conclusions: [68Ga]PSMA PET/CT is an invaluable imaging modality in the assessment of primary high-risk
PCa with great potential for the detection of lymph node spread and bone metastases that would impact the
management plan.
Keywords: Bone scan; CT scan; High risk; MRI; Nuclear medicine; PET/CT; PSMA; Primary staging; Prostate
cancer; Theranostics
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Background: Folate receptor (FR) has been identified as a target associated with varieties of tumors including
ovarian and cervical carcinoma. Folic acid conjugate of theranostic radioisotope especially Lu-177 has gained
importance in the targeted radionuclide therapy (TRT) of FR positive cancers. However, the high renal absorbed
dose due to the presence of FRs in kidneys remained a hurdle during TRT. During TRT, the toxicity and efficacy
are of great concern and there is much less tolerance for inaccuracies in dosimetry. Therefore voxel-based
dosimetry is justified in TRT. In this study, iron-oxide nanoparticle based 177Lu-labeled folate (177Lu-IONPsFolate) was synthesized to perform voxel-based dosimetry from the SPECT/CT images of KB tumor bearing
mice using GATE MC to evaluate the feasibility of TRT using 177Lu-IONPs-Folate.
Materials and Methods: SPECT/CT images of KB tumor bearing balb/c nude male mice (8-10 weeks, n=5,)
were acquired using 177Lu-Folate (11.82±0.72 MBq), 177Lu-IONPs (13.50±0.61 MBq) and 177Lu-IONPsFolate (16.58±0.32 MBq). Mice were kept on folate-free diet for three weeks before SPECT/CT imaging.
NanoSPECT/CT (Bioscan Inc.,) was used to acquire six sequential SPECT images immediately after IV
injection of 177Lu-lableled conjugates. SPECT/CT Images were further acquired at 6, 24, 48 and 72 hours post
injection. Image-based activity biodistributions in the organs were estimated to plot time-activity graphs. GATE
MC toolkit was applied to estimate voxel-based absorbed dose in major organs (brain, heart, lungs, liver, kidneys
and tumor). The CT and SPECT images were used as voxelized phantom and source respectively for the
simulation. Absorbed doses at voxel-level were calculated from energy deposition maps using VOIs drawn over
the organs on CT images. Voxel-based absorbed dose in organs estimated from all three radiotracers were
compared.
Results: The uptake of all three 177Lu-labeled conjugates were highest in the liver followed by kidneys. The
maximum uptakes of 177Lu-Folate, 177Lu-IONPs and 177Lu-IONPs-Folate were 25%, 21% and 17%,
respectively in the liver, 14.5%, 5.5% and 6.2%, respectively in kidneys, 0.7%, 0.85% and 0.82%, respectively
in the tumor. The voxel-based absorbed dose estimated in the kidneys was highest for 177Lu-Folate (3.01±0.63
Gy/MBq) compared to 177Lu-IONPs-Folate (1.30±0.24 Gy/MBq) and 177Lu-IONPs (0.88±0.06 Gy/MBq).
However, the absorbed dose to KB tumor at voxel-level was highest for 177Lu-IONPs-Folate (0.37±0.14
Gy/MBq) than 177Lu-Folate (0.29±0.06 Gy/MBq). The absorbed dose to liver was highest for 177Lu-IONPs
(2.24±0.10 Gy/MBq) compared to 177Lu-Folate (1.68±0.22 Gy/MBq) and 177Lu-IONPs-Folate (1.67±0.30

Gy/MBq). We found that the absorbed dose to kidneys was reduced almost by half with 177Lu-IONPs-Folate
when compared to 177Lu-Folate (without IONPs).
Conclusion: The absorbed dose to the KB tumor was high while the renal dose was significantly reduced when
iron-oxide nanoparticles based 177Lu-lableled folate conjugate was used in the study. Hence, 177Lu-IONPsFolate could be useful for targeted radionuclide therapy of folate receptor positive cancers.

[Scientific Session 4] Next Generation Theranostics (from Physicists' Point of View)
New Approaches to Fast Voxel-based Dosimetry
Jae Sung Lee*, Min Sun Lee
Department of Nuclear Medicine, Seoul National University College of Medicine
jaes@snu.ac.kr
Although the availability of targeted radionuclide therapy for cancer patients grows, radiation toxicity is still the
main limitation of this therapeutic approach. Therefore, the importance of personalized dosimetry for safe and
effective personalized treatment is emphasized. Although practical and robust dosimetry method is necessary for
the routine use and wide clinical adaptation, the investigations to improve the accuracy of dosimetry should be
continuously encouraged for achieving the better treatment outcome and patients’ safety. Although voxel-based
dosimetry based on Monte Carlo (MC) simulation that accounts for heterogeneous activity and medium
distribution provides an accurate dosimetric estimate, MC simulation demands extensive computational
resources and time. A recent study showed that less time-consuming multiple voxel S-value approach yielded
compatible dosimetric estimates in voxel level to those of direct MC simulation (Lee MS et al., J Nucl Med
2018). Deep learning based approach is another promising way for the fast, personalized dosimetry (Lee MS et
al., IEEE NSS/MIC, 2018). In this talk, these recent advances in personalized voxel-based dosimetry will be
introduced.

[Scientific Session 4] Next Generation Theranostics (from Physicists' Point of View)
ICRP perspectives for individualized radionuclide therapy
Makoto Hosono*
Department of Radiology, Institute of Advanced Clinical Medicine, Kindai University Faculty of Medicine,
Osaka-Sayama, Osaka, Japan
hosono@med.kindai.ac.jp
Radionuclide therapy (RNT) has been contributing substantially to mainly treatment of malignancies for
decades. The radiopharmaceuticals for RNT include sodium iodine-131 for well-differentiated thyroid cancer,
yttorium-90 ibritumomab tiuxetan for low grade B-cell non-Hodgkin lymphoma, and radium-223 dichloride for
castration-resistant prostate cancer. RNT stands on the delivery of radiation to tumors or sometimes non-tumor
target organs using well-designed radiopharmaceuticals. Lately novel radiopharmaceuticals for RNT have been
emerging which provide good tumor response to malignancies which were resistant to conventional therapeutic
choices. In this context, new safety standards and guidelines should be developed to utilize novel therapeutic
radiopharmaceuticals to the maximum. International Commission on Radiological Protection (ICRP) has been
working on crafting a document on this subject as a joint project of Committees 2 and 3, that is, Task Group 101
entitled “Radiological Protection in Therapy with Radiopharmaceuticals”. And the document has now been
completed by the Task Group and approved by the Main Commission, and is supposed to be published in 2019.
The document emphasizes that the development and use of radiopharmaceuticals as combined application
through diagnostics and therapeutics lead to theranostic approaches that will enhance the efficacy and safety of
RNT by establishing dosimetry-based individualization. Some advocators have named RNT as Molecular
Radiotherapy (MRT) in order to clarify the aspect of RNT as Radiotherapy.
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Efforts in the Formation and Development of Nuclear Medicine in Vietnam
Mai Trong Khoa1, Pham Cam Phuong1*, Bui Tien Cong2, Tran Hai Binh2, Pham Van Thai2,
Dao Manh Phuong1 and Tran Dinh Ha1
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camphuongmd@yahoo.com

The foundations of nuclear medicine in Vietnam was established from 1970. Until now, after 48 years of
development, in Vietnam, we have some basic equipment including 31 SPECT machines, 4 SPECT/CT
machines, 11 PET/CT scanners, 5 cyclotrons, and one nuclear reactor. Many nuclear medicine techniques in
diagnosis and treatment have been routinely performed at provincial and central level health facilities such as
tumor scintigraphy, thyroid scintigraphy, bone scintigraphy, kidney scintigraphy, cardiac scintigraphy; radioisotope therapy with I-131 and P-32. Selective Internal Radiation Therapy with Y-90 microsphere and I-125
radioactive seed implantation have been also successfully applied in some big hospitals. However, there are still
many difficulties for Vietnam as the lack of new widely used radioisotopes such as Ga-67, Cu-64, Sm-153, Lu177.... and the lack of nuclear medicine specialists. In the future, we are putting our efforts on the applications of
new isotopes in diagnosis and treatment of cancers (theranostics) like Ga-68-DOTATATE, Lu-177DOTATATE, Ga-68-PSMA, Lu-177-PSMA, equipping modern nuclear medicine diagnostic tools, strengthening
the human resources training in nuclear medicine. At the same time, we are trying our best to strengthen the
cooperation with International nuclear medicine societies in over the world.
Keywords: Nuclear medicine, Vietnam, Theranostics, development

[Scientific Session 5-1] Next Generation Theranostics (from Convergents' Point of View)
Antibody Theranostics
Anna Wu*
Department of Molecular Imaging and Therapy, Beckman Research Institute of the City of Hope, USA
awu@coh.org
Due to their availability with a wide range of highly specific binding properties, antibodies have long represented
a promising class of agents for theranostics. Their utility is further enhanced due to their high molecular weight
(~150 kDa for intact antibodies). This translates in the ability to chemically conjugate a broad spectrum of
imaging or therapeutic moieties (including radionuclides) without perturbing the antibody’s binding specificty or
pharmacokinetic and targeting properties. Indeed, the development and approval of Zevalin and Bexxar
exemplify the use of radiolabeled CD20-specific antibodies for imaging and therapy of B-cell lymphomas.
Protein engineering has been employed to optimize tumor-specific antibodies for in vivo delivery of
radionuclides, through humanization, optimization of pharmacokinetics and clearance, and facilitation of sitespecific labeling. A minibody (scFv-CH3 dimer) recognizing prostate stem-cell antigen (PSCA) has been used
for immunoPET detection of tumors and also demonstrates dose-dependent tumor inhibition when armed with a
beta-emitting radionuclide. A recent application in theranostics has been imaging immune responses following
cancer immunotherapy, providing a new application in which target imaging agents can inform the development
and implementation of targeted therapeutics.

[Scientific Session 5-1] Next Generation Theranostics (from Convergents' Point of View)
In Vitro to in Vivo Companion Diagnostics
Young Kee Shin*
Seoul National University, Korea
ykeeshin@snu.ac.kr

[Scientific Session 5-1] Next Generation Theranostics (from Convergents' Point of View)
Bacteria-based Radio-theranostics
Jung-Joon Min*
Chonnam National University, Korea
jjmin@jnu.ac.kr

[Scientific Session 5-1] Next Generation Theranostics (from Convergents' Point of View)
Gastrin-Releasing Peptide Receptors for Theranostics in Prostate Cancer
Andrei Iagaru*
Professor of Radiology – Nuclear Medicine, Department of Radiology, Division of Nuclear Medicine and
Molecular Imaging, Stanford University, Stanford, CA 94305, USA
aiagaru@stanford.edu

Despite significant advances in detection and treatment, prostate cancer remains the most common malignancy
and a major cause of cancer death in men worldwide. Imaging is critically important for the diagnosis, staging,
and management of men with prostate cancer. Conventional imaging modalities have been employed for local
and metastatic staging with limited performance. Whole-body positron emission tomography (PET) using
prostate membrane antigen-based tracers are the most widely used in research and clinical applications in this
scenario. However, other ways to image prostate cancer are available. The neuropeptide bombesin is an analog
of the mammalian gastrin-releasing peptide (GRP), which is widely distributed in both the peripheral nervous
system and peripheral tissues, particularly in the gastrointestinal tract. Interest toward analogs has increased after
it was found that GRP receptors are overexpressed in a variety of human cancers, such as prostate, breast and
small-cell lung cancers. Here we review the data on the use of gastrin-releasing peptide receptors (GRPRs) as
targets for imaging and therapy of patients with prostate cancer.

[Scientific Session 5-2] Next Generation Theranostics (from Physicians' Point of View)
Theranostics in Combination with Local Therapies
Michael Kreissl*
University Hospital Magdeburg, Germany
michael.kreissl@gmx.de
In many clinical settings, the combination between theranostics and local therapies may be beneficial for
patients, especially in the context of reducing tumor mass, if there is the risk of tumor associated complications
or in order to increase the efficacy of the respective therapeutic modality.
In general, the following combinations may play a role:
1.

Sequential combination of theranostics / radioligand therapy with local therapies or vice versa.

2.

Using theranostics / radionuclide therapy in an efficacy-enhanced manner by local application of the
substance

3.

Using theranostics to guide and/or monitor local therapies, especially in terms of radioguided surgery.

In the following, points 1. and 2. will be addressed. In general, the data in the above mentioned fields is scarce.
There are no randomized trials to support the combination of theranostics and local therapies. However, from a
clinical perspective and according to retrospective data, as mentioned, the use should be considered in certain
cases.
When sequentially combining the two therapeutic modalities, the selection theranostic radiotracer and mode of
locoregional therapy play a major role. For sure, the liver resembles the most common and also most suitable
organ in this context. Here, it has been shown, that in patients with neuroendocrine neoplasms (NENs), peptide
receptor radionuclide (PRRT) may be safely combined with Selective Internal Radiotherapy (SIRT). However,
also combinations of other locally ablative therapies with PRRT are possible and should be discussed on an
individual basis in an interdisciplinary tumor board.
Local application of therapeutic radioligands / radiolabeled particles, especially intraarterially, has already been
introduce already a long time ago. However, only SIRT, as a local liver targeted radionuclide therapy, has made
its way into clinical routine. A theranostic approach and proper pretherapeutic dosimetry with reliable estimation
of doses delivered to the tumor lesions and the normal liver tissue have not been reliably established. The main
reason for this lies in the fact, that the macroagglutinated albumin particles used for the preoperative evaluation
have different physical properties as compared to the radiolabeled spheres used for therapy. Approaches to
improve this situation and performed a more individualized SIRT by using the same compound for
pretherapeutic evaluation and treatment are currently underway.
Finally, the safety and an increase of dose to the tumor per unit of radionuclide administered have been
documented for intraarterial PRRT as compared to conventional PRRT. A rough estimate of the possible
increase in tumor dose can be made using intraarterial somatostatin receptor targeted PET. Usually the patients
considered for this type of therapy have strongly liver dominant disease or have liver metastases refractory to

conventional PRRT. Since renal and bone marrow radiation dose can be reduced using this approach, renal
insufficiency and intensive use of systemic radionuclide therapy could constitute other possible indications. In
order not so saturate receptors and to reduce potential effects by hormone action, the application should be slow.

[Scientific Session 5-2] Next Generation Theranostics (from Physicians' Point of View)
PSMA Targeting Alpha Therapies
Matthias Eiber1,2*, Wolfgang Weber1,2
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matthias.eiber@tum.de

The talk reviews the current experience of PSMA-targeting alpha therapies. It highlights biological differences
between alpha- and beta emitters and provides a history of alpha treatment experience in Nuclear Medicine.
Based on a current review of the literature, the present experience will be summarized: This includes data from
the group in Heidelberg, Germany who pioneered the use of PSMA-targeting alpha therapies. Focus will be the
established rationale for reasonable dosing, its relevance to side effects and the current concept of mixed alpha
and beta treatment. In addition, work published from Pretoria, South Africa focusing on chemo-naïve patient and
the experience on the use of 225Ac-PSMA RLT in patients after 177Lu-PSMA RLT failure at Technical
University Munich will be presented.

[Scientific Session 5-2] Next Generation Theranostics (from Physicians' Point of View)
Immune Cell-based Theranostics
IL Minn*
Assistant Professor, Russel Morgan Department of Radiology and Radiological Sciences, Institute for
NanoBioTechnology, Johns Hopkins University, USA
iminn1@jhmi.edu
Immune cell-based therapy has shown great potential to treat cancers and autoimmune diseases. Despite its
success, there have been major cases of non-responders, treatment-related side effects, and disease relapses.
Ability to non-invasively track infused therapeutic immune cells can provide longitudinal and spatial
visualization and functional status of infused cells for an individual patient. Various imaging modalities have
been developed and tested including optical imaging, magnetic resonance imaging, radiation-based imaging, and
nuclear imaging. Multi-modality imaging has been vigorously tested for immune cell tracking to compensate
limitations for each imaging modality. Among these, reporter-based imaging has recently been adopted for
therapeutic cell imaging. Advantages using reporter-based imaging include enhancing detection sensitivity and
selectivity, visualizing functional aspects of infused cells, enabling the targeted killing of infused cells when
needed. This presentation will introduce recent advancement of therapeutic cell imaging and our recent data on
using reporter-gene imaging for in vivo tracking of chimeric antigen reporter T cell.

[Scientific Session 5-2] Next Generation Theranostics (from Physicians' Point of View)
Imaging Criteria for Assessing Response to Theranostics – Challenges and Opportunities
Steve Yoon-Ho Cho*
University of Wisconsin – Madison, USA
scho@uwhealth.org
A standardized reporting system for incorporation of PET imaging (SSTR, PSMA and upcoming agents) to meet
forthcoming clinical diagnostic and clinical research needs requires an efficient but accurate method to meet the
needs for the imager, referring treating clinicians, and multicenter clinical trials. These clinical and research
needs, while overlapping, have unique requirements. In addition, dosimetry is an important correlative biomarker
in radiotherapy. There is significant evidence suggesting that dosimetry is a valuable predictor of normal tissue
toxicity and tumor response for 177Lu-DOTATATE and potentially for PSMA-based radioligand therapy. This
talk will review and explore the benefits, challenges and opportunities of current proposed imaging criteria and
dosimetry for radioligand therapy.
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[Scientific Session 5-3] Next Generation Theranostics (from Innovators' Point of View)
Nanomedicine: 11 Years of European Efforts of the European Foundation for Clinical Nanomedicine
Dr. med. h.c. Beat Löffler, MA*
CEO of the European Foundation for Clinical Nanomedicine, Basel, Switzerland
loeffler@clinam.org
Back in 2007, nanomedicine - as own discipline still in its infancy - meetings were largely populated by
researchers in biology. physics, chemistry and pharmacology as well as by engineers and industrials, working on
a technology they hoped could one day revolutionize medicine.
When the founders of CLINAM, the European Foundation for Clinical Nanomedicine attended these
conferences, they noticed the absence of clinicians and the absence of a platform that would get clinicians
involved early on in this potentially ground-breaking field. Also they missed a journal dedicated to
Nanomedicine, a European and an International Society for Nanomedicine and there was no strong
multidisciplinary network of cooperation. To give an answer to these missing elements they created the
CLINAM-Foundation. They hoped to build within 10 years a platform where all stakeholders could meet and
where clinicians and international regulatory authorities would be fully involved. The first international summit
took place in 2008 and the CLINAM-research lab started its work at the University Hospital in Basel.

The CLINAM –Summit has grown steadily and continued its mission and in the last 3 years had always more
than 480 participants from over 40 countries, In this way, the organizers of CLINAM seek to accelerate new
developments in personalized medicine and targeted drug delivery to the benefit of all patients, including 2.2
billion people, having no access to basic medicines and still lacking basic medical coverage. The presentation
will outline the evolving role of CLINAM as an international interdisciplinary forum and more generally the
present development of the global market of nanomedicine.

[Scientific Session 5-3] Next Generation Theranostics (from Innovators' Point of View)
Introduction to Radionanomedicine
Dong Soo Lee*
Nuclear Medicine, College of Medicine, Seoul National University
dsl@snu.ac.kr
Radionanomedicine is a discipline of combined nuclear and nanomedicine. As nanomedicine uses
nanomedicines (nanodrugs), radionanomedicine uses radionuclide-labeled nanomedicines (radio-labeled)
nanodrugs. Nanomaterials are encapsulated with polyethylene glycols (PEGs) and chelators (surface
modification) or core may be labeled with radionuclides (e.g. Au-198 for gold nanoparticles). If capsules are
attached stably after in vivo administration, we can trace the whereabouts of the radiolabeled nanomaterials and
then perform tracer kinetics studies. The amount of radiolabeled nanomaterials can be decreased to 1 thousandfold easily without losing tracer capability. This is one advantage of radionanomedicine in theranostics. Usability
of trace amount, in fact, is the essential advantage of radionanomedicine, expected and indispensable in nuclear
imaging in vivo. Another is the capability of radionanomedicine to allow us to trace biodistribution and
consequently the dosimetry, voxel-based and individual. Trace amount of administered dose and tracer kinetic
interpretation of targeting will support the use of radiolabeled nanomaterials for therapy and more desirably
theranostics in clinical routine as well as preclinical investigations. Cu-64 and Lu-177 or Zr-89 and Y-90 are the
examples of multiplex encapsulation for theranostics. Use of biorthogonal click reaction binding/labeling
chelators or radionuclides awaits evaluation using the above tracer kinetic/biodistribution studies for proving
their in vivo targeting and/or stability after therapeutic/theranostic systemic administration.

[Scientific Session 5-3] Next Generation Theranostics (from Innovators' Point of View)
Radiolabeled Nanomaterials
Weibo Cai*
Departments of Radiology and Medical Physics, University of Wisconsin - Madison, Madison, WI, USA
wcai@uwhealth.org
Radiolabeled nanomaterials have gained tremendous interest over the last 2 decades, which can play diverse
roles in imaging, image-guided drug delivery, as well as theranostics of a number of diseases such as cancer.
Some recent examples of radiolabeled materials from our recent work will be briefly described in this talk.
Although chelator-based radiolabeling techniques (commonly used for labeling nanomaterials with radiometals
such as 64Cu/89Zr) have been used for decades, concerns about the complexity of coordination chemistry,
possible alteration of nanomaterial pharmacokinetics, and potential detachment of radioisotopes have driven the
need for developing a simpler yet better technique for future radiolabeling.
The emerging area of intrinsically radiolabeled nanomaterials can take advantage of the unique physical and
chemical properties of well-selected inorganic or organic nanomaterials for radiolabeling, and more importantly,
offer an easier, faster, and more specific radiolabeling possibility to facilitate future clinical translation.
Generally speaking, the four major categories of intrinsically radiolabeled nanomaterials include: 1) hot-pluscold precursors, 2) specific trapping, 3) cation exchange, and 4) proton beam activation.
Representative examples of each category will be briefly illustrated in this talk, with the main focus on our own
work that involves the radiolabeling of a variety of nanomaterials via “specific trapping”. The nanomaterials
investigated in our laboratory include iron oxide nanoparticles, micelles, silica-based nanoparticles, carbonbased nanomaterials, multifunctional/multimodal hybrid nanomaterials, among others.

[Scientific Session 5-3] Next Generation Theranostics (from Innovators' Point of View)
Ceria-based nanoparticle therapy against ROS-mediated injury
Seung-Hoon Lee, MD. PhD, FAHA1,2*
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Department of Neurology and Laboratory of Innovative Nanobiomaterials, Seoul National University Hospital,
Seoul, Korea, 2 Cenyx Biotech Inc., Seoul, Korea
leesh.neurology@gmail.com

Nanomedicine is using nanotechnology in the medical application, which could range from medical use of
nanomaterials in drug delivery and bio-imaging to development of nano-scale devices and sensors for diagnosis
and therapy. Before the introduction of nanomedicine to stroke filed, the recombinant tissue plasminogen
activator is the first therapy successfully developed for acute treatment. The success of this agent spurred
development of new avenues. For the last two decades, a great deal of attention has been paid to neuroprotective
therapies, but none of the agents has proven effective. There are a lot of reasons responsible for the failure of
neuroprotection – inappropriate selection of drugs, inadequate animal models, unreliable results from animal
models, poor generalizability, inappropriateness of ischemic stroke as a target of therapies, and etc. In the recent
years, interests in the nanomedicine are growing as the next promising strategy for neuroprotection after stroke.
We tested ceria nanoparticles as a candidate agent for acute stroke treatment. These materials have been reported
to have powerful anti-inflammatory effects through anti-reactive oxygen species (ROS) effects, which may
expand to include various diseases related to inflammation such as sepsis. For biomedical application, we newly
developed an aminocaproic acid-coated ceria nanoparticles through an aqueous synthesis technique (CX-111 for
stroke; CX-121 for sepsis), managing the nanoparticle problems such as potential toxic substances and
procedures. With this agent, we found a remarkable neuroprotection in rodent models of ischemic stroke,
intracerebral hemorrhage, and subarachnoid hemorrhage. Furthermore, protective effects was also noted in a
sepsis animal model using a cecum-ligation puncture. The results and potential use will be discussed in the
symposium.

[Scientific Session 5-3] Next Generation Theranostics (from Innovators' Point of View)
Theranostics of Exosomes on Alzheimer’s disease
Ren-Shyan Liu1,2,3*
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Alzheimer’s disease (AD) is a neurodegenerative disorder, affecting over 50 million patients. Accumulation of
extracellular β-amyloid (Aβ) plaques within the brain is unique to AD and thought to induce synaptic deficits,
neuronal alterations and neurodegeneration. During the long process of Aβ aggregation, more than one
physiological pathway, such as epigenetic regulation, crosses talk with each other to induce AD pathology.
Studies have shown that histone deacetylase 2 (HDAC2) is negatively associated with synaptic plasticity and
memory formation and upregulated in aged mouse brain of AD, as well as in human postmortem AD brain.
Although targeting HDAC can improve cognitive function, the specificity and efficient delivery system would be
needed.
Mesenchymal stem cell (MSC) derived exosome, a small sized membrane vehicle with endogenous HDAC2
specific miRNAs, Aβ-degrading enzyme and MSC-like ability, is suitable to be used for AD therapy. A 3D
human neural cell culture with overexpressing FAD mutations, which was capable of fully recapitulating AD
pathology, has been established as platform for evaluation of therapeutic strategies. Preliminarily, the treatment
of MSC derived exosomes was able to decrease the level of Aβ and HDAC2 obviously and further restore many
synaptic plasticity-related genes.
In our study, MSC derived exosomes has been demonstrated to be an effective treatment in transgenic mouse
model of AD. The potential of clinical application of cell-free exosomes, and Aβ-degrading proteases, is
warranted.

[Read with the Experts] Selected Poster Presentation
Chemistry and Pharmacy
PP-077 (AK0074)
In the Assessment of Biodistribution and Metabolism for α-Methylation on 18F-Labeled Tryptophan
Derivative
Ho Young Kim, Ji Youn Lee, Sang Hun Lee, Mee Kyung Hong, Yun-Sang Lee, Dong Soo Lee,
Keon Wook Kang and Jae Min Jeong*
Department of Nuclear Medicine, Seoul National University, Korea
jmjng@snu.ac.kr
Objectives: Introduction of α-methyl group to tryptophan will reduce the metabolism by monoamine oxidase
(MAO) and increase the retention in the tissue. However, the altered whole body distribution and analysis of
metabolites have not been elucidated. Thus, we performed biodistribution and metabolism studies using 18Flabeled and unlabeled L- or D-trifluoromethyl tryptophan (CF3-L-Trp or CF3-D-Trp) and L- or Dtrifluoromethyl-α-methytryptophan (CF3-L-AMT or CF3-D-AMT) to investigate the effect of α-methylation.
Methods: All radiolabeled tryptophan derivatives were prepared by [18F]trifluoromethylation on 2-position of
indole and the enantiomeric purity of each tracers was investigated using chiral HPLC. The labeled tracers were
intravenously injected into BALB/c mice (4-5weeks old, n=4, 18±1 g in each group) without anesthesia to assess
the differences in systemic distribution. After sacrifice at 10, 60 and 120 min, uptakes of each tracer to each
organ were obtained as the percentage of injected dose per gram of tissue (% ID/g). For metabolism study, 5 mg
of non-radioactive CF3-L-Trp or CF3-L-AMT was injected in the same manner. At 10 and 60 min postinjection, brain, blood and urine were obtained and injected into HPLC. Metabolite peaks were compared with
synthetic metabolites and mass spectra (m/z) of major metabolites were analyzed by LTQ velos mass
spectrometer.
Results: Enantiomeric purity of prepared tracers were over 99% and no racemization occurred during
radiosynthesis. All the tracers showed high uptakes in the kidney. At 10 min, the brain uptakes of [18F]CF3-LAMT and [18F]CF3-L-Trp were 2.27 ± 0.14 and 2.06 ± 0.22, respectively, and [18F]CF3-D-AMT and
[18F]CF3-D-TRP were 0.34 ± 0.03 and 0.48 ± 0.04, respectively. The brain uptake of [18F]CF3-L-AMT at 60
min (0.73 ± 0.08) was significantly higher than that of [18F]CF3-L-Trp (0.43 ± 0.08). The bone uptake of
[18F]CF3-L-AMT at 60 min (4.50 ± 0.47) was significantly lower than that of [18F]CF3-L-Trp (9.34 ± 0.62),
suggesting the lower in vivo defluorination of [18F]CF3-L-AMT. In CF3-L-Trp metabolism study, 31% and
78% of CF3-serotonine peaks were found in brain and blood at 60 min, respectively. However, CF3-L-AMT did
not show any metabolite in brain or blood. In urine, no metabolite was detected for both compounds.
Conclusion: We evaluated the biodistribution and metabolism of the four tryptophan derivatives and confirmed

that α-methylation increased the retention in the brain by reducing metabolism by MAO. However, we also
found that α-methylation might decrease the in vivo defluorination of the tracer.
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Enhancing SSTR2-Targeted Alpha-Particle Therapy for Neuroendocrine Tumors with Everolimus and
Histone Deacetylase Inhibitors
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Background: Peptide receptor-targeted radionuclide therapy (PRRT) targeting the somatostatin receptor subtype
2 (SSTR2) is an effective treatment for gastroenteropancreatic neuroendocrine tumors (GEP-NETs). However,
outcomes for patients treated with current beta-particle PRRT (e.g., 177Lu-DOTATATE; Lutathera) are largely
limited to stable disease and partial responses. Our recent preclinical research on the potential for alpha-particle
PRRT using 212Pb-DOTA0-Tyr3-octreotide (212Pb-DOTATOC) to improve outcomes for these patients
significantly inhibited tumor growth in vivo. However, the therapeutic effect of 212Pb-DOTATOC was
accompanied by observable renal toxicity. In the current study, we explore the potential to improve PRRT for
NET by combining the radionuclide therapy with approved drugs. Everolimus is an effective standard of care
therapy for progressive GEP-NETs that acts by inhibiting the mammalian target of rapamycin (mTOR), but it is
largely cytostatic and rarely leads to objective responses. The effect of everolimus on SSTR2 expression is not
known. A second class of drugs under investigation are histone deacetylase inhibitors (HDACi), which are
known to upregulate SSTR2 by epigenetic modification and to inhibit DNA repair enzymes. In this context, we
explored the potential of enhancing the efficacy of 212Pb-based PRRT by combining with everolimus and
HDACi.
Methods: BON-1 (pancreatic) and NCI-H727 (bronchial) cells were treated with everolimus and Sodium 4phenylbutyrate (4-PBA; a HDACi) alone and in combination, and the transcriptional SSTR2 upregulation was
determined by quantitative real-time polymerase chain reaction (qRT-PCR), followed by [203Pb]DOTATOC
SPECT/CT imaging. In vitro cell growth was also monitored after treatment with these drugs (alone and in
combination) to determine if these drugs have their own anti-proliferative effect. In addition, the long-term effect
of everolimus on SSTR2 expression was assessed by the qRT-PCR in the NCI-H727 cells.
Results: Treatment of the NET cells (both BON-1 and NCI-H727 cells) with everolimus and 4-PBA upregulated

SSTR2 expression by mRNA, and SSTR2 expression was significantly increased when the drugs were combined
(relative to mono-treatments). Everolimus and 4-PBA each exhibited anti-proliferative effects in vitro and the
combination of these drugs further decreased cell proliferation compared to mono-treatments as controls. 203PbDOTATOC SPECT/CT images confirmed the potential to enhance the radiolabeled peptide uptake in BON-1
xenograft model by pre-treatment with the combination of everolimus and HDACi. Interestingly, long-term (>26
wks) continuous treatment with everolimus eventually decreased SSTR2 expression; but the introduction of a cotreatment with HDACi (together with everolimus) was observed to restore SSTR2 expression in these cells.
Conclusion: This study suggests that the combination of everolimus and HDACi might enhance the efficacy of
alpha particle PRRT via pharmacological upregulation of SSTR2 and potentiated anti-tumor effect. The results
further suggest that the benefit can be applied not only to the everolimus-naive NETs but also to the everolimusadapted NETs. In vivo efficacy and comprehensive toxicity need to be evaluated to advance the approach to
clinical introduction.
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Introduction: Over the last decade, interest in targeted tumor therapy using alpha-particle emitting therapeutics
has grown rapidly. Currently, various isotopes are evaluated for their use in clinical routines. Among them, alpha
emitters such as Bi-213 and Pb-212 with half-lives in the range of hours are under investigation, but also longerlived nuclides such as Ac-225 or Th-227, can be found, which decay in cascades of daughter nuclides. A
strongly discussed representative of this group of the latter group represents Ac-225 with a half-life of around 10
days. Because of its complex kinetics, Ac-225 is a suitable candidate for labeling of DOTA-conjugated,
clinically used precursor molecules such as TOC or PSMA-617. Herein, we present our efforts in establishing
the routinely used radiopharmaceutical production and quality control of Ac-225-DOTA-TOC and Ac-225PSMA-617 for subsequently clinical application.
Methods: DOTA-TOC and PSMA-617 were labeled with Ac-225 using the following procedure: A mixture of
DOTA-TOC or PSMA-617 (20 μg/MBq) in 1 mL of sodium acetate buffer (1 M, pH=5.5) and Ac-225-chloride
(10 - 25 MBq) in 50 μl 0.05M HCl were incubated for 30 minutes at 92°C. Quality control using iTLC-SG plates
with 0.4 M sodium citrate solution (pH = 2.3) as the eluent was performed immediately after the end of the
synthesis. The percentage distribution between complexed (starting point) and unbound Ac-225 (front) was
determined using an LSC counter right after the development of the iTLC plate by cutting the iTLC in half. For
the final formulation, the reaction solution was further diluted with 0.9 % aqueous NaCl solution to an activity
concentration of 1 MBq/ml and sterile filtered. The pH of the formulation was measured to be 5.5 using pH test
strips. Additionally, samples for the sterility test and the determination of the endotoxin content were taken.
Results and Conclusions: Synthesis and quality control were established following recent GMP regulation.
Different iTLC methods and their evaluation were compared. The use of an LSC-counter allows the fast and
easy determination of the ratio between 'free“ and 'bound“ Ac-225 . Recent literature reports the necessity to wait
for around one hour before determination of the radiochemical purity via iTLC. In contrast to that, the presented
method is suitable for rapid and easy determination, which renders the quality of the radiopharmaceutical

regarding the stability of these kind of compounds in solution. The radiopharmaceutical can be used directly
after production and quality control.
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Objectives: This study aims to analyze the safety and biodistribution of the somatostatin receptor (SSTR)
antagonist 68Ga-NODAGA-LM3 (NODAGA = 1,4,7-triazacyclononane,1-glutaric acid-4,7-acetic acid, LM3 =
[p-Cl-Phe-cyclo(D-Cys-Tyr-D-4-amino-Phe(carbamoyl)-Lys-Thr-Cys)D-Tyr-NH2]) in comparison with the
SSTR agonist 68Ga-DOTATOC and to assess the diagnostic utility of 68Ga-NODAGA-LM3 PET/CT in
paraganglioma patients.
Methods: From March 2017 to June 2018, ten paraganglioma patients (7 males, 3 females; age 35 - 66 y, mean
age 48.4 ± 11.0 y) were recruited after written informed consent. All patients underwent whole-body PET/CT
scans at 45-55 min after intravenous injection of 68Ga-NODAGA-LM3 (mean activity = 285 MBq,
radiochemical purity > 95%). 68Ga-DOTATOC PET/CT had been performed before (n=6) and/or after (n=4)
LM3 PET/CT for a head-to-head comparison as well as contrast-enhanced CT and MRI. 7 of the 10 patients
were studied also by 18F-FDG and/or 18F-DOPA PET/CT. PET/CT images were analyzed qualitatively
(visually) and semi-quantitatively (SUVmean and SUVmax). Regions of interest were drawn manually over
major organs. Tumor-to-background ratios (TBR) were calculated using volume of interest (VOI) based
SUVmax for target lesions (TL) and SUVmean for reference tissues (RT), namely, liver, kidney, spleen,
background (gluteus muscle), for the corresponding LM3 and TOC studies.
Results: 68Ga-NODAGA-LM3 was well tolerated in all patients, no adverse effects were noticed. 68GaNODAGA-LM3 PET/CT showed positive findings in 10/10 patients with SUVmax of 2.51-299.95 [mean ± SD,
53.78 ± 183.2. The comparative physiological uptake of 68Ga-NODAGA-LM3 to 68Ga-DOTATOC (SUVmean
[mean ± SD], LM3:TOC) in the liver, spleen, kidneys, red marrow were 5.55 ± 1.57 vs. 9.73 ± 2.30 (P < 0.01),
20.47 ± 6.93 vs 31,14 ± 7.50, 12.88 ± 4.57 vs 10.28 ± 2.02 and 1.16 ± 0.36 vs 0.98 ± 0.49, respectively.
Compared with 68Ga-DOTATOC PET/CT, 68Ga-NODAGA-LM3 PET/CT detected many more (243:177)
lesions including (27:18) lymph nodes, (11:3) liver and (190:143) bone metastases. With normal tissue as
background, LM3 associated TBR were TL-liver 15.7, TL-kidney 6.8, TL-spleen 5.4, TL-gluteus 156.5, AL
(mean value of all lesions)-liver 8.9, LL (liver metastases)-liver 5.1, AL-kidney 3.8, AL-spleen 2.4, AL-gluteus
57.5, respectively.

Conclusion: This first-in-human study demonstrates safety and very high diagnostic accuracy of the new SSTR
antagonist 68Ga-NODAGA-LM3 for imaging of SSTR positive paragangliomas. It provides a very favorable
biodistribution and was superior to the SSTR agonist in detecting tumor lesions, especially in the liver (due to
the distinctively higher TBR) and in the skeletal system. The results emphasize the great potential of the SSTR
antagonist 68Ga-NODAGA-LM3 for diagnosis and for guiding SSTR-targeted therapy (theranostics) of
paraganglioma patients.
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We evaluated the response to 177Lu-PSMA radioligand therapy (RLT) in a subset of metastatic prostate cancer
patients, as part of an effort to determine the characteristics of patients with favourable response to this therapy
to in turn enable ideal future patient selection.Objectives: To determine response to 177Lu-PSMA RLT in a
cohort of 45 patients with lymph node predominant metastatic PCa, and to report i) maximal PSA response; ii)
PSA progression-free survival (PSA PFS; where PSA progression is defined as ≥ 25% PSA increase above the
nadir PSA, confirmed with a repeat PSA); iii) radiographic progression-free survival (68Ga-PSMA PET/CT by
PERCIST/RECIST 1.1 criteria) (rPFS); iv) overall survival (OS); and v) adverse effects (by CTCAEv4). We
also aimed to determine whether there is a difference in response to 177Lu-PSMA therapy in patients with LNM
with, versus without, bone metastases.
Methods: We undertook a multicenter (categorized as ‘Australian’ and ‘non-Australian’) single-arm open
labelled retrospective cohort study of 45 patients. Eligibility criteria for RLT were age >18 years, histologically
proven PCa, and adequate bone marrow function (Hb > 80 g/L, WBC > 3 x 109 cells/L, platelets > 75 x 109
cells/L), liver function (ALT, AST, ALP < 1.5 x ULN) and renal function (creatinine < 1.5 x ULN). Patients
gave written informed consent, and were administered 177Lu-PSMA RLT 8-weekly. Patients included had
lymph node metastases (LNM) with or without one or two bone metastases detected on 68Ga-PSMA PET/CT.
Statistical analysis was performed using Stata 14.2 (Texas, USA), using χ2 tests for categorical variables and ttests for continuous variables for comparison of subgroups. Kaplan-Meier estimates and log-rank tests were used
for evaluation of survival. A p value < 0.05 was defined as statistically significant.
Results: Prior to 177Lu-PSMA, 35 patients had LNM and 10 patients had LNM plus one or two bone
metastases. Median pretreatment PSA was 18 μg/L (IQR: 3.3-39). A median of three 177Lu-PSMA RLT cycles
was given, with median cumulative 177Lu activity of 14.5 GBq (IQR: 12.2-19.7). Median follow-up was 25
months (IQR: 18-38). Maximal PSA response was > 50% for 36 (80%) patients, and > 90% for 25 (56%)
patients. Median maximal PSA response was 92% (IQR: 70-99). Median PSA PFS was 15 months. Thirty
patients progressed (on 68Ga-PSMA PET/CT), while median rPFS was 16 months. Patients with LNM had

significantly longer OS than patients with LNM and one or two bone metastases (p = 0.045, log-rank test).
177Lu-PSMA RLT gave mild, transitory adverse effects (fatigue, nausea and vomiting, xerostomia). No severe
haematological or renal toxicities were reported. OS did not differ significantly between Australian and nonAustralian patients (p = 0.82, log-rank test). Five patients (11%) died during follow up.
Conclusions: 177Lu-PSMA confers PSA and radiographic PFS of many months’ duration for patients with
metastatic lymph node predominant PCa. Patients with LNM but without bone metastases demonstrated a better
response to 177Lu-PSMA RLT than those with LNM plus bone metastases when response was measured by OS.
No severe haematological, renal or other toxicities were observed in this retrospective analysis.
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Chemokine Receptor CXCR4-Targeted PET/CT with 68Ga-pentixafor Shows Superiority to 18F-FDG in
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Background: Multiple myeloma is characterized by the neoplastic proliferation of plasma cells producing a
monoclonal immunoglobulin. 18F-FDG PET/CT has an impact in baseline assessment in prognostic value of
multiple myeloma; however, it has a low sensitivity in detecting diffuse bone marrow infiltration or low-density
plasmocyte infiltration of multiple myeloma. There might be false positivity in FDG uptake due to various
reasons, either presenting as focal disease or diffuse bone marrow pattern. Moreover, low expression of
hexokinase-2 may cause false-negative FDG uptake in multiple myeloma, which accounts for 11% of multiple
myeloma patients. Chemokine receptor 4 (CXCR4) plays a pivotal role in tumor growth, progression, and
metastasis. Overexpression of CXCR4 has been reported in more than 30 different tumors, including multiple
myeloma. Here, we used a radiolabelled CXCR4-ligand, 68Ga-pentixafor to evaluate tumor burden of multiple
myeloma with PET/CT, and compared with FDG.
Methods: In this prospective cohort study, patients diagnosed with multiple myeloma in department of
hematology of PUMCH were consecutively recruited. At enrollment of the study, clinical history and laboratory
tests related to multiple myeloma were recorded. Patients were then referred for 68Ga-pentixafor and 18F-FDG
PET/CT, which were carried out within 1 week after enrollment. Two experienced nuclear medicine physicians
visually assessed PET/CT images. Positive scan was defined as focal bone marrow lesions with increased
radioactivity compared with background uptake in bone marrow, or diffuse bone marrow pattern with increased
uptake (FDG: bone marrow uptake > mediastinum; 68Ga-pentixafor: bone marrow uptake > liver).
Results: Twenty-one patients with newly diagnosed or relapsed multiple myeloma (10 male, 11 female; age,
59.7±10.9 yr, range 33-74 yr) were enrolled in this study. Eighteen patients had newly diagnosed multiple
myeloma, and 3 patients had relapsed disease. The type of M protein in 5 patients was IgG, 5 patients had IgA
multiple myeloma, and 11 patients were light chain type. Four patients had ISS stage I multiple myeloma, 5
patients were stage II, and 11 patients had stage III disease. One patient was not staged because β2MG could not
be accurately measured due to significantly high level of M protein. 68Ga-pentixafor PET/CT was performed in
all patients, while FDG PET/CT was done in 18 patients. In visual assessment, 68Ga-pentixafor PET/CT was
positive in 16/21 patients, while only 8/18 patients had positive FDG PET/CT scans. Eight patients had focal

lesions in bone marrow, while 13 patients were diffuse bone marrow pattern with homogenous uptake. Three
patients had extramedullary disease involving nasal sinus, renal parenchymal, retroperitoneal mass, and lymph
nodes. Paramedullary disease was present in 3 patients. Fourteen patients had lytic bone lesions, and 9 patients
had bone fractures. In 9 patients, 68Ga-pentixafor PET/CT was visually superior to FDG in evaluating multiple
myelomas; 7 patients had equal visual assessment of both PET/CT scans; in 2 patients, FDG PET/CT was
superior to68Ga-pentixafor, and interestingly, both of these 2 patients had extensive extramedullary disease.
Conclusion: 68Ga-pentixafor PET/CT seems to be superior to FDG in evaluating multiple myeloma, but
extramedullary disease of multiple myeloma may hamper the positivity of 68Ga-pentixafor PET/CT.
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MIBG Therapy for Relapsed Large Pheochromocytoma Post Debulking Surgery and
Chemoembolization: A Case Report and Early Experience of Kuala Lumpur General Hospital
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Introduction: MIBG therapy has been used to treat patients with advanced-stage pheochromocytoma,
paraglanglioma and neuroblastoma whom have relapsed or not responded to standard therapy. Nuclear Medicine
Department, Kuala Lumpur General Hospital is the pioneer tertiary referral institution under Ministry of Health,
Malaysia to offer MIBG therapy services since 2013 and has so far treated 3 patients. We present a case report to
share our initial experience and highlight current status of a pheochromocytoma patient treated with MIBG
therapy.
Methodology: Review of clinical records including MIBG scan findings was done followed by literature review.
Case Report: 56 year-old male was diagnosed to have large right adrenal mass with adjacent infiltration after
presenting with hypertensive crisis in June 2013. He underwent debulking surgery. Histopathology was
consistent with pheochromocytoma (10 x 7.5 cm). Follow-up monitoring and CT scan showed the residual
tumour had increased in size. Diagnostic MIBG scan demonstrated intense tracer accumulation at right
suprarenal region. He underwent chemoembolization in December 2014. Repeat CT scan showed left lower lobe
lung nodules and extensive inferior vena cava thrombosis associated with fairly similar sized right suprarenal
mass (5.2 x 5.3 cm) despite larger central tumour necrosis. He was then referred and received first MIBG therapy
(200 mCi) on 15.4.2015. Although Ga-68 PET-CT in November 2015 demonstrated somatostatin receptor-avid
mass at the right adrenal bed (SUVmax 15.6), his diagnostic MIBG scan with SPECT-CT in December 2015 had
revealed a slightly smaller MIBG-avid lesion (3.4 x 3.1 cm from previously 4.5 x 3.1 cm). He underwent second
MIBG therapy (200 mCi) on 14.4.2016. The right suprarenal mass showed similar tracer uptake and size (3.2 x
3.1 cm) as visualised on SPECT-CT supplemented post therapy scan. FDG PET-CT was performed in July 2017
revealing FDG hypermetabolism only at the mass in right adrenal bed (SUVmax 5.1), suggesting mixed-avidity
of the disease. However, clinically he was well. He remained asymptomatic and no signs or abnormal laboratory
parameters related to potential side effects were observed during regular follow-ups. Latest 24-hour urine
metanephrines in May 2018 were still elevated but showed decreasing in trend compared with previous levels.
Latest CT scan in June 2018 demonstrated almost comparable size of the residual lesion with no significant
abdominal lymphadenopathy or distant metastasis. No further MIBG therapy was given at the moment in view
of stable disease.
Discussion & Conclusion: MIBG therapy particularly in malignant pheochromocytoma has been widely
described by retrospective studies and phase II trials using several radioactivity dosages and approaches.

Although some patients may achieve substantial satisfactory responses, those receiving prior chemotherapy due
to large progressive tumour burden were noted to be less sensitive to MIBG therapy. Our patient with relapsed
large pheochromocytoma appears to have benefited from adjunct MIBG therapy and currently having stable
disease.
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Neuroblastoma is the third most common peadiatric cancer and the most common extracranial solid tumor of
childhood. Late and difficult diagnosis also low response as well as survival rate of neuroblastoma allow I-131
MIBG to play its role as a diagnostic and therapeutic agent.
This article was to report the new experience of RSHS using I-131 MIBG in management of late stage of
neuroblastoma. We have managed eleven diagnostic cases since the end of 2016. Nine of eleven diagnostic cases
were I-131 MIBG avid. We have also managed five of nine therapeutic cases that show a strong remarks of a
good pain relieved resulted a better daily activity. Hematological depression were observed in the most of the
cases. Unfortunately, there was only one good response of therapeutic case, meanwhile the other four patients
were passed away before an imaging followed-up.
Most of I-131 MIBG supply were granted from National Nuclear Energy Agency Republik of Indonesia
(BATAN). We had some limitations, there was no National Health Care Insurance coverage for I-131 MIBG and
there was also no stem cell transplant facility.
Nevertheles ahead, early diagnosis and post-theurapeutic response assessment of neuroblastoma using I-131
MIBG diagnostic also up-front and tandem of I-131 MIBG therapeutic prior to standard chemotherapy regimen
and surgery may become promising and beneficiary in the future shall the limitations solved. I-131 MIBG may
also take a role in delivering a good pain relieved for an advance case.
Keyword: diagnostic, I-131 MIBG, neuroblastoma, therapeutic
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Thyrotoxicosis resulting hyperfunctioning metastases of thyroid cancer is extremely rare. Hyperfunctioning
metastatic thyroid cancer also presents a therapeutic challenge, as both the metastatic cancer and thyrotoxicosis
need to be treated. It also increasing morbidity and chances of mortality due to radioiodine therapy. We report
54-year old female patient diagnosed as papillary thyroid carcinoma (PTC) with multiple bones (cranial and
femur) and multiple lung nodules metastases presented. She had a symptoms of thyrotoxicosis during her thyroid
hormone withdrawal as a preparation of second radioiodine therapy. Pre-radioiodine clinical examination
revealed tachycardia, tremors, and weight loss. She had previous history of high dose radioiodine therapy 6
months ago without any sign of thyrotoxicosis. Pretreatment with high doses of antithyroid drugs and beta
blocker was given and continued during the I-131 therapy to avoid complications due to release of excessive
thyroid hormones by the hyperfunctioning metastatic lesions. The patient was treated with 150 mCi (7.4 GBq)
131 I as second therapy without any significant side effects. The TSH level was 2.280 μIU/mL on the day of I131 treatment, and Thyroglobulin (Tg) level was 632 ng/mL. After the I-131 treatment, her thyrotoxicosis
subsequently decreased subsequently and antithyroid drug was discontinued. After the patient become
hypothyroid, she received L-T4 100 mcg daily to suppress her TSHs levels. At twelve month of follow up
showed undetectable Tg level with the absence of interfering antibodies and no significant uptake of radioactive
iodine scan in her multiple metastatic lesions which appropriate with her clinical symptoms and other imaging
modalities result. A very good response of this patient mau due to high affinity of radioiodine to hyperfunctional
metastatic thyroid cancer. Concluding remark: Radioiodine treatment with antithyroid drug is the treatment of
choice for hyperfunctioning metastatic thyroid cancer because metastatic lesion of differentiated thyroid cancer
only effectively be treated with radioiodine and thyrotoxicosis is not fully controlled in and prompt clinical
recovery without radioactive iodine therapy.
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Background: Regardless of advances in medicine, infection continues to play a major role in patients’ morbidity
and mortality. Tuberculosis (TB) is one of the top 10 causes of death worldwide with 10% of worldwide
prevalence occurred in Indonesia.
Nowadays, several existing diagnostic modalities are intended for identifying intra-pulmonal tuberculosis
lesions, while extra-pulmonal lesions are still difficult to be identified.
Infection scintigraphy using Tc-99m ethambutol (EMB) is a more specific nuclear medicine procedure in
identifying tuberculosis lesions.
The aim of this study is to evaluate the capability of Tc-99m EMB scintigraphy in identifying suspected
tuberculosis lesions.
Material and Method: This is a retrospective-descriptive study. Datas were collected through medical record of
both tuberculosis and suspected tuberculosis patients who underwent Tc-99m EMB scintigraphy between year
2012 to 2016 in Department of Nuclear Medicine and Molecular Imaging Dr. Hasan Sadikin General Hospital.
Tc-99m EMB scintigraphy was performed using SPECT/CT camera. Early and late imaging were taken. Images
were evaluated visually and considered to be positive if there is non-physiological radiopharmaceutical uptake
found.
Result: There are 60 subjects (25 (42%) male and 35 (58%) female) with age range between 2 - 82 y.o. Early
imaging was performed between 15 to 60 minutes after radiopharmaceuticals injections, while late imaging
between 2 to 24 hours and these showed a positive result in 23 (38%) subjects and 37 (62%) negative result.
There were a total of 74 lesions found in 23 positive Tc-99m EMB scan results. There were 63 lesions (85%)
found extra-pulmonal and 11 lesions (15%) intra-pulmonal.
The extra-pulmonal lesions were located at pleura (3 lesions (4%)), os. Vertebrae (23 lesions (31%)), skeletal
non-vertebrae (30 lesions (41%)), soft tissue (4 lesions (5%)), lymphnode (12 lesions (16%)), spleen (1 lesion
(1%)) and gall bladder (1 lesion (1%)).
Conclusion: Tc-99m EMB scintigraphy is a promising imaging modality to identify extra-pulmonal tuberculosis
lesions of patients with suspected tuberculosis.
Key Word: Tc-99m ethambutol (EMB) scintigraphy, Tuberculosis lesion

Clinical
PP-005 (AF0099)
68 Ga Pentixafor PET/CT Imaging Targeting CXCR4 Chemokine Receptors: First Asian Experince in
Lung Carcinoma
Ankit Watts1, Baljinder Singh1*, Ninjit Dhanota2, Mehak Vohra2, Harmandeep Singh1, Rajender Kumar1,
Amanjit Bal3, Rakesh Kapoor4, Sunil Arora2, Hans Wester5, Bhagwant Mittal1 and Digamber Behra6
1

Dept of Nuclear Medicine & PET, PGIMER, Chandigarh, India,
PGIMER, Chandigarh, India,

3

6

Department of Immunopathology,

Dept of Histopathology, PGIMER, Chandigarh, India,

Radiotherapy, PGIMER, Chandigarh, India,
Munich, Germany,

2

5

4

Dept of

Pharmaceutical Radiochemistry, Technical University of

Dept of Pulmonary Medicine, PGIMER, Chandigarh, India
drbsingh5144@yahoo.com

Objective: To evaluate the diagnostic utility of 68Ga Pentixafor PET/CT in all subtypes of lung carcinoma and
to correlate tumor uptake of the radiotracer with CXCR4 tumor expression/density as a function of the tumor
sub-type.
Materials and methods: Sixty two (49M: 13F; mean age= 62± 10 yrs) with histopathologically proven lung
carcinoma [Non-small cell lung carcinoma - NSCLC=48 (with squamous cell in 36, adenocarcinoma in 10; NOS
in 2), Small cell lung carcinoma - SCLC in 8 and primary lung Neuroendocrine tumor- NET in 6] underwent
68Ga-Pentixafor PET imaging. Biopsied lung tissue samples were subjected to fluorescence-activated cell
sorting (FACS) analysis using CD184 antibody. Mean Fluorescence Index (MFI) was documented as measure of
CXCR4 receptor density. 68Ga PET/CT data was reconstructed and the estimated SUVmax values were
correlated with FACS results for CXCR4 expression/density. About 110-150 MBq radioactivity of freshly
prepared 68Ga-Pentixafor (synthesized by using Scintomics automated chemistry module procured under DSTFIST Project Funding) was administered intravenously. Whole body contrast enhanced CT (120Kv, 200300mAs, Pitch 0.98:1, Slice thickness 3.75mm) followed by PET from skull to proximal thighs (3min/bed
position; 7-8 positions) was acquired at 1-hour post injection. Data was reconstructed using iterative method (3
iterations, 28 sub-sets) and interpreted both visually and quantitatively.
Results: The mean 68Ga-Pentixafor SUVmax value in squamous cell and adenocarcinoma patients was 6.8±1.7
(n=36) & 8.8±1.4 (n=10), respectively. The corresponding MFI value assessed in these patients was 132 ±62 and
151±50, respectively. On the other hand, in SCLC patients (n=8), the mean SUVmax value was 9.6 ± 2.0 with
MFI score of 167±56. In patients with primary lung NET disease (n=6), the mean SUVmax value was 6.1±0.1
with MFI score of 96 ± 22. Our results demonstrated that among NSCLC patients, a significantly higher
SUVmax was seen in adenocarcinoma variant than in squamous cell and the higher uptake correlated with higher
CXCR4 expression. In SCLC, SUVmax value was significantly higher than in NSCLC and NET patients and
was associated with the higher CXCR4expression/density in SCLC patients.
Conclusion: 68Ga-Pentixafor uptake directly correlates with CXCR4 expression in lung carcinoma. SCLC

demonstrates higher CXCR4 expression as compared to NSCLC. This novel PET Tracer is anticipated to pave
the way for the development of CXCR4 targeting radionuclide theranostics in advanced stage malignancies.
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Small groups of thyroid cancer patients might have unfavorable outcomes during the course of the disease, with
10 year survival rate about 47%. Among those cases are the follicular type and patients with distant metastasis.
More than half population of the patients with distant metastasis can develop iodine-refractory thyroid cancer
(IR-TC). We report nine cases of thyroid cancer with distant metastasis who progress to IR-TC, based on
American Thyroid Association Thyroid Nodule/Differentiated Thyroid Cancer Guidelines 2015 categories.
Among nine cases, only one case showed tumor inability to concentrate I-131 since the first therapy, and stay
stable after an accumulating doses of 500mCi. While one case with I-131 uptake, on the neck and the lung,
developed negative iodine bone metastasis during follow-up, other seven cases showed I-131 uptake on all of the
lesions. Despite of the uptake, all showed biochemical progression, and only one cases without evidence of
anatomical progression. No cases showed negative I-131 uptake after prior evidence of I-131 uptake. The
characteristic of the subjects were assessed. Four subjects were male, and five were female. Most of the subject
were papillary cancer, interestingly, only one subject with follicular type. The latest, showed T2 multifocal
tumor without extra-thyroid extension and nodal metastasis, while those characteristic presented in others. Only
two subjects with T2 tumor, while other with T3-T4 tumor. Stimulated pre-ablation thyroglobulin level in the
absence of thyroglobulin antibody, range 108-618 ng/mL in those with lung metastasis, and 3,250-328,800
ng/mL in those with bone metastasis. In subjects with I-131 uptake, five showed residual disease on the second
post-ablation scan, four of those with biochemical progression. Following anatomical imaging of those subjects,
denote disease progression. Three subjects were died during follow up, all showed biochemical progression since
the first time of follow up. Two of those were with residual disease along with nodal and lung progression, while
one with bone metastasis that progressed. Early identification of factors related to IR-TC development can be a
challenge. Patient characteristic, such as tumor size, extra-thyroid extension, multifocality, nodal metastasis,
distant metastasis, and stimulated pre-ablation thyroglobulin level might provide incremental value for predicting
IR-TC development. Moreover, proven residual disease, biochemical, and anatomical progression after second
ablation might also be considered.
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Background: Palliative bone pain therapy in patient with metastatic bone diseases can be performed by the use
of Samarium-153 EDTMP. The purposes of this study were to evaluate the analgesic response and
myelosuppression effect of Samarium-153 EDTMP in the palliative treatment of metastatic bone pain.
Method: The subjects of this prospective study were the patients with metastatic bone diseases who were
referred to Nuclear Medicine Department of Hasan Sadikin General Hospital in 2018. Samarium-153 EDTMP
were injected intravenously and whole body scan were done at 24 hours after administration. After the
administration of Samarium-153 EDTMP, complete blood count and visual analogue scales were observed every
week until the sixth week. Bone scan was performed at the fourth week.
Result: There were 5 men and 1 woman with underlying prostate cancer and breast cancer (24 to 79 years old)
with bone pain metastases. All of them showed great analgesic response as showed in the visual analogue scales.
Lesions with higher uptake had better analgesic responses. There were no new lesion in the follow-up bone scan.
There were transient haemoglobin, leucocyte, and platelet count reduction in the third to fifth week followed by
recovery to the normal level at the sixth week. No other serious adverse effects were observed.
Conclusion: Samarium-153 EDTMP bone pain therapy provide effective palliation in patients with metastatic
bone pain. The effect of myelosuppression occurred at the third week to the fifth week and recovered to normal
level at the 6 weeks. Lesions with higher uptake level showed better analgesic responses.
Keywords: Samarium-153 EDTMP, myelosuppression.
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Radium-223 dichloride (Ra-223) targeted alpha therapy has been approved as radionuclide treatment for
castration-resistant prostate cancer (CRPC) with symptomatic bony metastases patients. In the ALSYMCA study
(1), Ra-223 therapy showed significantly increased overall survival and delayed the time to first symptomatic
skeletal- related event. Ra-223 reduced bone pain and improve quality of life as compared with placebo(2).
In March 2015, Ra-223 was first treated for bony metastases in CRPC in Thailand. Overall 48 patients have been
treated in public and private hospitals in Thailand. Twelves cases were treated in Siriraj hospital, Bangkok,
Thailand. All patients are CRPC with symptomatic skeletal metastasis. They have no visceral metastasis such as
brain, lung or liver. The treatment protocol (3) is 4-week intervals of 6 intravenously injections of 55 kBq Ra223 per kg body weight. Computed tomography (CT) of chest and abdomen was performed before treatment to
exclude visceral metastasis. Bone scan, complete blood count (CBC), prostate specific antigen (PSA), alkaline
phosphatase (AP) and lactate dehydrogenase (LDH) were performed before starting treatment and after 3rd and
6th doses of treatment. In addition, CBC was evaluated 1 week before each Ra-223 injection.
There were 12 cases who were treated with Ra-223 since January 2017. Eight patients received complete 6 doses
of Ra-223 while 1 case have been undergoing Ra-223 at the censor date. In eight patients who received complete
course of Ra-223, the range of PSA before and after Ra-223 therapy were 10.45-461.6 ng/ml and 0.747-642.5
ng/ml, and the range of AP were 71-402 U/L and 43.5-163 U/L, respectively. After 3 injections, bone scan
showed progression in 85.7% (6/7 cases) and improvement in 14.3% (1/7 case). After 6 injections, bone scan
showed 14.3% (1/7 case) improvement, 57.1% (4/7 cases) mixed response and 28.6% (2/7 cases) progression.
The pain relief was observed in first injection in 66.67% (8/12 cases). Patients who did not have bone pain after
1st, 2nd and 3rd injections were 2, 2 and 3 cases, respectively. In this study, the common adverse effects are
hematogenic adverse event. There were 3 cases who had received Ra-223 treatment less than 6 injections. First
case developed spinal cord compression after 5 doses and was referred for surgery. Second patient developed
gross hematuria and thrombocytopenia and subdural hematoma after 2 doses. The third patient developed
pancytopenia and bone marrow metastasis after 1 injection and deceased 4 months later.
In conclusion, Ra-223 showed benefit in CRPC with symptomatic bony metastases and no known visceral
metastasis. Pain relief after the first injection of Ra-223 was observed in 2/3 of patients. Alkaline phosphates
decreased after Ra-223 treatment.
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Purpose: F-18 FDG PET/CT is widely used for the diagnosis and staging in patients with NSCLC. However, its
relatively low sensitivity to detect brain metastasis is one of limitations of PET/CT, as brain metastasis are not
uncommon even in patients with early stage NSCLC. The purpose of this study was to evaluate an additive role
of PET/CT to predict brain metastasis in patients with T1 and T2 adenocarcinoma of lung
Methods: A total of 395 neurologically asymptomatic lung adenocarcinoma patients with T1 and T2 on chest
CT from 2011 to 2014 were enrolled, consecutively. All patients underwent chest CT, F-18 FDG PET/CT and
MRI as a part of initial staging. TNM-staging (TCT, NCT and MCT) were determined on diagnostic CT scans
according to the AJCC staging system (7th edition). SUV and metabolic-volumetric parameters of primary
tumors (TPET) were obtained and N/M re-staging (NPET, MPET) were determined on PET/CT. Brain
metastasis was determined on initial brain MRI and/or f/u imaging studies up to 6 months. (ROC) analyses were
performed to evaluate the optimal cutoff value for the continuous parameters. Logistic regression analyses were
done to evaluate both clinical and PET metabolic parameters to predict BM in lung adenocarcinoma.
Result: Of 395 patients enrolled, 51 patients (13%) had brain metastasis on brain MRI (n=43) and/or follow-up
imaging studies (n=8). The sensitivity and specificity of F-18 FDG PET for detecting mediastinal LN metastases
were 52.1% and 81.1%, whereas those of chest CT were 23.3% and 92.1%, respectively (P<0.01 by McNemar
test). PET/CT detected extrathoracic metastasis except brain in 26 in addition to the thoracic metastasis (n=97)
on chest CT. In univariate analysis, metabolic parameters of primary tumors (TPET) on FDG PET, that is
SUVpeak, TLG, and 2.5SUVmean had hazard ratios (HRs) of 3.69 (P<0.001), 4.71 (P<0.001), and 2.95
(P<0.001), respectively, while T-staging by CT (TCT) having hazard ratio (HR) of 1.98 (P=0.027). HRs for Nstaging by CT (NCT) and FDG PET (NPET) were 12.6 (P<0.001) and 13.5 (P<0.001), and HRs of intrathoracic
M-staging by CT (MCT) and M-staging by FDG PET (MPET) were 11.1 (P<0.001) and 57.4 (P<0.001),
respectively. In multivariate analysis, NCT and MCT staging on CT (HR 5.41; P<0.001, HR1.98; P<0.001) and
NPET and MPET staging (HR 3.1; P=0.056, HR37.3; P<0.001) had significant associations with the occurrence
of brain metastasis, respectively. The rate of silent brain metastasis was 0.6% in M0 and N0and 0.5% in Stage
IIA or less by PET/CT, and those were 0.9% and 1.3% by CT in patients with T1 and T2 lung adenocarcinoma
on chest CT.

Conclusion: Silent brain metastasis was not uncommon and its incidence rate was more than 1%, even in the
early stage of lung adenocarcinoma in our data. Additive roles of F-18 FDG-PET/CT to predict silent brain
metastasis in patients with T1 and T2 lung adenocarcinoma on chest CT were definitely achieved by detecting
extrathoracic metastasis (MPET). N-staging (NPET) and higher metabolic activity (TPET) on PET/CT also had
significant associations with silent brain metastasis, but their additive roles to predict brain metastasis had
marginal statistical significances.
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Objective: To assess the relationship between FDG-PET/CT maxSUV value in primary lung tumors and EGFR
mutation status.
Study objective: 137 patients with lung adenocarcinoma were scanned FGD PET/CT imaging and evaluated
EGFR mutation at the time of diagnosis.
Results: The mean age of patients: 60.3 ± 9.24, male was higher than female (71.5%), the majority of patients
were diagnosed in stages III and IV. 56.2% of patients carried EGFR wild-type. There was a statistically
significant difference in maxSUV values in the EGFR wild-type and EGFR-mutant groups (p = 0.04). Subgroup
analysis, in the primary tumor group at stage T3, had a maxSUV difference with mutant and wild-type groups (p
= 0.04). There was no difference between the two EGFR mutations and EGFR wildtye (p= 0.46, stage IV, p =
0.34), tumor size (T1, p = 0.93, T4, p = 0.41), mutanti position exon 19 and exon 21 (p = 0.75).
Conclusion: There was a significant difference in FDG uptake between the EGFR wildtype and mutant groups
(p=0,04). However, studies on a larger number of patients should be conducted to clarify the relationship when
analyzing subgroups by stage, exon-mutant location.
Keywords: FDG-PET/CT, maxSUV, EGFR, lung adenocarcinoma
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Purpose: Dynamic risk stratification (DRS) is widely used for follow-up of thyroid cancer patients. However,
there is only few studies about prognosis of patients whoafter down-stageding of DRS on DRS during the
follow-up.
Methods: We retrospectively reviewed DTC patients who underwent total thyroidectomy and radioactive iodine
(RAI) ablation between Jan-2000 and Dec-2002. ATA risk stratification and TNM staging (AJCC 8th) were
performed. And initial DRS was performed after 6-15 months after high-dose RAI therapy. We performed
regular surveillance of the patients using physical examination, TSH stimulated thyroglobulin (Tg), Tg-antibody,
RAI diagnostic whole body scan and neck ultrasonography. We retrospectively evaluated DRS of the patients
using TSH stimulated Tg, Tg-antibody and other imaging modalities. All the patients was underunderwent TSH
suppression therapy. Median follow-up period after RAI ablation was 15.5 years (range, 0.7-18.6 years), and
after restaging using DRS was 11.8 years (range, 2.1-16.1 years).
Results: Finally, 379 patients were included in this study. 77 patients were low risk, 154 were intermediate and
148 were high-risk according to ATA risk stratification. At initial DRS, 166 patients were excellent response, 56
were biochemical incomplete, 38 were structural incomplete and 119 were indeterminate response. Recurrencefree survival (RFS) was 1.8% (3/166) in excellent response and 16.8% (20/119) in indeterminate response.
Among these patients, 65 patients were changed to excellent or indeterminate response during the follow-up
period. Forty-five patients were changed to excellent response, and 20 patients to indeterminate response. Four
patients (6.2%) showed recurrence, but there was no difference of RFS between excellent and indeterminate
response (p=0.8). Twenty-two patients were down-staged after surgery, 9 patients were down-staged after RAI
therapy, and the other 34 patients were down-staged did not undergowithout any additional procedures. 2 of 22
patients after surgery, 2 of 9 patients after RAI therapy experiencedshowed recurrence. The patients who downstaged without any procedure showed better RFS (p=0.02).
Conclusion: There was no significant difference of RFS between excellent and indeterminate response groups
who converted from other response groups. The patients who down-staged without any procedure showed
excellent prognosis.
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Background: Radioactive iodine (I-131) is the only theranostic agent for management of differentiated thyroid
cancer (DTC) in Myanmar and is used for both radioactive iodine therapy (RAI therapy) and radioiodine whole
body scan (I-131WBS) as theranostic molecular imaging. SPECT/CT has been installed in Yangon General
Hospital since June 2014 and aids in lesion localization, staging and differentiating benign from malignant
lesions. Installation of PET/CT in Yangon General Hospital since September 2015 has become an important role
in management of radioiodine refractory thyroid cancer patients since glucose uptake is increased in less
differentiated thyroid cancer cells.
Materials and method: From September 2015 to October 2018 (38 months). Total of 482 DTC patients have
taken RAI therapy (including remnant ablation and radioiodine treatment) and all of these underwent post
therapy scan 72 hours after RAI therapy. SPECT/CT was done in 48 patients. Recheck surveillance scan which
is usually done 6-12 months after RAI therapy was done in 233 patients, among which SPECT/CT in 30 patients.
Patients with functioning remnant thyroid tissue or loco-regional or distant metastasis received subsequent RAI
therapy, in which 33 have taken RAI therapy for 2 times and 3 patients for 3 times. Remaining have suppressed
scan with good clinical parameters and good response to treatment. 18F-FDG PET/CT was done in five patients
who became not responsive to I-131 therapy. They presented with new metastatic lesions, no radio-iodine avidity
in I-131 WBS scans and their serum thyroglobulin (Tg) was still rising (> 70 ng/ml) even after last I-131
therapy. On 18F-FDG PET/CT, FDG avidity was found in metastatic lesions (two in pulmonary, one in skeleton,
one in recurrent thyroid tissue, one in cervical and mediastinal nodes). Two patients received radiation therapy
and one is taking tyrosine kinase inhibitor.
Conclusion: The combination of radionuclide imaging and therapy has contributed to personalized medicine and
FDG-PET/CT becomes an important role in management of DTC.
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We evaluated the response to 177Lu-PSMA radioligand therapy (RLT) in a subset of metastatic prostate cancer
patients, as part of an effort to determine the characteristics of patients with favourable response to this therapy
to in turn enable ideal future patient selection.Objectives: To determine response to 177Lu-PSMA RLT in a
cohort of 45 patients with lymph node predominant metastatic PCa, and to report i) maximal PSA response; ii)
PSA progression-free survival (PSA PFS; where PSA progression is defined as ≥ 25% PSA increase above the
nadir PSA, confirmed with a repeat PSA); iii) radiographic progression-free survival (68Ga-PSMA PET/CT by
PERCIST/RECIST 1.1 criteria) (rPFS); iv) overall survival (OS); and v) adverse effects (by CTCAEv4). We
also aimed to determine whether there is a difference in response to 177Lu-PSMA therapy in patients with LNM
with, versus without, bone metastases.
Methods: We undertook a multicenter (categorized as ‘Australian’ and ‘non-Australian’) single-arm open
labelled retrospective cohort study of 45 patients. Eligibility criteria for RLT were age >18 years, histologically
proven PCa, and adequate bone marrow function (Hb > 80 g/L, WBC > 3 x 109 cells/L, platelets > 75 x 109
cells/L), liver function (ALT, AST, ALP < 1.5 x ULN) and renal function (creatinine < 1.5 x ULN). Patients
gave written informed consent, and were administered 177Lu-PSMA RLT 8-weekly. Patients included had
lymph node metastases (LNM) with or without one or two bone metastases detected on 68Ga-PSMA PET/CT.
Statistical analysis was performed using Stata 14.2 (Texas, USA), using χ2 tests for categorical variables and ttests for continuous variables for comparison of subgroups. Kaplan-Meier estimates and log-rank tests were used
for evaluation of survival. A p value < 0.05 was defined as statistically significant.
Results: Prior to 177Lu-PSMA, 35 patients had LNM and 10 patients had LNM plus one or two bone
metastases. Median pretreatment PSA was 18 μg/L (IQR: 3.3-39). A median of three 177Lu-PSMA RLT cycles
was given, with median cumulative 177Lu activity of 14.5 GBq (IQR: 12.2-19.7). Median follow-up was 25
months (IQR: 18-38). Maximal PSA response was > 50% for 36 (80%) patients, and > 90% for 25 (56%)
patients. Median maximal PSA response was 92% (IQR: 70-99). Median PSA PFS was 15 months. Thirty
patients progressed (on 68Ga-PSMA PET/CT), while median rPFS was 16 months. Patients with LNM had
significantly longer OS than patients with LNM and one or two bone metastases (p = 0.045, log-rank test).
177Lu-PSMA RLT gave mild, transitory adverse effects (fatigue, nausea and vomiting, xerostomia). No severe

haematological or renal toxicities were reported. OS did not differ significantly between Australian and nonAustralian patients (p = 0.82, log-rank test). Five patients (11%) died during follow up.
Conclusions: 177Lu-PSMA confers PSA and radiographic PFS of many months’ duration for patients with
metastatic lymph node predominant PCa. Patients with LNM but without bone metastases demonstrated a better
response to 177Lu-PSMA RLT than those with LNM plus bone metastases when response was measured by OS.
No severe haematological, renal or other toxicities were observed in this retrospective analysis.

Clinical
PP-014 (AF0060)
Follow Up of Refractory to Radioiodine Differentiated Thyroid Carcinoma Patients at Tertiary Institute
Fatima Begum1*, Jasmin Ferdous1, Urnas Islam1, Rahima Perveen1, Farhana Haque1, Afm Kamal Uddin2,
Mohammad Abdus Sattar3 and Nurun Nahar1
1

National Institute of Nuclear Medicine & Allied Sciences (NINMAS), Bangladesh Atomic Energy Commission,
Bangladesh,

2

Department of Radiation Oncology, National Institute of Ear, Nose & Throat, Bangladesh,

3

Department of Otolaryngology-Head & Neck Surgery, Bangabandhu Sheikh Mujib Medical University,
Bangladesh
fatima8ninmas@gmail.com
Objective: The objective of this study was to evaluate the follow up conditions of the patients those were
diagnosed as refractory to radioiodine differentiated thyroid carcinoma (RR DTC).
Materials and Methods: In this longitudinal observational study, 28 RRDTC patients were obtained from
Thyroid Division; NINMAS those had been treated by radioiodine and being followed up in this Institute. All
patients had consented to use their data. All of them showed iodine avidity initially and then developed RR
during follow up period of 2-28 years after first radioiodine treatment. RR was determined by non iodine avidity
(93%) in last post radioiodine therapy whole body scan (RxWBS). Two of them (7%) showed persistent iodine
avid lesions but progression despite high doses of radioiodine. Associated diagnostic findings were high
thyroglobulin (Tg) (92%) or high anti Tg antibody levels (8%), persistent lesions on Ultrasound (83%), bone
scan (8%), CT (8%), MRI (4%) or PET-CT (21%).
Results: Most of the patients (24/28; 86%) were diagnosed as papillary thyroid carcinoma (PTC). Among PTC
patients, 16/28 (57%) presented with lymphnodes metastases at presentation, 5/28(18%) patients were PTC
without metastasis, 3/28 (11%) follicular variant of PTC. All of the follicular thyroid carcinoma (FTC) patients
(4/28, 14%) had presented with metastases at the time of diagnosis. Age of the patients at the date of first
radioiodine treatment ranged 09-62 years (mean ±SD, 41 ± 14 years). Female to male ratio were 1.5:1. Total
radioiodine dose received by the patients, range, 250-1230 m Ci; mean ± SD, 539 ± 310 mCi. Tg levels were
high in 92% patients, ranged 28-300 ng/ml; mean± SD, 154± 135 ng/ml. High antiTgAb >500 U/ml were found
in 8% patients with low Tg level.
Ten patients (36%) experienced multiple neck surgeries or on other metastatic lesions. Five patients (18%)
received Tab Sorafenib (400 mg twice daily) treatment for 4-8 months. Initially two patients showed partial
regression of masses and then persistence of lesions. Ultimately all of them declined the option for continuation
of Sorafenib drug as they experienced severe fatigue, hand and sole desquamation. During Sorafenib treatment
there was no deterioration of WBC counts, biochemical liver and kidney function tests. Two patients (7%)
received systemic chemotherapy. One patient (4%) had been living with tracheostomy tube as because local
metastasis. Four patients (14%) went for external beam radiation therapy and tumor regressed in two cases still

they showed high Tg level might be due to presence of multiple lesions. Ethanol injections were given in neck
nodes in 3/28 (11%) cases and showed failure. Four patients (14%) have been receiving palliative care.
Conclusion: In this study, among RRDTC, 57% patients were PTC presented with cervical lymphnodes
metastases at diagnosis. These patients need multidisciplinary management approach to maintain their quality of
life but complete disease free condition is still uncertain.
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Introduction: Although differentiated thyroid cancer (DTC) is characterized by an excellent prognosis after
thyroidectomy and remnant ablation, recurrences often occur in 10-15% cases. American Thyroid Association
(ATA) recommended follow up with serum thyroglobulin (Tg) measurement. In Indonesia, to achieve optimal
sensitivity thyroid hormone withdrawl are used because rTSH and T3 are not widely available. However, thyroid
hormone withdrawl induced poorly tolerated side effects of hypothyroidism. An elevated serum Tg level is a
sensitive marker of residual cancer. We purpose measurement serum Tg measured during TSH suppression (Tgon) as follow up, to avoid any side effect of hypothyroidism.
Material and method: Forty nine subjects with near total thyroidectomy and remnant ablation are enrolled in
this study. Tg-on 3 months after remnant ablation and Tg-off 6 months after remnant ablation measurement were
performed; any other follow up also considered.
Result: Forty nine subjects including papillary thyroid carcinoma, follicular thyroid carcinoma and papillary
thyroid carcinoma variant follicular. There are strong correlation between Tg-on and Tg-off (r=0.93). All
subjects with raised Tg-on (>1 ng/dl) have elevated Tg-off 6 months after remnant ablation, therefore in this
cases therapy with radioactive iodine is needed; but there is no correlation between Tg-on and Tg-off in subjects
with negative Tg-on (<1 ng/dl).
Conclusion: In cases with high Tg on level, there is strong correlation between Tg-on and persistent disease;
however low Tg-on level doesn’t have any correlation with persistent disease.
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Introduction: Recent deep learning models have shown remarkable accuracy for the diagnostic classification of
brainimages. However, they have limitations in clinical application due to the gap between the training cohorts
with selective diagnostic groups and real-world clinical data with heterogeneous patients. We aimed to develop a
model trained only by normal brain FDGPET data with an unsupervised mannerto identify abnormality in
various disorders as imaging data of the clinical routine.
Methods: Training data of cognitively normal subjects were obtained from the Alzheimer’s Disease
Neuroimaging Initiative. Using variational autoencoder, a type of unsupervised learning, Abnormality Score was
defined as how far a given brain imageis from the normal data. The model wasapplied to patients
withAlzheimer’s disease(AD) and mild cognitive impairment(MCI). As an independent cohort, clinical routine
PET data for assessing behavioral abnormality and seizures were evaluatedby thismodel. Accuracy of the
Abnormality Score for discriminating disease from normal brain was measured by the area under curve (AUC)
of receiver-operating-characteristic (ROC) curve.In addition, we used an individualized map for localizing
abnormal patterns using this deep learning model. To ensure that this mappinghas additional benefits with
experts’ visual interpretation,we compared the experts’ visual interpretation the results with and without the
output of deep learning model.
Results: The AUCof the ROC curve for differentiating ADwas 0.90. Mini-Mental State Examinationscore and
Clinical Dementia Rating scale changes from baseline to 2-year follow-up were significantlycorrelated with
Abnormality Score at baseline (r = -0.19and 0.19, p < 1×10-4). The AUC of the ROC curvefor discriminating
patients ofanindependent cohort with various disordersfrom healthy controls was 0.74. Experts’ visual
interpretationwas helped by the deep learning modelto identifyabnormal 4patterns in 60% of cases, initially
notidentified without the model.
Conclusions: We suggest that the deep learning model trained only by normal data was applicable for
identifying wide-range of abnormalities in brain diseases, even uncommon ones, proposing its possible use for
interpreting real-world clinical data.
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There is a group of differentiated thyroid carcinoma (DTC) patients defined as intermediate risk according to the
American Thyroid Association (ATA) Guideline 2009, in whom no well-defined evidence can suggest the use of
low or high dose radioiodine remnant ablation (RRA). Further research is still recommended on ATA guidelines
for RRA therapeutic efficacy in intermediate risk group. A meta-analysis study was therefore conducted in order
to assess success RRA using low versus high dose in specifically intermediate risk DTC patient group. A
systematic search of Pubmed and Embase was performed. All studies that measured low and high dose RRA
success rate using laboratory and imaging as success ablation criteria were included. From 19 eligible studies, 6
studies were included in meta-analysis with 503 patients received low dose RRA and 509 patients received high
dose RRA from total number of 1012 intermediate risk DTC patients. Meta-analysis showed no significant RRA
success rate difference (RR 0.96; 95%CI 0.87-1.06; P = 0.43) using low or high dose, and further subgroup
analysis of randomized control trials and cohort retrospective studies confirmed the finding. In conclusion, the
use of both low and high dose RRA gives similar success rate for intermediate risk DTC patients.
Keywords: Papillary thyroid carcinoma, radioiodine, remnant ablation
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Introduction: Metastatic well differentiated carcinoma should be comprehensively treated with total
thyroidectomy, radioiodine ablation, and followed with levothyroxine suppression. Many literatures mention that
hyperfunction metastatic lesions are commonly manifested by follicular thyroid carcinoma. We report a rare case
of metastatic papillary thyroid carcinoma with hyperthyroidism manifestation.
Case: A 63 years old male patient with papillary thyroid carcinoma underwent total thyroidectomy in July 2012.
Histopathology finding showed T3 and N1 disease (stage III). After two and half years, the patient was sent to
NM department to have first radioiodine treatment as pulmonary metastatic lesions were detected. In the year of
2017, the disease was still persisted and came for another radioiodine treatment as patient also developed
tachycardia, decreased body weight, tremor, prolonged cough with blood. Before he was diagnosed of having
milliary lung tuberculosis based on chest X-Ray. His laboratory result showed TSHs <0.005 (0.27 - 4.2
uIU/mL), fT4 3.22 (0.93-1.71 ng/dL), thyroglobulin >3,000 ng/mL without levothyroxine consumption. He
underwent 200 mCi of radioiodine therapy with beta blocker consumption. Whole body scan showed no uptake
in the thyroid field with diffuse high uptake in both lungs and pelvic bone projection. The patient reported mild
red coloration in the chest skin after radioiodine treatment, by time the color became dark and diminished
without any symptom. Thyroid function test and body weight were normalized in about 3 months after
radioiodine therapy.
Discussion: Thyrotoxicosis resulting from functioning metastatic thyroid cancer is rare. Once the extrathyroidal
thyrotoxicosis has been diagnosed, therapy must be directed toward both treating the thyrotoxicosis and curing
the malignant disease, as both are major cause of morbidity and mortality.
Hyperthyroidism occurred between 1 month and 15 years (mean, 7.3 ± 4.3 year) after the initial diagnosis of
thyroid carcinoma.
Intense uptake of I-131 in the metastases, in spite of suppressed TSH levels indicates that the bulky/large burden
pulmonary tumor masses functioned autonomously to cause thyrotoxicosis. It may be explained by the
stimulation of TSH receptors on metastatic cells by TSI.
Conclusion: Although thyrotoxicosis due to autonomous, functioning metastatic thyroid cancer is rare, it
deserves consideration and recognition. A correct diagnosis is essential for appropriate treatment aimed at
resolving the thyrotoxicosis and treating the metastatic disease.
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18F-FDG PET/CT of Neurolymphomatosis with a Background of Ovarian Carcinoma
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We present a case report of a 58-year-old female with history of Granulosa cell ovarian carcinoma s/p TAHBSO
who presents with a nasophyarngeal tumor and chronic back pain and lower paraplegia. 18F-FDG PET/CT
showed hypermetabolic nasopharynx, generalized lymphadenopathy and thoracolumbar spinal cord involvement.
Histopathology confirmed Diffuse Large B-cell Lymphoma (DLBCL) presenting as neurolymphomatosis (NL).
Intra-thecal CHOP chemotherapy was given with good response on repeat 18F-FDG PET/CT. This the first case
with this rare presentation in our PET/CT center, Federal Siberian Research Clinical Center (FSRCC),
Krasnoyarsk, Siberia, Russia.
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Radioiodine Treated Differentiated Thyroid Cancer Patients with Lung Metastases: Follow Up Analysis
for more than 10 Yrs
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Introduction: The most common site of distant metastasis in differentiated thyroid carcinoma (DTC) is in the
lung. The aim of the study is to assess the outcome of radio iodine therapy (RAIT) in DTC patients with lung
metastases at long term follow up.
Material and Methods: A retrospective study was conducted among the registered and post ablated DTC
patients who received RAIT in different doses between 2001 to 2006 at National Institute of Nuclear Medicine &
Allied Sciences (NINMAS), BSMMU campus, Dhaka. They were followed up until 2017. A total 18 DTC
patients with lung metastases were enrolled in this study. High doses of 131I were administered and most of
them needed multiple therapeutic doses. Therapeutic responses were evaluated with whole body 131I scans and
stimulated serum thyroglobulin (Tg) levels were measured at long serial follow ups.
Results: A total of 18 DTC patients [M=8 (44%), F= 10 (56%)] with a mean age of 33.7 + 17.7 yrs (Range: 14
to 65 yrs) enrolled in this study. Tumor pathology consisted of papillary carcinoma 12 (67 %), follicular
carcinoma 4 (22 %), and follicular variant of papillary carcinoma 2 (11%). They had total or near total
thyroidectomy. Average post-operative serum Tg level at the time of presentation in Nuclear Medicine
department was 36.25 ng/ml (Range: 1.25 to 211 ng/ml) with a decline in serum Tg levels after RAIT to 27
ng/ml, (Range: 0.19 to 246 ng/ml). These group of patients received a total dose of 616 mCi (Range: 150 to 2400
mCi). The average follow up period was 8.7 yrs (Range:1 to16 yrs). We observed, complete response in 13
(72%) patients with average received dose 498 mCi, persistent disease in 4(22%) with an average received 131I
dose of 1116 mCi and 1 (6%) was lost to follow up. Routine consultation with pulmonologist before RAIT was
done in each of these patients with careful observation and care during isolation period.
Conclusion: Though complete or partial response is achievable after repeated high dose RAIT in DTC patients
with lung metastases, patients presenting with high serum Tg at initial diagnosis and subsequent bony metastases
are likely to show poor outcome.
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First-In-Human Study of a Novel Somatostatin Receptor Antagonist 68Ga-NODAGA-LM3 for Molecular
Imaging of Paraganglioma Patients
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Objectives: This study aims to analyze the safety and biodistribution of the somatostatin receptor (SSTR)
antagonist 68Ga-NODAGA-LM3 (NODAGA = 1,4,7-triazacyclononane,1-glutaric acid-4,7-acetic acid, LM3 =
[p-Cl-Phe-cyclo(D-Cys-Tyr-D-4-amino-Phe(carbamoyl)-Lys-Thr-Cys)D-Tyr-NH2]) in comparison with the
SSTR agonist 68Ga-DOTATOC and to assess the diagnostic utility of 68Ga-NODAGA-LM3 PET/CT in
paraganglioma patients.
Methods: From March 2017 to June 2018, ten paraganglioma patients (7 males, 3 females; age 35 - 66 y, mean
age 48.4 ± 11.0 y) were recruited after written informed consent. All patients underwent whole-body PET/CT
scans at 45-55 min after intravenous injection of 68Ga-NODAGA-LM3 (mean activity = 285 MBq,
radiochemical purity > 95%). 68Ga-DOTATOC PET/CT had been performed before (n=6) and/or after (n=4)
LM3 PET/CT for a head-to-head comparison as well as contrast-enhanced CT and MRI. 7 of the 10 patients
were studied also by 18F-FDG and/or 18F-DOPA PET/CT. PET/CT images were analyzed qualitatively
(visually) and semi-quantitatively (SUVmean and SUVmax). Regions of interest were drawn manually over
major organs. Tumor-to-background ratios (TBR) were calculated using volume of interest (VOI) based
SUVmax for target lesions (TL) and SUVmean for reference tissues (RT), namely, liver, kidney, spleen,
background (gluteus muscle), for the corresponding LM3 and TOC studies.
Results: 68Ga-NODAGA-LM3 was well tolerated in all patients, no adverse effects were noticed. 68GaNODAGA-LM3 PET/CT showed positive findings in 10/10 patients with SUVmax of 2.51-299.95 [mean ± SD,
53.78 ± 183.2. The comparative physiological uptake of 68Ga-NODAGA-LM3 to 68Ga-DOTATOC (SUVmean
[mean ± SD], LM3:TOC) in the liver, spleen, kidneys, red marrow were 5.55 ± 1.57 vs. 9.73 ± 2.30 (P < 0.01),
20.47 ± 6.93 vs 31,14 ± 7.50, 12.88 ± 4.57 vs 10.28 ± 2.02 and 1.16 ± 0.36 vs 0.98 ± 0.49, respectively.
Compared with 68Ga-DOTATOC PET/CT, 68Ga-NODAGA-LM3 PET/CT detected many more (243:177)
lesions including (27:18) lymph nodes, (11:3) liver and (190:143) bone metastases. With normal tissue as
background, LM3 associated TBR were TL-liver 15.7, TL-kidney 6.8, TL-spleen 5.4, TL-gluteus 156.5, AL
(mean value of all lesions)-liver 8.9, LL (liver metastases)-liver 5.1, AL-kidney 3.8, AL-spleen 2.4, AL-gluteus
57.5, respectively.
Conclusion: This first-in-human study demonstrates safety and very high diagnostic accuracy of the new SSTR
antagonist 68Ga-NODAGA-LM3 for imaging of SSTR positive paragangliomas. It provides a very favorable

biodistribution and was superior to the SSTR agonist in detecting tumor lesions, especially in the liver (due to
the distinctively higher TBR) and in the skeletal system. The results emphasize the great potential of the SSTR
antagonist 68Ga-NODAGA-LM3 for diagnosis and for guiding SSTR-targeted therapy (theranostics) of
paraganglioma patients.
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Objectives: To date, limited data are available concerning peptide receptor radionuclide therapy (PRRT) of
grade 3 (G3) neuroendocrine neoplasms (NENs) with a Ki-67 proliferation index of >20%. The purpose of this
study was to analyze the long-term outcome, efficacy and safety of PRRT in patients with SSTR-expressing
grade 3 (G3) NEN.
Methods: A total of 69 patients (M=41 males; age 28-81 years) received PRRT with Lu-177 and/or Y-90
labeled DOTATATE or DOTATOC. Kaplan-Meier analysis was performed to calculate progression-free
survival (PFS) and overall survival (OS), defined from start of PRRT, including a subgroup analysis for patients
with a Ki-67 of ≤55% and >55%. Treatment response was evaluated according to RECIST 1.1 as well as by
molecular imaging criteria (EORTC). Treatment-related adverse events were graded according to the CTCAE
v.5.0.
Results: 46 patients had pancreatic, 11 CUP, 6 midgut, 3 gastric, and 3 rectal NEN. Median follow-up was 94.3
months. The median PFS was 9.6 months and median OS was 19.9 months. For G3 NEN with a Ki-67 of more
than 55% (n = 53), the median PFS was 11 months and median OS 22 months. Patients with a Ki-67 >55% (n =
11), had a median PFS of 4 months and a median OS of 7 months. For those patients with positive SSTR
imaging, but no FDG uptake, the median PFS was 24 months and median OS was 42 months. In the group with
FDG scored as 3-4, the median PFS was 7.1 months and the median OS 17.2 months. For FDG scored as 0-2, the
median PFS was 24.3 months and the median OS 41.6 months. PRRT was well-tolerated by all patients; no
grade 3 or grade 4 hematotoxicity occurred and no clinically significant decline in renal function was observed.
There was no hepatotoxicity.
Conclusion: PRRT was tolerated well without significant adverse effects and is efficacious in G3 NEN with
promising clinical outcome, especially in patients with a Ki-67 index of <55% and even in patients who have
failed chemotherapy. Baseline FDG along with SSTR molecular imaging is useful to stratify those G3-NEN
patients with high uptake on SSTR PET/CT and no or minor FDG-avidity, a mismatch pattern which is
associated with a better long term prognosis.
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177Lu-PSMA-617 Radioligand Therapy in Mcrpc Patients with a Single Functioning Kidney
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Objectives: The aim of this study was to assess the safety, tolerability and effects on renal function as well as
the therapeutic efficacy of prostate-specific membrane antigen (PSMA) targeted radioligand therapy (PRLT)
using lutetium-177 (177Lu) labeled PSMA-617 in patients with metastatic castration-resistant prostate cancer
(mCRPC) and a single functioning kidney before PRLT.
Methods: Sixteen patients (age 53-78 y, mean age 64.7 ± 6.5 y) with a single functioning kidney received PRLT
with 177Lu-PSMA-617 between March 2015 and October 2018. All parameters of renal function (serum
creatinine, blood urea nitrogen and electrolytes) were prospectively documented in a structured database and
analyzed prior to each PRLT cycle and in follow-up. Renal function was further quantified by measuring TER
using 99mTc-MAG3 renal scintigraphy. Treatment-related adverse events (AEs) were graded according to the
CTCAE v.5.0. Kaplan-Meier analysis was performed to obtain the progression-free survival and overall survival,
defined from start of PRLT.
Results: A total of 54 cycles of PRLT were performed. The median administered activity was 22.1 GBq (range
15.4-33.8 GBq) in 2-6 cycles. Calculated radiation-absorbed doses of kidney were 0.81±0.32 Gy/GBq. Renal
function was already impaired at baseline in 43.7 % patients, according to CTCAE G1 in 25.0% and G2 in
18.8%. G1 and G2 renal functional impairment, respectively, were present in 37.5% and 6.3% of the patients
after the first PRLT cycle and in 31.3 % and 12.5% after the second cycle. No G3 or 4 nephrotoxicity was
observed during or after treatment. TER changed from 135.6 ± 47.3 at baseline to 127.1 ± 41.5 ml/min at followup post PRLT, with 10/16 (62.5%) patients showing a fall in renal function (5/16 >10%). The ratio of TER to
lower limit TER (TER/TERLoLi) changed from 0.82 ± 0.30 to 0.78 ± 0.29, declining in 10/16 (62.5%) and by
more than 10% in 4 (25%) of the patients. However, renal function (both TER as well as TER/TERLoLi ratio)
improved in 6/16 (37.5%) patients after treatment. There was no significant change in both TER and
TER/TERLoLi ratio after the last cycle of treatment (p>0.05). Any PSA decline 2 months after the first cycle
was noted in 9 patients (56.3%) with 7 patients (43.8%) demonstrating a PSA decline of ≥50%. Based on
EORTC, disease control rate (DCR) at 2 months (2.1 ± 0.3 months) post-PRLT was 68.8%, encompassing PR in
43.8% and SD in 25.0%, and by RECIST, PR in 43.8%, and SD in 31.3%. The median PFS was 8.1 months
based on both EORTC and RECIST. The median overall survival has yet to be reached with a median follow-up
time of 19.3 months (range 5.8-45.3 months).

Conclusion: In patients with a single functioning kidney, 177Lu-PSMA-617 radioligand therapy is feasible,
effective and is very well tolerated without any signs of acute or subacute nephrotoxicity during a mean follow
up of nearly 2 years (and up to 45.3 months). Further long-term follow-up of this special patient group is
warranted.
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Objectives: The aim of this study was to evaluate the role of 18F-FDG PET/CT in a large cohort of 495 patients
with advanced neuroendocrine neoplasms (NEN) who were treated with Peptide receptor radionuclide therapy
(PRRT) and had long-term follow-up.
Methods: 495 patients (M=299 males; age range 25-79 y, mean age 59.0 ± 10.7 y) received PRRT with 177Lu
and/or 90Y labeled somatostatin analogs (DOTATATE or DOTATOC), and were studied with both, 68GaSSTR and 18F-FDG PET/CT at baseline before PRRT. Kaplan-Meier analysis, log-rank test (Mantel-Cox), and
Cox regression analysis were performed for survival analysis.
Results: 199 patients (66.7%) presented with pancreatic NEN, 49 (15.9%) with CUP (cancer of unknown
primary), 139 with midgut NEN, whereas the primary tumor was present in the rectum in 20, in the lung in 38, in
the stomach in 8, in thymus/mediastinum in 4 and other locations in 38 patients. The median follow-up was 94
months (range 3 - 189 months). For all patients, the median PFS was 19.6 months and the median OS was 59.4
months. The median OS of patients with pancreatic, midgut and bronchopulmonary NEN were 54.4 months,
77.8 months and 46.2 months, respectively. For patients with 18F-FDG PET- positive (n=382), the median PFS
was 18.5 months and the median OS was 53.2 months. Patients with negative 18F-FDG PET (n=113), had a
median PFS of 24.1 months and a median OS of 83.1 months A significant difference was found for both, PFS
and OS, as p=0.0015 and p<0.0001, respectively. In the pancreatic NENs subgroup (n=199), the median OS was
114.3 months in 18F-FDG-negative group and 52.8 months in 18F-FDG PET-positive group (p=0.0006). For
patients with positive FDG uptake, and a ratio of the SUVmax on Ga-SSTR PET to the SUVmax on 18F-FDG
PET > 2, the median OS was 53.0 months, compared toh 43.4 months in those patients with a ratio < 2
(p=0.0296). For those patients with no 18F-FDG uptake, the median OS were 108.3 vs 76.9 months for a
SUVmax >15.0 and a SUVmax ≤15.0 on SSTR-PET, respectively.
Conclusion: 18F-FDG PET/CT is an independent prognostic factor in patients with NEN treated with PRRT.
High uptake on SSTR PET/CT combined with negative 18F-FDG PET/CT is associated with a better long-term
prognosis.
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Objectives: The aim of this study was to assess nephrotoxicity of peptide receptor radionuclide therapy (PRRT)
in a large cohort of patients with neuroendocrine neoplasms (NEN) treated over the last 20 years in our
institution.
Methods: A total of 1361 patients with NEN (male 767; mean age 60.0 ± 11.8y), treated with Lu-177DOTATATE/-TOC, Y-90-DOTATATE/-TOC, DUO-PRRT, or TANDEM-PRRT were included; all parameters
were prospectively documented in a structured database (comprising over 250 items per patient). Kidney
function (serum creatinine, blood urea nitrogen, cGFR, electrolytes) was evaluated prior to each PRRT cycle and
in follow up. Renal function was further quantified by measuring the TER and GFR. Treatment-related adverse
events were graded according to CTCAE v.5.0.
Results: 5448 cycles of PRRT were administered; in addition, 4052 records were available for restaging. The
median overall survival was 70.1 months with a median follow-up time of 91.8 months. Baseline creatinine was
normal in 82.0% of subjects, grade 1 (G1) renal insufficiency (RI) was present prior to PRRT in 16.2%, G2 in
1.7%, and G3 in 0.1%, respectively. After treatment, renal function was normal in 78.2%, 18.9% had G1, and
1.9% had G2 RI. CTC grade 3 events were recorded in only four patients (0.3%), of which two had a history of
recurrent urinary tract infections and two had already GTC-3 at baseline. No CTC-4 or 5 nephrotoxicity was
observed. TER changed from 207.7 ± 56.6 to 186.3 ± 53.8 ml/min (p<0.05); 45.5% of patients had a clinically
non-significant fall in renal function, whereas 32% showed an improvement of renal parameters after treatment.
GFR changed from 83.9 ± 24.3 to 76.4 ± 25.7 ml/min/1.73 m2 (p<0.05), including a clinically not relevant
decline of >10% in 46.2%, whereas 33.0% showed an improvement. Furthermore, there was no significant
change in the difference between the standardized absolute GFR and the individual normal value before and after
treatment (p>0.05). For those patients who received 1-4 and 5-10 cycles of PRRT, CTCAE at the end of PRRT
were 78.5% vs 72.9% in G0 (normal), 18.8% vs 21.9% in G1, 2.4% vs 4.8% in G2, and 0.3% vs 0.2% in G3,
respectively. For subgroup who received 8-10 cycles of PRRT, the annual loss of the mean value of TER
between 2003 and 2017 were <5% in 47.1%, 5%-10% in 17.6%, with an improvement in 35.5%, none were
>10%.
Conclusion: This retrospective analysis with prospective documentation in a large cohort of 1361 NEN patients,
receiving 5448 cycles of PRRT with optimal nephroprotection, treated at a single institution over 20 years (with

a median follow-up time of 91.8 months) did not reveal any evidence of significant long-term nephrotoxicity
after PRRT.
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Objectives: Peptide receptor radionuclide therapy (PRRT) with radiolabeled somatostatin analogues has been
proven very useful in the management of advanced, well differentiated neuroendocrine neoplasia (NEN).
However, little is known about pregnancy outcomes in patients who have received therapeutic activities of
radiolabeled peptides, keeping in mind probable negative radiation effects. We present here the pregnancy
outcome in NEN patients, who have received several cycles of PRRT.
Methods: Clinical features, treatment parameters, pregnancy and birth outcomes in four young NEN patients (3
females and 1 male, age 28-39 y, mean age 33.0 ± 4.7 y), who successfully gave birth to (or fathered) a child
after having received PRRT with 177Lu or 90Y labelled DOTATATE/DOTATOC/DOTA-JR11 between 2008
and 2018.
Results: All patients had well-differentiated (G1/G2) NEN, 1 pancreatic NEN with liver metastases, 1 pancreatic
NEN with liver, lymph node and cardiac metastases, 1 jejunum NEN with liver metastases, and 1 female patient
where NEN was arising from the ovary with extensive peritoneal, lymph node and liver metastases. Prior
treatments included surgery in two, octreotide LAR in two, and transarterial chemoembolization in one patient.
Baseline (pre-treatment) SUVmax on 68Ga-DOTATATE PET/CT was 47.5 ± 24.7 (range 12.3-71.3). 2 patients
were treated with 177Lu-DOTATATE/-TOC, whereas the other 2 patients received DUO-PRRT with sequential
administration of 90Y- and 177Lu- DOTATATE/DOTATOC/DOTA-JR11. The median administered activity
was 20 GBq (range 13-27 GBq) in 3-4 cycles. Treatment was tolerated extremely well by all patients without
significant adverse effects. At 3 months post-PRRT - based on molecular imaging criteria (EORTC), 1/4 patients
had CR, 2/4 PR and 1/4 SD, and by RECIST, 1/4 had PR and 3/4 had SD. After 3-4 cycles of PRRT, CR was
achieved in 2/4 and PR in 2/4 by both, EORTC and RECIST criteria. Conception in one female patient was by
in-vitro fertilization, whereas the mode of conception was natural in the other 3 cases. All the new-borns were
healthy and exhibited no malformations. All the children had normal development in the follow-up period until
September 2018. One male patient has actually fathered another child. The intervals from first PRRT to birth
were 20, 37, 52, 83 and 95 months, whereas that from last PRRT cycle to birth were 12, 27, 42, 67 and 84
months, respectively. All patients were alive with a follow-up period of 61-120-months after first PRRT.
Conclusion: Our results indicate that pregnancy and birth without sequelae are possible in patients with NEN
who have been treated with PRRT. Radiopeptide therapy offers a perspective for patients in the reproductive age

group who plan conception despite having received or are due to undergo PRRT.
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Although FDG PET has interrogated the tumor metabolic characteristics, the underlying genomic background of
the FDG PET heterogeneity features has not been well assessed. Here, we investigate the relationship and
predictive value for prognosis of tumor genomic and metabolic heterogeneity signatures respectively assessed by
genomic data and FDG PET in head and neck squamous cell carcinoma (HNSC).
Genomic and clinical data were obtained from the head and neck squamous cell carcinoma dataset of the cancer
genome atlas (TCGA-HNSC). The FDG PET data of the patients included in TCGA-HNSC was obtained from
cancer imaging archive (TCIA). Twenty-five patients were available for both genomic mutation data and FDG
PET data. After primary tumor segmentation and feature extraction, six FDG PET parameters [maximum
standardized uptake value (SUVmax), peak standardized uptake value (SUVpeak), metabolic tumor volume
(MTV), total lesion glycolysis (TLG), entropy, coefficient of variation (COV)] were obtained. The mutant-allele
tumor heterogeneity (MATH) value (n=508), which is a genomic heterogeneity signature, were evaluated from
somatic variants data. Genomic glycolysis signature (GlycoS, n= 503) were previously assessed from RNA
sequencing data using gene set enrichment analysis. These genomic and radiomic parameters were analysed
statistically by using correlation analysis, survival analysis, and Cox regression analysis. All tests were two sided
and p-values less than 0.05 were considered significant.
Six FDG PET features except SUVmax and SUVpeak showed significant association with MATH (R = 0.521, P
= 0.008 for MTV; R = 0.472, P = 0.017 for TLG; R = 0.488, P = 0.013 for entropy; R = 0.402, P = 0.047 for
COV; R = 0.328, P = 0.110 for SUVmax; R = 0.286, P = 0.250 for SUVpeak). Likewise, TLG, MTV and
entropy were also correlated significantly with GlycoS and COV tended to correlate positively (R = 0.590, P =
0.002 for MTV; R = 0.570, P = 0.004 for TLG; R = 0.519, P = 0.009 for entropy; R = 0.393, P = 0.057 for COV;
R = 0.331, P = 0.114 for SUVmax; R = 0.272, P = 0.291 for SUVpeak). As a result of Kaplan-Meier survival
analysis of 25 patients with optimal cutoff of each FDG PET parameters, high and low group showed significant
differences except COV and SUVpeak (P = 0.05 for SUVmax, MTV, TLG, entropy; P = 0.072 for COV; P =
0.317 for SUVpeak). In the same method with MATH and GlycoS in 499 patients, high group showed poor
prognosis (P = 0.002 for MATH; P < 0.001 for GlycoS). Also two genomic signatures were significant in
multivariate Cox regression analysis using clinicopathologic variables such as age, sex and tumor stage (P = .015
for MATH; P = .006 for GlycoS).

Tumor heterogeneity (COV, entropy) as well as metabolic volume parameters (TLG, MTV) assessed by FDG
PET was closely associated with genomic heterogeneity in HNSC. This indicate that FDG PET heterogeneity
and volumetric parameters are reflecting the tumor heterogeneity at genomic level. The integrative analysis of
PET and genomic features could have value for predicting patients’ outcome.
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Xi-chromosome Reactivation as a Therapeutic Approach for X-linked Cardiomyopathies.
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Mutations in various X-linked genes, such as LAMP2, DMD and GLA, have been implicated in the development
of X-linked cardiomyopathies.
We have recently generated isogenic iPSCs with distinctive X-chromosome inactivation status from a
heterozygous female patient with severe cardiomyopathy and differentiated them into cardiomyocytes for
modeling the autophagy failure associated with LAMP2 deficiency. Using this iPSC-based model, we have
provided the first evidence that the wild-type LAMP2 allele on the silenced X-chromosome (Xi-Chromosome)
can be reactivated by a DNA-demethylating agent that consequently ameliorates the cardiac dysfunction
associated with Danon disease.
Reactivation of the Xi-chromosome carrying the wild-type allele represents an emerging therapeutic approach in
various X-linked disorders. Nonetheless since most X-linked disorders are rare, and in the absence of a
appropriate human cell-based model, the discovery of potent and clinically relevant Xi-chromosome reactivating
drugs remains technically tedious and difficult.
Using the LAMP2-MT iPSCs, we have developed a simple but direct immunofluorescence assay to evaluate the
effects of different drugs in reactivating the Xi-chromosome. In brief, in our system, reactivation of the Xichromosome will restore the production of full-length LAMP2 protein that can be detected by the LAMP2specific monoclonal antibody. For initial experiments, we have tested three different DNA-demethylating agents,
including 5AdC, dexamethasone (Dex) and zebularine (Zeb). 5AdC (1μM and 10μM) and zebularine (Zeb)
(100μM) treatments significantly restored the production of LAMP2 protein in the LAMP2-MT iPSCs, while the
effects of dexamethasone (Dex) (up to 100nM) were not obvious.
To further evaluate if the results obtained from the LAMP2-MT iPSCs is applicable to other disease model, we
have tested the effects of the above drugs in the iPSCs-derived from patients with Rett syndrome, and the results
indicated that the applications of 5AdC and Zeb caused the reactivation of the silenced wildtype MeCP2 allele.
This results suggested that our isogenic iPSC lines with distinct X-chromosome inactivation status can be used
as a general human cell-based platform to evaluate the therapeutic effects of existing drugs and to screen for
novel Xi-chromosome reactivating drugs against different X-linked cardiomyopathies.
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Boron neutron capture therapy (BNCT) is a cellular-level radiation therapy which is based on the nuclear
reaction of the 10B nucleus in the tumor cells, followed by thermal neutron radiation to induce 10B nucleus
fission reaction, which absorbs low-energy neutrons to produce two high-linear-energy transfer particles (4He
and 7Li). These particles have great biologic effects and the most important, the destruction range confines
within a single tumor cell, causing little damage to the surrounding normal tissues.
The key element of the success of BNCT lies in a high quality of thermal neutron beam which could induce the
reaction and a boron-containing carrier which could be uptake selectively by the tumor cells while minimal
uptake by normal tissues within the irradiated field. Meanwhile, to illuminate the concentration of the boroncontaining carrier with a non-invasive imaging method also becomes a critical issue to predict the efficacy of
BNCT.
Currently, boronophenylalanine (BPA) is the most practical boron-carrier for the clinical use of BNCT. The
concentration of BPA in tumor cells and normal tissues could be monitored with 18F-boronophenylalanine
(FBPA), an 18F-labelled radiopharmaceutical analogue of BPA which can be detected by PET imaging. Base on
the information by FBPA-PET, nuclear medicine physicians will determine the uptake value from target tumors
and normal tissues closed to the tumor. Then, radiation oncologists can draw up treatment plans and confirm the
irradiation dose from the boron neutron capture reaction. Therefore, the FBPA-BPA theranostic combination
gives us a crucial picture to calculate the estimated tumor dose to assure safety and efficacy of BNCT.
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Background: Radioactive iodine (I-131) is the only theranostic agent for management of differentiated thyroid
cancer (DTC) in Myanmar and is used for both radioactive iodine therapy (RAI therapy) and radioiodine whole
body scan (I-131WBS) as theranostic molecular imaging. SPECT/CT has been installed in Yangon General
Hospital since June 2014 and aids in lesion localization, staging and differentiating benign from malignant
lesions. Installation of PET/CT in Yangon General Hospital since September 2015 has become an important role
in management of radioiodine refractory thyroid cancer patients since glucose uptake is increased in less
differentiated thyroid cancer cells.
Materials and method: From September 2015 to October 2018 (38 months). Total of 482 DTC patients have
taken RAI therapy (including remnant ablation and radioiodine treatment) and all of these underwent post
therapy scan 72 hours after RAI therapy. SPECT/CT was done in 48 patients. Recheck surveillance scan which
is usually done 6-12 months after RAI therapy was done in 233 patients, among which SPECT/CT in 30 patients.
Patients with functioning remnant thyroid tissue or loco-regional or distant metastasis received subsequent RAI
therapy, in which 33 have taken RAI therapy for 2 times and 3 patients for 3 times. Remaining have suppressed
scan with good clinical parameters and good response to treatment. 18F-FDG PET/CT was done in five patients
who became not responsive to I-131 therapy. They presented with new metastatic lesions, no radio-iodine avidity
in I-131 WBS scans and their serum thyroglobulin (Tg) was still rising (> 70 ng/ml) even after last I-131
therapy. On 18F-FDG PET/CT, FDG avidity was found in metastatic lesions (two in pulmonary, one in skeleton,
one in recurrent thyroid tissue, one in cervical and mediastinal nodes). Two patients received radiation therapy
and one is taking tyrosine kinase inhibitor.
Conclusion: The combination of radionuclide imaging and therapy has contributed to personalized medicine and
FDG-PET/CT becomes an important role in management of DTC.
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Objective: The objective of this study was to evaluate the efficacy and safety of a novel theranostic agent,
177Lu-DKFZ-PSMA-617 therapy in metastatic castration resistant prostate cancer (mCRPC).
Methods: 72 mCRPC patients with progressive disease despite second line hormonal therapy and/or Docetaxel
chemotherapy were recruited for the study. All patients underwent diagnostic 68Ga-PSMA-HBED-CCPET/CT,
prior to inclusion for therapy. Included patients underwent quarterly 177Lu-DKFZ-PSMA- 617 therapy.
Hematological, kidney function, liver function tests and serum PSA levels were recorded before and after every
therapy at 2 weeks, 4 weeks and 2 month intervals. Biochemical response was assessed using trend in serum
PSA levels. Metabolic response was assessed by PERCIST 1 criteria. Clinical response was assessed by visual
analogue score (VASmax) analgesic score (AS), Karanofskys performance status (KPS) and Toxicity and
response criteria of the Eastern Cooperative Oncology Group (ECOG) criteria.
Results: The mean age of patients was 65.6±10.2 years (range: 30-83 years). The mean activity administered
was 8330 ± 5106 MBq with a median of 3 cycles. There was a decline in the mean serum PSA levels from the
baseline (baseline: 312.12 ng/ml, post 1st cycle therapy: 180 ng/ml). Based on biochemical response criteria 7/72
(9.7%), 20/72 (27.7%), 18/72 (25%), and 27/72 (37.5%) had near complete response (CR), partial response (PR),
stable disease (SD) and progressive disease (PD), respectively. Metabolic response revealed 6/34 (17.6%)
patients with near CR, 12/34 (35.2%) patients with PR, 6/34 (17.6%) patients with SD, mixed response in 2/34
(5.8%) and 8/34 (23.5%) with PD. The mean VASmax score decreased from 7.8 to 3.3. The mean analgesic
score reduced from 3 to 1.9 after therapy. The mean KPS score improved from 35 to 69.2 after therapies. The
mean ECOG performance status improved from 2.5 to 1.75 after therapy. Seven patients experienced grade I and
grade II hemoglobin toxicity which was transient.
Conclusion: 177Lu-DKFZ-PSMA-617 radionuclide therapy is a safe and effective approach in the treatment of
mCRPC patients.
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Background: Theranostics approach is an established tool for specific molecular targeting both for diagnosis
and therapy. Radioiodine was first theranostic radiopharmaceutical which continues to survive the test of time.
I131whole-body scan (WBS) is an important imaging modality for staging and follow-up in patients with
differentiated thyroid cancer (DTC). Post I131therapy planar WBS detects additional metastatic foci in 10 to
26% of cases compared with diagnostic WBS. SPECT/CT improves disease localization and lesion
characterization, leading to more accurate N and M staging and has major effect on outcome.
Objective: To review the added value of SPECT/CT to radioiodine WBS in management of patients with DTC.
Methods: Retrospective review of planar and SPECT-CT imaging performed in 151 post-thyroidectomy DTC
patients between January 2014 and December 2017. Findings obtained on planar imaging were compared with
SPECT-CT for lesion characterization, TNM staging, American thyroid association (ATA) risk stratification and
patient management.
Results:
A total of 105 females and 46 males [Mean age: 35.6 years ± 12.4SD] were included.
TNM staging in postoperative patients; stage I [n=117], II [n=13], III [n=15] and IV [n=6]. Initial ATA risk
stratification; Low [n=25], intermediate [n=111], high [n=9] and indeterminate [n=6].
In comparison to planar WBS, SPECT-CT led to better localization of thyroid remnants as expected. In addition,
neck nodes (27.8%), pulmonary nodules (7.9%), bone (1.3%) and liver (0.6%) lesions were identified.
False positive radioiodine avidity on planar WBS was characterized as thyroglossal duct remnant (7.9%), rib
fracture and contamination [0.6% each], esophagus [6%], thymus (0.6%) and breast (2.6%). Two indeterminate
lesions on SPECT-CT required MRI correlation. In 11% non-radioiodine avid pulmonary nodules were
identified.
Overall, SPECT-CT upstaged disease based on ATA risk stratification (10%, p<0.001) which led to change in
management plan. Of these, 2.6% were upstaged from low to intermediate, 1.3% low to high and 3.3%
intermediate to high risk and downstage in 0.6%. The 2.0% where ATA risk was indeterminate on baseline
workup, SPECT-CT stratified these to intermediate risk.
Conclusion: The addition of SPECT-CT imaging significantly changed the pre-therapy ATA risk stratification,
thereby altering patient management recommendations in terms of follow up.
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Introduction: Prostate cancer patients with distant metastasis have poor prognosis and developed resistance to
all standard drugs at various time intervals. Therapeutic option which can alleviate symptoms and prolong
survival is in-search for these patients. [177Lu] prostate specific membrane antigen ([177Lu]PSMA) is a novel
drug based on theranostic concept. Here, we have presented the safety and efficacy profile of one cycle of
[177Lu]PSMA in metastatic castration resistant prostate cancer (mCRPC) patients who have exhausted all
standard therapeutic options.
Methods: Twenty two patients treated with at least first line anti-androgens and docetaxel were treated with one
cycle of [177Lu]PSMA therapy on compassionate basis. Haemoglobin, total leukocyte counts, platelets and
serum creatinine for toxicity profile while prostate specific antigen (PSA), eastern cooperative oncology group
(ECOG) performance status, visual analogue scale (VAS) and analgesic quantification scale (AQS) for
therapeutic efficacy were recorded pre and 8 weeks post therapy. Wilcoxon signed-rank and ANOVA tests were
used for statistical analysis.
Results: Partial response (PR), stable disease (SD) and progressive disease (PD) for PSA were seen in 5
(22.7%), 13 (59.1%) and 4 (18.2%) patients respectively treated with mean 6.88GBq dose of [177Lu]PSMA.
8/22 (36.4%) patients showed ≥ 30% drop in PSA. Grade 3 haemoglobin toxicity was seen in 5/22 (22.7%)
patients. No patient developed grade 4 haemoglobin toxicity. No patients had grade 3 or 4 leukocytopenia or
thrombocytopenia. Wilcoxon signed-rank test showed statistical significant (p <0.05) difference in pre and post
treatment ECOG, VAS, AQS scores while it was in-significant for PSA (P > 0.05). ANOVA test showed
statistically significant difference in mean doses of [177Lu]PSMA used in three PSA response group while
difference was non-significant for other variables.
Conclusion: We concluded that [177Lu]PSMA therapy has adequate pain palliation in all end stage mCRPC
patients and it has a potential to become effective therapeutic option in properly selected patients.
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Background: Thyroidectomy, Radioactive iodine (RAI) therapy and thyroid stimulating hormone (TSH)
suppression with thyroxine are the established forms of treatment for differentiated thyroid cancer (DTC). An
elevated level of TSH is needed for the RAI treatment to be effective. To achieve this rise in TSH, patients may
be instructed for withdrawal of thyroxine. Thyroxine withdrawal affects multiple organs and systems. The aim of
this study was to see the effects of thyroxine withdrawal in patients with differentiated thyroid cancer (DTC).
Materials and Methods: Twenty-one patients who underwent total or near total thyroidectomy due to DTC and
who were candidates for RAI therapy from July 2016 to May 2017 were enrolled in the study. Their body weight
and blood pressure (systolic and diastolic) were recorded and their lipid profiles and serum TSH were measured
before and two-to-eight weeks after thyroxine withdrawal. The parameters were compared with the paired t test.
P values <0.05 were considered statistically significant.
Results: The mean body weight before and after thyroxine withdrawal were 57.9 ± 10.3 kg and 63.4 ± 13.7 kg
(P<0.0001). Their systolic blood pressure were 107.3 ± 7.8 mmHg and 125.9 ± 14.3 mmHg and diastolic blood
pressure were 75.7 ± 7.8 mmHg and 88.4 ± 5.8 mmHg (p<0.0001) before and after thyroxine withdrawal. Mean
TSH were 1.9 ± 1.6 mIU/L and 45.4 ± 24.36 before and after thyroxine withdrawal (p<0.0001). The mean serum
concentration of total cholesterol, triglyceride, high density lipoprotein (HDL) and low density lipoprotein
(LDL) were 191.1 ± 50.3, 179.2 ± 78.2, 36.6 ± 9.4, 77.8 ± 16.4 mg/dl and 248.3 ± 64.5, 264.7 ± 164.4, 39.6 ±
7.4, 149.3 ± 50.3 mg/dl respectively before and after thyroxine withdrawal (p<0.0001).
Conclusion: The study showed that thyoxine withdrawal increase body weight, systolic and diastolic blood
pressure and all lipids significantly which are not desirable. However, clinical significance of these changes
needs further investigations.
Keywords: Thyroxine withdrawal, differentiated thyroid cancer, body weight, blood pressure, lipid profile.
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Introduction: Prostate cancer (PC) is the second most common cancer in men, after lung cancer. Bone is the
most common target of metastasis in prostate cancer. To detect bone metastases in prostate cancer patient, bone
scintigraphy with 99mTc-MDP is commonly used. In this study, we compared between 177Lu-CC34 PSMA
whole body scintigraphy (177Lu WBS) and 99mTc MDP bone scintigraphy (BS) in evaluating bone metastasis.
This study has been done as a part of the IAEA-CRP project E23005 “Dosimetry in Molecular Radiotherapy for
Personalized Patients Treatments”.
Methods: 177Lu-PSMA CC34 whole body scintigraphy (177Lu WBS) were done in PC patients with bone
metastatic lesion on bone scintigraphy. The time interval between bone scintigraphy and 177Lu WBS were about
2-4 weeks. 177Lu WBS was performed after 48 hours of the injection of 5 mCi 177Lu-PSMA CC34. Metastatic
bone lesions were compared between both modalities.
Result: The average age of patients was 68.4 y.o (57-75 y.o). Gleason score more than or equal to 8 was found
in 83.3% (5/6) patients. Four out of the 7 PC patients, 57.1% were positive for bone metastases on BS, while
only 3/7 (42.8%) patients were positive for bone metastases on 177Lu WBS. Base on the number of detected
lesions, 27/28 (96,4%) lesions were detected on BS and 24/28 (85,7%) were detected on 177Lu WBS. Based on
the comparison of the number of metastatic lesions on BS and 177Lu WBS studies, 82.14% (23/28) were
positive on both images, BS (+) but 177Lu WBS (-) in 14.28% (4 / 28), and BS (-) and 177Lu WBS (+) in 3.5%
(1/28). The Fisher exact test showed that there was no significant difference (p>0.05) between BS and 177Lu
WBS studies. No extra-osseous metastases were found on 177Lu WBS.
Conclusion: Metastatic lesions were observed slightly more on BS than 177Lu WBS studies, but without
significant difference. 177Lu-PSMA CC34 is a promising agent, but more studies are needed to confirm this
finding.
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Background: Colorectal cancer patients with high microsatellite instability (MSI-H), which is more frequent in
proximal (ascending and transverse) colon, have distinctive predictive and prognostic features compared with
those who have low/stable microsatellite instability (MSI-LS). More recently, after the U.S. Food and Drug
Administration (FDA) approval of immune checkpoint inhibitor for cancer patients with specific genetic feature,
which is MSI-H, evaluation of MSI status is getting more important. We investigated the relationship of FDG
PET/CT parameters, including tumor heterogeneity, with MSI status in stage II and III proximal colon cancer
patients.
Methods: Fifty-two Stage II and III proximal colon cancer patients, who underwent both pre-operative FDG
PET/CT and post-operative MSI assessment, were retrospectively evaluated. One patient who had pre-operative
stent insertion was excluded. After delineating the tumor using gradient-based method (PET Edge), PET
parameters were evaluated. Intratumoral FDG uptake heterogeneity (IFH) was defined as coefficient of
variations of standardized uptake values (SUVs) in the delineated tumor. Group comparisons (Mann-Whitney U
test), multivariate analysis and receiver operating characteristics (ROC) analysis was conducted.
Immunohistochemistry results, CD3 and CD8 level, were compared with MSI status and IFH, from subgroup of
28 patients.
Result: From 51 patients, 16 (31.4 %) exhibited MSI-H, and 35 (68.6 %) exhibited MSI-LS. PET parameters,
which were significantly higher in MSI-H patient group included SUVmax (median 17.3 vs 13.1, p = 0.038),
metabolic tumor volume (median 47.1 vs 16.3, P = 0.016), total lesion glycolysis (median 247.0 vs 137.0, P =
0.026) and IFH (median 0.40 vs 0.28, P < 0.001). Multivariate analysis indicated that only IFH remained
significantly associated with MSI-H (p = 0.004). ROC analysis for discriminating MSI status yielded an area
under the curve of 0.979 for IFH (P < 0.001). From subgroup analysis, CD3 and CD8 level was significantly
higher in the MSI-H group (p < 0.001 and p = 0.001, respectively) than MSI-L group. Both CD3 (r = 0.549, p =
0.02) and CD8 (r = 0.527, p = 0.02) level showed significant positive correlation with IFH.
Conclusion: Pre-operative tumor heterogeneity was significantly associated with MSI-H in stage II and III
proximal colon cancer patient. MSI-H colon cancer exhibit an active immune microenvironment infiltrated by
lymphocytes. FDG PET based heterogeneity may reflect the diversity of glucose metabolism in tumor and tumor
infiltrating immune cells, which makes it useful and potential predicator of MSI status for patients undergoing
treatment, such as immune checkpoint inhibitor.
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Introduction: In hyperthyroid therapy with NaI-131 the dosage or activity of NaI-131 is ideally determined by
the weight and uptake value of NaI-131 in the thyroid gland. However, in daily practice the dosage of NaI-131 is
given empirically. This will affect the success of therapy. The purpose of this study was to determine the
incidence of treatment of NaI-131 repetition in cases of hyperthyroidism and its association with the
administered initial dose.
Methods: This study was retrospective descriptive using adult patient data with the diagnose of hyperthyroid
and NaI-131 therapy in Department of Nuclear Medicine and Molecular Imaging Dr. Hasan Sadikin, Bandung in
the period 2012 - 2016. Data were collected and grouped based on the initial dose of NaI-131: <10 mCi and > 10
mCi. The number of NaI-131 was recorded.
Results: The number of adult hyperthyroid cases receiving NaI-131 was 3365 (age ranged 18-85 years). There
were 1788/3365 cases (53.1%) receiving the initial dose of < 10 mCi. A total of 1400/3365 cases (41.6%) were
repetitive NaI-131 therapy; 1124 of the 1400 (80.3%) cases were reported with the history of NaI-131 dose < 10
mCi as initial treatment.
Conclusion: Hyperthyroid patients who received NaI-131 therapy based on lower empiric dose have higher
probability for repeated therapy.
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Background: Neuroendocrine tumors (NETs) are rare tumors expressing somatostatin receptors (SSRs) that
allows use of radio-labeled peptides for positron emission tomography-computed tomography (PET-CT)
imaging and peptide receptor radionuclide therapy (PRRT) using 68Ga and 177Lu/Y-90 respectively. We report
our 10 months’ experience with Lu-177 labeled PRRT at INMOL, as the first center in Pakistan to offer the
therapy.
Methods: Patients were recruited following approval from ethical review board. Informed consent was obtained
from patients. 11 doses of 177Lu-PRRT were administered in 8 patients with histologically confirmed metastatic
NETs. 4 patients received two doses of 177Lu-PRRT 8 weeks apart. Average dose of 7.1GBq of 177Lu-PRRT
was administered intravenously. In all patients baseline imaging with Ga-68 DOTA-NOC was performed. Post
therapy imaging after177Lu-PRRT was performed using dual head gamma camera. Renal and hematological
toxicities were investigated using serum markers before and after treatment. Clinical and biochemical responses
were evaluated after each therapy. 68Ga-DOTA-NOC PET-CT was scheduled at 8 weeks post second therapy
and is available in 5 patients.
Results: 177Lu-PRRT therapy was tolerated well with no significant side effects observed. No hospitalization
beyond radiation safety measures and/ or blood transfusions was required after treatment. Mean changes in
serological and hematological markers before and after treatment were calculated. Mean difference in pre and
post treatment Hb levels was -0.180 g/dL+0.66, mean decrease in WBCs was 0.998x103+0.66and in Platelet
count difference was -4.40x103/uL+ 33.41. Mean rise in serum creatinine was only 0.11mg/dl+ 0.25. Mean
decrease in EGFR was 5.21+3.47mL/min/1.73/m2. Majority of patients showed response in terms of signs and
symptoms and biochemical response including decrease in urinary 5HIAA. PET-CT showed stable disease and
partial regression without any single patient showing progression.
Conclusions: 177Lu-PRRT was tolerated well and found safe in patients with NETs treated at INMOL. No
significant acute or chronic toxicities were observed following treatment in our patient population until 10
months after first therapy. Clinical and biochemical response is noted in our data without any progression of

clinical syndrome. We suggest wider availability of 177Lu-PRRT and extended facility to patients of NETs in
other medical centers of Pakistan.
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Aim: This study was carried out to determine the efficacy of recombinant human thyroid stimulating hormone
(rhTSH) and thyroid hormone withdrawal (THW) on whole body iodine clearance in radioiodine therapy
patients.
Methods: There were 2 groups of patients either; a) THW for 1 month or b) received rhTSH injection at 24 and
48 h prior to iodine therapy. Sequential exposure rates at 1 m and 5 cm in the air were measured in these patients
using a digital auto-ranging beta gamma survey instrument calibrated for measurement of exposure rates. The
mean measured exposure rates at 1 m and 5 cm in μSv/h immediately after administration and at 12 h intervals
until 3 days are used for calculating of effective half-life of clearance of administrated activity in both groups of
patients, 34 patients in THW group and 3 patients with rhTSH administration. The 131I activities ranged from
2960 to 5550 MBq.
Results: The mean administrated 131I activities were 4581.5 ± 844.8 MBq (n=34) in THW group and 5101.1 ±
584.6 MBq (n=3) in rhTSH group. The fall of radioactive body burden showed two clearance patterns within
observed 48 h. Calculated effective half-life at 1 m from abdomen for rhTSH group 7.88 h and THW group
13.51 h for elapsed period of 48 h. Furthermore, the effective half-life values at 5 cm from neck were 7.34 h
(rhTSH group) and 15.08 h (THW group). The overall results showed the radioactive body burden clearance
pattern for rhTSH group was faster compared to THW group.
Conclusion: This study has brought out radioactive clearance pattern between patients with rhTSH and THW
group. There is efficacy of rhTSH administration before RA131I therapy by reducing patients whole body doses.
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Congenital abnormalities of the genitourinary tract are the most common sonographically identified
malformations, with an incidence of 1 to 4 in 1000-pregnancies (Grandjean et al., 1999). As such they represent
15-20% of all prenatally diagnosed congenital anomalies (Elder et al., 1997) obstructive uropathies accounting
for the majority of cases. Prenatal diagnosis improves the outcome of the affected child because of early
recognition and treatment of critical obstructions and urinary tract infections, preventing further renal damage
and loss of renal function. With the introduction of modern ultrasound screening programs, about 60% of
children having surgery for renal or urinary tract problems in their first five years of life are identified by
prenatal ultrasound (Bhide et al., 2005).
This paper summarizes pregnancy and the prenatal diagnosis of their congenital malformations.
Methods: The study was conducted in private hospital in Ulaanbaatar between Nov.2011 and Dec.2014 among
pregnancy ultrasound check list based on instruments such as abnormalities in fetal case registers. The research
designed to collect data for quantitative purposes to obtain retrospective and cross actional study. The statistical
analysis evaluated by SPSS17.0 software processing.
Result: In this time were detected 25 congenital urogenital abnormalities (CUA) out of 3500 fetal ultrasound
cases. All disorders were 8.3% (290/3500), of which anamolia of 0.7% (25/3500), 1000\7.1\ to a newborn child.
Among the detected defects, was anamolia of the CUA 8.6% (25/290). CUA has following: hydronephrosis- 10,
multiple cyst-1, hypoplasty-1, obstruction of urinal tract-2, pyelectasis- 11. In 5 of 25(20%) cases were with
combined abnormalities. Early detection of fetal abdominal abnormalities by ultrasound is important for further
action.
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177Lu-PSMA-617 has been used for the treatment of patients with castration-resistant metastatic prostate cancer
with promising preliminary results. Besides, 68Ga-PSMA-11 has been widely evaluated for PET/CT imaging
prior to 177Lu-PSMA-617 therapy. On the other hand, 18F-labelled PSMA tracers can be produced in large
scales with the potential of high-quality and delayed images. A novel tracer: [18F]AIF-PSMA-HBED-CC (18FAlF-PSMA-11), was produced in our Centre with appropriate radiochemical purity for clinical evaluation.
The aim of this study was to compare the biodistribution of 18F-AlF-PSMA-11 and 177Lu-PSMA-617 before
the first cycle of therapy, in three patients with metastatic castration resistant prostate cancer. Additionally, we
compared on a head-to-head basis, the image quality and detection rate of 18F-AlF-PSMA-11 vs 68Ga-PSMA11 in a sample of high-risk prostate cancer patients at initial staging.
We enrolled three patients who underwent 18F-AlF-PSMA-11 PET/CT scanning 60 minutes after the i.v.
administration of 4.0 MBq/kg. After two weeks they received 6.0 GBq of 177Lu-PSMA-617. Post-therapy
SPECT/CT images were performed after 48 hours. We also analyzed 28 patients (median age: 63 years, range:
51-78 years) who underwent both 68Ga-PSMA-11 and 18F-AlF-PSMA-11 PET/CT scanning within a time
window of 1-2 weeks, 60 minutes after the i.v. administration of 2.0 and 4.0 MBq/kg, respectively. Studies were
performed with a 64-slice PET/CT scan with TOF correction. All patients had high-risk biopsy proven prostate
cancer prior therapy (Gleason > 7) with a median PSA level of 20.7 ng/mL (range: 1.7-137.0 ng/mL). We
measured the SUVmax in all abnormal foci as well as the SUVmax ratio (SR) in all coincident lesions, defined
as SUVmax lesion/SUVmax background. Gluteal musculature was selected as background.
Tracer uptake in lesions and normal organs was very similar for both 18F-AlF-PSMA-11 and 177Lu-PSMA-617
in the three patients. 18F-AlF-PSMA-11 and 68Ga-PSMA-11 PET/CT demonstrated abnormal findings in 26
and 25 patients (93% and 89%), respectively. Images of 18F-AlF-PSMA-11 were of high visual quality.
Moreover, 11/28 patients (39%) submitted for initial staging had evidence of metastatic disease. Abnormal foci
(n=106) were seen in the following sites: prostate gland (n=31), lymph nodes (n=23), bone (n=50) and lung
(n=2). For concordant lesions (n=79), we did not find a significantly different SR for both tracers: 7.5 (2.4-23.4)
and 7.2 (2.5-33.6), median (range), for 68Ga-PSMA-11 and 18F-ALF-PSMA-11, respectively.

18F-AlF-PSMA-11 and 177Lu-PSMA-617 seem to be a potential theragnostic tandem. 18F-AlF-PSMA-11
PET/CT is a promising imaging technique for the evaluation of prostate cancer patients at initial staging with the
potential to detect patients with metastatic disease that contraindicates surgery.
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The role of nuclear medicine is currently becoming more prominent in healthcare due to recent important
developments such as gallium-68 and lutetium-177 theranostics. Leading the way are European and Australian
experts, who, early on, have recognized the merits of highly sensitive and specific diagnostic imaging combined
with targeted therapy. After several years of experience and subsequent data collection by these forerunners, the
rest of the world is now following suit.
In the Philippines, F-18 fluorodeoxyglucose has been the only PET radiopharmaceutical, and radioactive iodine
therapy has been the only radionuclide treatment for a long time. Other PET radiotracers such as F-18
fluoromethylcholine and F-18 NaF, and other therapeutic procedures such as radiosynovectomy, selective
internal radiation therapy, and bone pain palliation took a while to be introduced. Driven by the goals of giving
hope to cancer patients and promoting nuclear medicine as a significant specialty, this author went to Germany
to train in one of the leading theranostics centers in the world.
Currently, St. Luke's Medical Center, a private institution, offers Ga-68 DOTATATE and Ga-68 PSMA PET/CT
scans, as well as their therapeutic Lu-177 counterparts. Talks with the hospital administration began as early as
October 2016. For a year, preparations including e-mail correspondence with suppliers, costing of procedures,
marketing meetings, drafting of protocols and consent forms, staff orientations, and lectures to other specialists,
were done. The test scans were performed in October and November 2017. In January 2018, the gallium-68
scans and lutetium-177 therapies were officially included in the list of hospital procedures.
The first peptide receptor radionuclide therapy and first PSMA radioligand therapy were successfully
accomplished on May 16, 2018 and June 15, 2018, respectively; the former for small cell neuroendocrine
carcinoma in the mediastinum and the latter for castration-resistant prostate cancer with lymph node, pulmonary,
hepatic, and osseous metastases.
Keeping up with one of the latest healthcare updates and establishing it in a developing country are daunting
tasks. Knowing how to begin is crucial, and this is where an exemplary training proves to be advantageous. A
pioneer must be able to convince the hospital administration to invest in new equipment, must be able to pass the
requirements of the national regulatory body, and must be able to take charge during the entire implementation.
The hard work is not yet over. There are still challenges, such as ensuring prompt release of the imported
lutetium-177 from the Bureau of Customs, and obtaining approval from the local FDA to import lysine and
arginine. Furthermore, the availability of theranostics in the country must be disseminated to more patients, and

evidence of its efficacy and tolerability must be proven in the local setting. With passion, patience, and ethical
practice, the complete trust of patients and referring doctors can be earned.
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The situation of Nuclear medicine in Vietnam: nuclear medicine belongs to the Vietnamese society of Radiology
and Nuclear medicine with members from 28 hospitals. The society still hasn’t had a lot of activities due to lack
of human resources and funding. We are also lack of equipment with only 31 SPECT, 4 SPECT/CT, 11 PET/CT
scan machines, and 5 cyclotrons per about 96.8 million people. Nuclear medicine is mainly applied in oncology,
but for neurology and cardiology, and endocrinology, the applications are still limited.
Theranostics in Vietnam: we have used I-131 therapy in treating thyrotoxicosis and thyroid cancer for a long
time with high effectiveness. Recently, we also successfully applied Yttrium- 90 Resin microsphere therapy for
liver cancer, the most common type of cancers in the country. We are trying now to get Lutetium therapy for
prostate cancer and Lutetium-177 Octreotate Therapy for somatostatin positive tumors in the nearest future.
Our endeavors: we try to get support form the government to develop nuclear medicine in all 61 cities of the
country. The Vietnamese government also announced the National Plan for development and application of
radiation in medicine to 2020. In addition to that, we have had the coordination with other members of the
society to share knowledge as well as experience. Besides, we also have to try by ourselves to perform scientific
research that Y-90 SIRT therapy is a recently successful national project. And finally, actively participating in
international societies to learn from other countries and international societies is also very fundamental.
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Prognostic Value of Tumor Necrosis at FDG PET in Non-Small Cell Lung Cancer Patients
Pupree Mutsuddy1,2, Suh Minseok2, Seunggyun Ha2, Qaid Ahmed Shagera2 and Jin Chul Paeng2*
1

National Institute of Nuclear Medicine and Allied Sciences, Bangladesh,

2

Nuclear Medicine, Seoul National

University, Korea
paengjc@paran.com
Purpose: Tumor necrosis is an independent prognostic marker in non-small cell lung cancer (NSCLC). Our goal
was to investigate prognostic impact of the necrotic core volume (NCV) determined by FDG PET in NSCLC.
Methods: FDG PET of 62 NSCLC patients who underwent radiation and/or chemotherapy without surgery were
retrospectively reviewed. Patients with small tumor size (≤ 3 cm) or distant metastasis were excluded. Metabolic
tumor volumes of the primary tumor were measured using gradient-based segmentation (MTVGrad) for whole
tumor volume and Nestle’s method (MTVNestle) for viable tumor volume. NCV on PET was defined as
MTVGrad - MTVNestle. Prognostic values of SUVmax, MTV, NCV and other clinical variables (age, gender,
ECOG status, smoking status, and clinical nodal stage) were assessed.
Result: There were a total of 20 deaths (32.2%) during 2-year follow-up. In univariate analysis, ECOG status,
SUVmax, MTVGrad, MTVNestle, and NCV were significant predictors for survival. In multivariate analysis,
large MTVNestle (HR 2.900, p = 0.043) and NCV (HR 4.616, p = 0.004) were significant predictive factors. In a
subgroup analysis of patients with large tumor volume (MTVGrad > 42.09 ml), patients with smaller NCV
(NCV < 5.20 ml) showed a significantly higher survival rate than those with larger NCV (p = 0.031).
Conclusion: Our findings suggest that FDG PET can be used to determine NCV that is associated with
prognosis in NSCLC. Particularly, even in cases of similarly large tumor volume, prognosis can be predicted
according to the NCV determined by FDG PET.
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INTRODUCTION: In prostate cancer, metastasis is most common in bones. In developed countries patients
come at an early stage because of easy access to bone scintigraphy, 80% of bone metastases occur in the sacrum
or pelvis. The metastasis picture will be different when it comes too late, as it happens in developing countries.
The purpose of this study to determine the frequency of occurrence, extent of metastasis, and bone that is often
the location of metastasis in cases in Hasan Sadikin Hospital.
METHODS: The study was a retrospective descriptive based on medical record data of prostate cancer patients
who performed bone scintigraphy in 2012-2016 at Dr. Hasan Sadikin hospital. Imaging performed 3 hours postinjection of radiofarmaka Tc-99m MDP using gamma camera. The presence or absence of metastasis is
determined by the conclusion of a bone scan result suggesting a pathological osteoblastic lesion suitable for
metastasis. The extent of metastasis is grouped by the amount of bone affected, one or more bones
RESULT: From 2012-2016 2084 bone examinations were performed with 329 (15.8%) cases with prostate
cancer. Of the cases of prostate cancer, metastasis was found in 212/329 (64.4%) cases with age range 55 - 80
(mean 69 years). A total of 191/212 cases (90.1%) metastases in some bones. The total number of metastatic
lesions found was 912 lesions. Of these lesions 305/912 lesions (33.4%) were found in the vertebrae, 279/912
lesions (30.6%) in the pelvic, and 106/912 lesions (11.6%) in the costae.
CONCLUSION: Bone metastasis is found in most cases of prostate cancer that perform bone marks with
frequently affected bones, respectively, are vertebrae, pelvic and costae.
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Aim: To evaluate the additional prognostic value of metabolic volumetric parameters as a quantitative index on
pre-treatment F-18 FDG PET in patients with diffuse large B-cell lymphoma (DLBCL) to the National
Comprehensive Cancer Network International Prognostic Index (NCCN-IPI).
Methods: A total of 103 consecutive patients with DLBCL and baseline FDG-PET/CT were retrospectively
evaluated. The semi-quantitative metabolic parameters including total metabolic tumor volume (TMTV) using
SUVmax of 2.5 as a threshold were estimated.
Results: Median follow-up was 34 months. Patients with low-TMTV (<246 cm3) had 83% 3-yr progression free
survival (PFS) and 92% overall survival (OS) vs 41% 3-yr PFS and 57% OS for those with high-TMTV (≥246
cm3). In univariate analyses, the high-TMTV and NCCN-IPI ≥4 were associated with inferior PFS and OS
(P<0.0001), as well as high-TLG (P=0.004 and P=0.005, respectively). In multivariate analyses, TMTV and
NCCN-IPI were independent predictors of PFS (P=0.007 and P=0.009, respectively) and OS (P=0.017 and P=
0.014, respectively). Moreover, TMTV could separate the patients in the high-risk group (NCCN-IPI ≥4, n=62)
into two groups with significantly different outcomes; patients with low-TMTV (n=16) had 75% 3-yr PFS and
88% OS while those with high-TMTV had 32% 3-yr PFS and 47% OS (P=0.003 and P=0.004, respectively).
However, regardless of TMTV value, patients with low-risk (NCCN-IPI <4, n=41) had good outcomes (86% 3yr PFS and 95% OS).
Conclusion: The pretreatment TMTV had an independent prognostic value in patients with DLBCL.
Importantly, TMTV had an additive predictive value for the prognosis in patients with high-risk by NCCN-IPI.
Thus, combined information of baseline TMTV with NCCN-IPI can improve the prognostication and may be
helpful to guide the decision of intensive therapy and clinical trials, especially in DLBCL patients with the highrisk by NCCN-IPI.

Key words: FDG PET/CT, diffuse large B cell lymphoma, metabolic tumor volume, prognosis.
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Objective: The aim of the study was to investigate thyroid function of new born of mothers with differentiated
thyroid carcinoma (DTC) after receiving radioactive iodine (131I) therapy (RAIT).
Materials and methods: During the period of 2009 to 2014, a total of 1620 women had been treated with 131I
at the thyroid division of National Institute of Nuclear Medicine and Allied Sciences (NINMAS). They have
been followed up at regular intervals systematically till date. Patients were allowed to conceive in disease free
condition [ Diagnostic whole body scan (DxWBS), Thyroglobulin (Tg) & antiTgAb - negative]. A retrospective
review of the medical records was done in this study. Out of 1620 patients, 1370 (85%) were in the reproductive
age group (18-44 years). Among 1370 patients, 111 patients became pregnant after 2 years of the RAIT. Age at
pregnancy ranged from 20 to 32 years (mean ± SD; 24.8± 4.8 years). All pregnant mothers were disease free and
well supplemented by levothyroxine and maintained their Thyroid Stimulating Hormone (TSH) at low normal
range (0.3-1.5 mIU/L). Their thyroglobulin level were below <0.02 ng/dl. Mothers at last trimester were
requested to estimate serum TSH of the newborns between 1st to 2nd week after birth. They reported the TSH
report of babies accordingly.
Results: One hundred eleven DTC mothers received RAIT and conceived at mean age of 24.8± 4.8 years (19-38
yrs). Out of 111 patients, 109 (98%) patients was papillary thyroid cancer (PTC) and 2 (2%) was follicular
thyroid cancer (FTC). Patients were treated by 30-100 mCi.
The outcome of 111 pregnancies after RAIT was 108 (97%) delivered the healthy euthyroid babies and 3 (3 %)
had miscarriages. TSH ranged from 0.64 -12.4 mIU/L (mean ± SD; 3.69± 3.19 mIU/L), (Reference normal range
for newborn at NINMAS 0.52 - 16 mIU/L)
Conclusion: This study showed that RAIT in young female did not have any deleterious effects on subsequent
pregnancies. All babies born by mothers with DTC after radioiodine treatment showed normal thyroid function
evaluated by TSH.
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Neuroendocrine tumours (NETs) are rare and heterogeneous neoplasms that mainly affect organs of the diffuse
endocrine system, gastroenteropancreatic (GEP) and respiratory tract. NETs progress slowly producing
unspecific symptoms, and consequently, patients are unaware of their condition until advanced stages of the
disease. Surgery is the primary option to treat NETs, but it is limited to localize tumours. When surgery is not
possible, therapy aims to decrease or stop tumour growth, spread, and improve patient’s quality of life. One of
the features of NETs is the high expression of somatostatin receptor (SSTR). Thus, patients that are resistant to
conventional therapies may benefit from therapies based on long-acting somatostatin analogues. Peptide receptor
radionuclide therapy (PRRT) has emerged as an alternative for NET-patients in advanced stages. In our study,
we aimed to retrospectively (146 months) evaluate our experience using 177Lu-DOTATATE PRRT in a group
of 66 patients with advance-stage-NETs and refractory to other therapies. At the end of the study, 56.1% of the
patients were alive and the median survival time was 64 months. However, patients that received doses over 400
mCi increased their overall survival (OS) in comparison with patients that received doses less than 400 mCi (HR
0.20, 95% CI, 0.09-0.48, p<0.001), even when we controlled by age sex and type of TNE
(gastroenteropancreatic-NET versus other types of tumours, classified according to WHO 2010). Likewise, K-M
plots and Cox regression analysis showed that patients received doses over 800 mCi increased their OS in
comparison with patients that received doses less than 400 mCi or patients that received doses between 400 mCi
and 800 mCi with a hazard ratio of 0.104 (95% CI, 0.031-0.35, p<0.001) at time 0 but with an increase of 4%
every unit of time. Patients that received at least 800 mCi improved their symptomatology in most of the cases.
Although PRRT is an alternative for patients with resistant, refractory, and progressive symptomatic NETs, it is
not a standard procedure in South America. As a consequence, most of the patients follow a chemotherapy
scheme or are derived directly to palliative care. Our results strongly recommend PRRT as part of the treatment
plan for gastroenteropancreatic-NET patients.
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Introduction: Peptide receptor radionuclide therapy (PRRT) is a well-established option for patients with
metastatic and/or inoperable neuroendrocine neoplasms (NEN). Nevertheless, due to the mainly renal excretion
of the tracer, renal toxicity is the most restrictive factor over time. We retrospectively evaluated the renal toxicity
of PRRT salvage therapy in patients affected by NEN.
Methods: 10 patients (7 male and 3 female, mean age 56,7y, range 43-75) with NEN (4 pancreatic, 2 ileal, 2 of
unknown origin, 1 meningioma and 1 pulmonary) with progressive disease, who had benefit from previous
PRRT (at least stable disease, according to RECIST 1.1 criteria), were selected for re-treatment. 8/10 suffered
from comorbidities (6 hypertension, 4 diabetes, 2 dyslipidemia). The cohort underwent at least two PRRT (range
2-4) between 01.02.2006 and 01.10.2017 with high activities of 90Y-, 177Lu- and/or 111In- labelled peptides.
Totally were administered 83 cycles (41, 21, 21 with 90-Yttrium, 177-Lutetium and 111-Indium, respectively)
and the activity range for each cycle was 0,93-7,4 GBq (1,11-2,405 GBq, 1,75-7,4 GBq, 0,93-7,4 GBq for 90Y,
177Lu, 111In, respectively). Intravenous infusion of amino acids was administered at each cycle of PRRT in
order to reduce tubular peptide’s uptake, minimizing renal impairment. Renal function was assessed trough
99mTc-DTPA GFR measurements. We compared GFR% variations after each PRRT and for each
radiopharmaceutical. GFR values before the beginning and after last PRRT were also compared.
Results: Baseline GFR ranged from 50 to 113 ml/min (mean value 82,9 ml/min) and from 40 to 152 ml/min at
last follow-up (mean value 72,9 ml/min). According to Cyto-toxic criteria (CTC), at baseline 4/10 patients had
grade 1 and 6/10 had grade 2 nephrotoxicity. At last follow-up, we did not record any case of severe
nephrotoxicity (grade 3-4) otherwise 9/10 had grade 2 (moderate nephrotoxicity). At baseline, according to
chronic kidney disease classification (CKD), 5/10 had normal GFR value, 3/10 had stage 2 and 2/10 had stage 3.
At last follow-up, 3/10 had still normal GFR value, 2/10 had stage 2, 5/10 had stage 3 toxicity. In our cohort, we
did not record any grade 4 (severe impairment) or 5 toxicity (renal failure). No statistically significant difference
of GFR before and after treatments was found; no statistically significant difference between GFR% variations
before and after treatments using different radiopharmaceuticals was found. Interestingly, renal toxicity trend
seems to reduce with progressive PRRT.

Conclusion: PRRT salvage therapy is a tolerable and feasible option in patients with a good response after
initial therapy. The occurrence of renal toxicity in re-challenge patients is not higher than previously reported.
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Background and aim: Therapeutic options in progressive neuroendocrine neoplasm (NEN) are quite limited.
Peptide receptor radionuclide therapy (PRRT) with somatostatin analogues is an effective treatment option in
patients with pancreatic NEN (pNEN) with unresectable liver metastases.
Material and methods: We present a case of a 73-year-old male patient, reporting the sudden appearance of
rapidly escalating symptoms characterized by asthenia, nausea and vomiting; the instrumental investigations ultrasound (US), contrast-enhanced CT (eCT), PET with 68Ga-DOTATOC and 18F-FDG - in association with
the laboratory data (high chromogranin A level), supported the diagnostic hypothesis confirmed later on
histological examination, of G2-pNEN (Ki67=3.5%) with infiltration of peripancreatic adipose tissue, vascular
invasion and neoplastic thrombosis even in the lienal vein. Surgical treatment - pancreatic tail resection and
splenectomy - was performed, but after 6 months the presence of hepatic localizations was observed. The patient
(ECOG PS=0) underwent PRRT with 177Lu-DOTATOC intravenous infusion administred every 6 to 8 weeks,
in association with somatostatin analogues - Auto-gel/Depot lanreotide (LAN) 120 mg subcutaneous - every 28
days.
Results: In the presented clinical case, 16 months after the end of 5 cycles of PRRT (cumulative activity equal to
27.97 GBq, activity range 3.75-7.3 GBq) we observed complete response (CR) to treatment with disappearance
of documentable disease in instrumental investigations (US, post-dose scintigraphy, eCT, PET 68GaDOTATOC), laboratory value (Chromogranin A normalized), clinical observation (disappearance of the
symptomatology associated with weight gain) in the absence of hematological and renal toxicity.
Conclusion: At the state of the art, the CR in patients with NEN is sporadic and in most series completely
absent. Data from literature show better results in pNENs (CR in 8% of cases - Sansovini et al., 2013) [1]. We
also believe that the reduced lesion load at enrollment and the therapeutical association between PRRT and
Autogel/Depot LAN can contribute to the complete response of our case report PRRT.
[1] Sansovini M, Severi S, Ambrosetti A, Monti M, Nanni O, Sarnelli A, Bodei L, Garaboldi L, Bartolomei M,

Paganelli G. Treatment with the radiolabelled somatostatin analog Lu-DOTATATE for advanced pancreatic
neuroendocrine tumors. Neuroendocrinology. 2013;97(4):347-54. doi: 10.1159/000348394. Epub 2013 May 22.
PubMed PMID: 23392072.
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AIM: In 2017, Chan et al. have been developed a grading scheme (“NET-PET” grade) for dual SSTRI/FDG
PET reporting in patients affected by metastatic Gastroenteropancreatic-Neuroendocrine Tumors (GEP-NETs)
that summarizes the information provided in both scans by a single parameter.
The aim of our work was to assess the validity of NET-PET grade as a prognostic imaging biomarker in
metastatic GEP-NETs patients that underwent peptide-radionuclide-receptor-therapy (PRRT).
METHODS: 30 GEP-NET metastatic patients (13 F and 18 M; mean age: 61 years- range 27-80) undergoing
both 18F-FDG and 68Ga-DOTATOC PET/CT prior PRRT were retrospectively included in the analysis. Tumors
were histologically classified as foregut-GEP-NET (all patients had pancreatic-NETs) in 17 patients, and
midgut-GEP-NET (1 gastric, 2 duodenal, 10 small intestinal and 1 colorectal-NET) in 14 patients. Moreover,
based on WHO 2010 GEP-NET classification, the patients were classified into 3 groups: 1) G1 (Ki67 <3); 2) G2
(Ki67 from 3 to 20) and 3) G3 (Ki67 >20). Before the PRRT, all patients underwent SSTRI PET/CT (68GaDOTATOC) and 18F-FDG PET/CT to detect the presence of somatostatin receptors and the metabolic activity
of the disease, respectively. The cohort of patients was graded with the “NET-PET grade” that uses a visual
evidence scale (ve): a grade of P1 indicating purely SSTRI-avid disease without FDG uptake in any lesions, and
P5 indicating the presence of significant FDG ve+ /SSTRI ve-. Based on the “NET-PET grade”, the patients
were divided into 3 group: 1) patients that will suitable for treatment with 177Lu-DOTATOC alone (p1-p4a); 2)
patients in whom 177Lu-DOTATOC may have a role in the treatment but they are need of other therapy; (p4b)
3) patients that don’t unlikely to benefit from treatment (p5). To verify the hypothesis, 3 days after the PRRT,
the patients underwent post-therapy Whole-Body (pt-WBS) to assess the radiopharmaceutical biodistribution of
177Lu-DOTATOC and the uptake of the 3 major lesions.
RESULTS: Applying WHO 2010 classification, 5 subjects were graded as G1, 21 as G2 (7 of them with ki67 >
10) and 5 as G3. When the “NET-PET grade” was applied, 12 subjects were graded as P1, 18 as P2-4a, 0 as P4b
and 1 as P5. According to the WHO 2010 classification, G3 patients should be treated with chemotherapy. The
above mentioned G3 patients, on the other hand, were graded as p2a (2/5), p2b (2/5) and p3a (1/5) by “NET-PET
score”. Based on “NET-PET score” results, the patients underwent PRRT. Performing pt-WBS three days before
PRRT, for all the patients we observed in all three major lesions an intense uptake of 177Lu DOTATOC. On the

other hand, in 1 patient affected by midgut-NET that were graded G2 (Ki67 12%) by Who 2010 GEP-NET
classification, PRRT was not successful. Based on NET-PET score assessment, the above-mentioned patient was
graded as p5.
CONCLUSION: Our experience suggests and confirmed the NET-PET score can be reliably considered as
support for tailored treatment approach, by identifying patients affected by metastatic GEP-NET that might
benefit from PRRT or not.
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Peptide Receptor Radionuclide Therapy and Somatostatin 'cold' Analogues Therapy in the Treatment of
GEP-NET Patients: Our Center’ Experience.
Salvatore Pignata*, Alfredo Campenni, Riccardo Laudicella, Flavia Quattrocchi, Alessio Comis, Antonio Vento,
Helena Lanzafame, Cristina Mantarro, Ernesto Amato, Benedetta Pagano, Davide Cardile, Fabio Minutoli and
Sergio Baldari
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AIM: The aim of our study was to evaluate the combined and maintenance SSA-administration in Gastroentero-pancreatic-neuroendocrine-Tumours (GEP-NET) patients that underwent peptide-receptor-radionuclidetherapy (PRRT).
METHODS: We retrospectively reviewed the records of 40 metastatic and symptomatic GEP-NET patients (18
F and 22 M; mean age 57.3 years; range 30-78), admitted to our Nuclear Medicine Unit from 01/01/2006 to
31/12/2012. 17 patients had p-NET (17 pancreatic-NETs), 23 patients had midguts-GEP-NET (2 duodenalNETs, 17 small intestinal-NETs, 4 colorectal-NETs) patients. Furthermore, they were classified by Who 2010
GEP-NET classification as G1 (Ki-67 <3%, 8 patients), G2 (Ki-67 from 3% to 20%, 32 patients) and G3 (1 well
differentiated p-NET pancreas with Ki-67 of 30%) and All GEP-NET patients underwent PRRT, combined
SSA-therapy, and maintenance SSA-therapy. The long-acting SSA-therapy was administered by injection every
28 days. The PRRT protocol involved 4 cycles of 200mCi of 177Lu-DOTATOC at least 8 weekly intervals. All
patients, therefore, received SSA as a combination therapy with PRRT and SSA administration was discontinued
14 days before 177Lu-DOTATOC administration and carried out again 14 days later. In this way, our patients
had two SSA “cold” injection between two PRRT. This point represents a difference with respect to current
principal guidelines that recommend discontinuation of 4 weeks. Our decision was supported by both a favorable
post-therapy Whole-Body (pt-WBS) radiopharmaceutical biodistribution and by literature data, as already
demonstrated.
RESULTS: The median follow-up period from the start (beginning) of treatment was 43,6 months (range 15116 months). In our cohort of patients, we observed that the mean PFS was 35 months (range 7-111): at the last
follow up, 10 out 40 patients (25%) had an evidence of disease progression at the radiological and/or molecular
imaging assessment. It is interesting that 2 p-NET patients out of 5 had Ki-67 of 6%, the others had p-NET of
15%. By converse 4 midgut-NET patients had a Ki-67 ≤ 3 (the patients had Ki-67 of 1% (1), 2% (2), 3% (1),
respectively). Only one of them had Ki-67 > 10%. Noteworthy, the mean OS was 45,6 months (range 15-116)
and, to date, it did not reach the median value. Furthermore, we observed that there was a mortality rate of 10%
in p-NETs patients (4/17 patients, three of them had a ki67 ≤ 10%). On the other hands, all midguts-NETs

patients still alive (the mean OS was 47 months, range 19-113).
CONCLUSION: According to the recent literature data, our experience suggests and confirmed the clinical
benefit of combination therapy (SSA plus PRRT) and the maintaining therapy in GEP-NET patients.
We wish to stress the importance of the maintenance of SSA after PRRT and to respect the SSA administration
timing during the PRRT protocol, as a double SSA injection between two PRRT is clearly better than only one.
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Ga-68 DOTATATE PET/CT Evaluation for PRRT in Adult Neuroblastoma
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Adult onset neuroblastoma is extremely rare. No established treatment protocol exists and prognosis is poorer
than in children.
We present three adult neuroblastoma patients who underwent Ga-68 DOTATATE PET/CT (Ga-68 PET) under
a clinical trial setting to evaluate somatostatin receptor status and eventual potential treatment with peptide
receptor radionuclide therapy (PRRT).
The first case is an 18 year old girl who presented with a left abdominal mass. Staging 18F-FDG PET/CT scan
showed a large hypermetabolic peritoneal mass with multiple supraclavicular and retroperitoneal adenopathy and
osseous disease. Staging mIBG scan and trial Ga-68 PET also showed similar findings to FDG PET/CT scan. On
a per lesion basis, more lesions were detected in the Ga-68 PET compared to the mIBG scan. She had resection
of the retroperitoneal mass, chemotherapy, high dose mIBG followed by rescue stem cell transplant. She is now
awaiting follow up scans post treatment.
The second case is a 32 year old man who presented with abdominal distension. 18F-FDG PET/CT scan showed
a hypermetabolic retroperitoneal tumour, lymphadenopathy and liver metastases. He completed chemotherapy
with poor response. mIBG scan performed showed mIBG-avid lymphadenopathy and hepatic metastases. Ga-68
PET again showed more nodal and liver metastases but small foci of bony disease as well On a per lesion
analysis, the Ga-68 PET scan again detected more lesions than the mIBG scan. He underwent salvage high dose
mIBG therapy followed by autologous stem cell infusion. Post treatment mIBG scan showed interval
improvement with decrease in size of the adenopathy and hepatic metastases while the bony lesions were again
unseen.
The third case is a 37 year old man. Staging FDG PET/CT showed a hypermetabolic mediastinal mass with
epidural extension at the level of T2-T3 foramen as well as a right supraclavicular adenopathy and diffuse
lytic/sclerotic metastases in the skeleton. mIBG scan showed faint uptake in the right upper thoracic mass and
possibly in the calvarium. Trial Ga-68 PET showed tracer-avidity in the mediastinal mass, right supraclavicular
node and multiple bony sites. Per lesion basis, the Ga-68 PET scan detected more lesions than the MIBG scan
particularly in the bones and this was congruent with the FDG PET/CT scan. He underwent induction
chemotherapy followed by resection of the primary tumour. Subsequently he received high dose chemotherapy

with stem cell transplant and is now undergoing planning for consolidation external beam RT.
This is the first case series to prospectively evaluate newly diagnosed adult onset neuroblastoma patients with
Ga-68 PET. All three cases show somatostatin receptor positivity. The first two cases opted for high dose mIBG
therapy as PRRT is not an established treatment option. The overall sensitivity of the Ga-68 PET scan appears
superior to mIBG or FDG PET on a per lesion detection basis, suggesting PRRT may potentially be a better
treatment for these patients.
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The Quantitative Analysis of Post- Selective Internal Radiation Therapy (SIRT) 90y Microspheres
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90Y microspheres are recommended for intra-arterial treatment of hepatocellular carcinoma. Before treatment,
99mTc-labelled macroaggregated albumin (MAA) is injected intra-arterially to simulate the treatment and 90Y
PET/CTimaging is performed to evaluate post-treatment. The aim of the study is to assess the correlation
between the pretreatment 99mTc-MAA planar and SPECT/CT with post-treatment 90Y PET/CTimages.
Methods: Twenty patients with the intermediate and advanced stage HCC were reviewed in this study. 99mTcMAA was injected intra-arterially before treatment, planar scintigraphy and SPECT/CT were done after 60
minutes. Post-injection of 90Y microspheres (SIRTEX, Australia), the patients underwent post-treatment 90Y
PET/CT within six hours. Tumor to normal ratios (T/N ratios) and liver lung shunting fraction (LSF) on 99mTcMAAplanar, SPECT/CT and 90YPET/CT images were analyzed and correlated using Spearman rank correlation
test.
Results: In 20 patients, the distribution of microspheres was more consistently demonstrated between99mTcMAASPECT/CTand90YPET/CT images than when compared with planar imaging. Astrong correlation was
observed between T/N on99mTc-MAASPECT/CT before treatment and T/N on90Y PET/CT images after
treatment (rho value=0.738 p<0.001). The correlation of LSF on90YPET/CT and 99mTc-MAASPECT/CT
(rho=0.471, p=0.05) was higher than thecorrelation between PET/CT and planar imaging (rho=0.178, p>0,05).
Conclusions: The 99mTc-MAASPECT/CT showedthe better distribution and correlation with 90YPET/CT than
planar imaging. Furthermore, 90YPET/CT could be a powerful evaluation tool which should be included
routinely in the post-therapeutic protocol.
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Purpose: This study was carried out to accuracy of estimated GFR (eGFR) measurement using 99mTc DTPA
renogram (Technetium-99m diethylenetriamine Penta acetic acid) and CKD- EPI (Chronic Kidney Disease
Epidemiology Collaboration) formula method in chronic kidney disease (CKD) patients.
Method: Sixty-four hemodynamically stable patients underwent DTPA renal scan using bolus dose of 5 mCi of
Technetium-99m DTPA intravenously. Sequential images were acquired by acquisitions computer system. After
dynamic renal scan, images were reviewed by two nuclear medicine physicians, with each study read as GFR
according to results. The GFR was processing computer system according to modified Gates algorithm It was
also normalized to 1.73 m2 body surface areas. All processing steps were done by single person to avoid
technical bias.
CKD is classified into five stages based on eGFR. In this study, we arranged those five stages to two groups of
CKD stages as early group (from stage 1 to 3) and late group (from stage 4 and 5).
All data were collected and eGFR of DTPA scan will be correlated with creatinine base calculation. Data will be
collected according to the proforma. The data will be analyzed with SPSS software, version 16 for accuracy of
the test.
Results: By CKD- EPI methods, frequency distribution of patients are 33 patients in early stage that is 51.5%
and 31 patients in late stage of 48.44%. Measurements of eGFR by gamma camera methods 32 patients each in
early stage and late stage of CKD i.e 50% of study populations in each stage were found.
According to data, most of the patients were in the age group >60 years, 47 patients 73.44 % and 17 patients.
26.56 % are under 60years of age. Female patients were more common than male patients in the study
populations. (44patients, 68.75% versus 20patients, 31.25 %). Out of 64 patients, only 19 patients had
hypertension.
In this study, predict power of CKD- EPI equation in staging of CKD was found to have sensitivity of 100%,
specificity of 96.87%, accuracy of 98.44%, positive predictive value of 96.96% and negative predictive value of
96.95%.

Conclusion: It is a promising technique for ruling out stage of CKD and can improve decision making for CKD
patients with symptoms. Accuracy of 99mTc DTPA renogram plays important role in this study to get excellent
results. It will help clinicians for further patient management.
In summary CKD -EPI method compared to DTPA renogram method, we had excellent results in staging of
CKD at North Okkalapa General Hospital, Myanmar.
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Purpose: There is no previous report available on stent-assisted coiling of ruptured multiple intracranial
aneurysms using single LVIS in one-stage. In the present study, we aimed to investigate the efficacy and
feasibility of using single low-profile visualized intraluminal support to bridge MIAs in one-stage.
Method: From April 2014 to August 2016, a total of twenty-four patients treated with single LVIS to bridge two
aneurysms in one-stage were reviewed. The aneurysm morphology, clinical outcome, angiographic results,
progressive occlusion, recurrence, and procedure-related complications were analyzed retrospectively.
Results: In the present study, middle term clinical outcome showed that 9 patients were in mRS 0, 11 patients in
mRS 1, 4 patients in mRS 2. A total of 20 patients (83.3%) achieved good outcome and 4 patients (16.7%) were
having poor outcome, 7 out of 18 patients (38.9%) displayed improved clinical neurologic status in long-term
follow up. Immediate angiographic results post procedure showed RS I in 33 aneurysms (68.8%), RS II in 11
aneurysms (22.9%) and RS III in 4 aneurysms (8.3%). The angiographic follow-up results showed RS I in 41
aneurysms (85.4%), RS II in 5 aneurysms (10.4%) and RS III in 2 aneurysms (4.2%). Out of 15 incomplete
occlusion aneurysms post procedure, 10 aneurysms (66.7%) achieved to progressed occlusion on follow-up
imaging, and no recanalization, mortality occurred in this group.
Conclusions: Single low-profile visualized intraluminal support bridging wide-neck ruputred MIAs was
effective and feasible in one stage. However, the procedure-related complications should be emphasized and
long-term follow-up required further evaluation.
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This is a case of stroke patient due to subdural hemorrhage and surgical intervention was done. He was referred
to our clinic for bone scan as patient was suffering from pain in many parts of body. In planer bone scan, focal
areas of increased radiotracer uptake are seen in skull, right scapula and around right hip joints. In SPECT-CT
examination, areas of increased radiotracer uptake in the right scapula and right hip joint are not in skeleton but
in soft tissue. The findings showed heterotopic ossification in these areas. This is our first experience of
heterotopic ossification while doing bone scan.
Heterotopic ossification (HO) is the presence of bone in soft tissue where bone normally does not exist. The
acquired form of HO most frequently is seen with either musculoskeletal trauma, spinal cord injury, or central
nervous system injury. The fever, swelling, erythema, and occasional joint tenderness seen in early HO can be
difficult to distinguish from cellulitis, osteomyelitis, or thrombophlebitis. Bone scan and other imaging tests are
frequently used to distinguish between these diagnostic possibilities.
1. Consultant Nuclear Medicine Physician, Perfect Myanmar Molecular Imaging and Therapy Center.
2. Physicist, Perfect Myanmar Molecular Imaging and Therapy Center.
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Introduction: Lu-prostate membrane specific antigen (PSMA) ligand represents a promising modality for
progressive prostate cancer radionuclide therapy. Based on previous studies using 177Lu-617 PSMA obtained
the highest uptake one of them in the salivary glands.
The first human biodistribution study of 68Ga-PSMA-11 has shown that the highest uptake radiotracer is
observed in the kidneys and salivary glands. The radiation dose administered to the bone marrow was
significantly lower than the doses of the kidney and the parotid gland. Moderate uptake was observe in the liver,
spleen, and small intestine, and partly in the colon.
PSMA CC 34 has previously been labeled with 68Ga, 64Cu, and 111In. The purpose of this study was to
determine the peak uptake value of 177Lu-CC 34 PSMA in the salivary gland and time of intervention to reduce
retention 177Lu-CC 34 PSMA on the salivary glands.
This study has been done as a part of the IAEA - CRP project E23005 'Dosimetry in Molecular Radiotherapy for
Personalized Patient Treatments'.
Methods: Eight prostate cancer patients who had undergone radiotherapy were included in this study. The
diagnostic dose of 177Lu-PSMA (5 mCi) was administered intravenously, followed by serial scan (10 min. each
scan) with a gamma camera (medium collimators) at the 15th minute, up to 48 hours, Measurements maximal
counts on both pairs of salivary glands (parotis and submandibularis) were performed by placing an identical
elliptical ROI manually for each side. Semi-quantitative parameters (target to background ratio) were analyzed in
a time activity curve.
Results: In both salivary glands, the target-to-background ratio was tend to increase slightly over time up to 48
hours pi. There was no difference in uptake pattern in both pairs of salivary glands.
Conclusions: The peak uptake value was not obtained until 48 hours pi. This results sugestion, that the best time
to intervene on 177 LU-CC 34 PSMA is from the beginning of the action.
Keywords: 177 LU-CC 34 PSMA, salivary glands.
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Background: PSMA inhibitors with β-linked radionuclide signals, such as Lu177- CC34 PSMA, are expected to
have a role in prostate cancer management. The biodistribution data of PSMA inhibitor, CC 34 PSMA, shows
that the distribution is quite large to the salivary glands. This resulted in the need for awareness of Lu177- CC 34
PSMA post-injection (pi) xerostomia. This preliminary study aims to determine the incidence of Lu177- CC 34
PSMA post-injection xerostomia of 5 mCi diagnosis dose. The study is part of a Lu177- CC 34 PSMA
preparation study for prostate cancer therapy as part of project CRP IAEA E23005.
Method: The study subjects were eight prostate cancer patients who participated in the Lu177- CC 34 PSMA
preparation study. Observational research methods followed up to one week post-injection Lu177- CC 34
PSMA. The incidence of xerostomia was determined according to the Xerostomia Questionnaire which
translated according to international guidelines. Questionnaires were taken at 1 hour, 2 hours, 4 hours, 24 hours,
48 hours, 72 hours and one week post injection. Data were analyzed in proportion. Two patients were excluded
during the study because of dementia.
Results: All subjects (100%) answered that there was no xerostomia ( score zero ) in the first hour, second hour,
fourth hour, 24th hour, 48th hour, 72nd hour and 1 week after injection.
Conclusion: All subjects (100%) did not experience xerostomia in post-injection of 5 mCi diagnosis dose of a
Lu177- CC 34 PSMA during monitoring period.
Keywords: Lu-177CC34, Xerostomia, Xerostomia Questionnaire
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Surgery is the treatment of choice for neuroendocrine tumors if the disease is localized. However, many of these
patients are diagnosed with metastatic disease. These tumors are characterized by high level of expression of
somatostatin receptors, paving way for the use of peptide receptor radionuclide therapy with radioactive
somatostatin analogues when the disease is inoperable. Yttrium SST2 analogues have been used in our hospital
for PRRT. Lutetium-177 was only available in 2016. We reported our initial experience in Lu177 DOTATATE
PRRT in patients with metastatic neuroendocrine tumour.
Objectives: The objectives of this study are to (i) share our experience with Lu-177 DOTATATE therapy
(PRRT), and (ii) to assess safety and treatment response, if any, for our patients with inoperable neuroendocrine
tumors receiving PRRT.
Methods: Patients referred for and received PRRT in our center from Jan 2017 to end of Sept 2018 were
retrospectively reviewed. Patient demographics, clinical history, biochemical findings and treatment regime were
retrieved from electronic patient record system. Response was evaluated according to RECIST criteria.
Scintigraphic results were reviewed and subsequent clinical progresses were followed up, if any.
Results: Eighteen cycles of PRRT were given to seven patients within the above study period. There are three
male and four female patients with an average age of 61 years old. Six of them have hepatic metastases while
four of them have skeletal metastases. Four patients underwent 3-5 cycles while three patients underwent 1 cycle
of treatment. An average of 158mCi Lu-177 DOTATATE was given for each cycle. Nausea (33%, grade 1) and
vomiting (11%, grade 1-2) are the most common acute side effects encountered. None of the patients suffered
from hormone-related crisis. At two to three weeks after treatment, the patients were followed up in clinic for
symptoms and blood results. Grade 1 marrow toxicity was encountered during follow up after four treatment
cycles (out of three patients). There was no persistent hepatic or renal impairment reported. Overall, the
treatments are well tolerated by our patients.
For the four cases with serial treatment cycles, 50% (n=2) had a partial response and 50% (n=2) had a stable
disease according to RECIST criteria. All of them (100%, n=4) have improvement in tumor marker level and
symptoms at follow up sessions. The median follow up period for these four cases after completion of treatment
is 2 months.
Conclusion: Our retrospective study results suggest that PRRT is a safe and effective treatment modality for
patients with inoperable neuroendocrine tumors.
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Background: Multiple myeloma is characterized by the neoplastic proliferation of plasma cells producing a
monoclonal immunoglobulin. 18F-FDG PET/CT has an impact in baseline assessment in prognostic value of
multiple myeloma; however, it has a low sensitivity in detecting diffuse bone marrow infiltration or low-density
plasmocyte infiltration of multiple myeloma. There might be false positivity in FDG uptake due to various
reasons, either presenting as focal disease or diffuse bone marrow pattern. Moreover, low expression of
hexokinase-2 may cause false-negative FDG uptake in multiple myeloma, which accounts for 11% of multiple
myeloma patients. Chemokine receptor 4 (CXCR4) plays a pivotal role in tumor growth, progression, and
metastasis. Overexpression of CXCR4 has been reported in more than 30 different tumors, including multiple
myeloma. Here, we used a radiolabelled CXCR4-ligand, 68Ga-pentixafor to evaluate tumor burden of multiple
myeloma with PET/CT, and compared with FDG.
Methods: In this prospective cohort study, patients diagnosed with multiple myeloma in department of
hematology of PUMCH were consecutively recruited. At enrollment of the study, clinical history and laboratory
tests related to multiple myeloma were recorded. Patients were then referred for 68Ga-pentixafor and 18F-FDG
PET/CT, which were carried out within 1 week after enrollment. Two experienced nuclear medicine physicians
visually assessed PET/CT images. Positive scan was defined as focal bone marrow lesions with increased
radioactivity compared with background uptake in bone marrow, or diffuse bone marrow pattern with increased
uptake (FDG: bone marrow uptake > mediastinum; 68Ga-pentixafor: bone marrow uptake > liver).
Results: Twenty-one patients with newly diagnosed or relapsed multiple myeloma (10 male, 11 female; age,
59.7±10.9 yr, range 33-74 yr) were enrolled in this study. Eighteen patients had newly diagnosed multiple
myeloma, and 3 patients had relapsed disease. The type of M protein in 5 patients was IgG, 5 patients had IgA
multiple myeloma, and 11 patients were light chain type. Four patients had ISS stage I multiple myeloma, 5
patients were stage II, and 11 patients had stage III disease. One patient was not staged because β2MG could not
be accurately measured due to significantly high level of M protein. 68Ga-pentixafor PET/CT was performed in
all patients, while FDG PET/CT was done in 18 patients. In visual assessment, 68Ga-pentixafor PET/CT was
positive in 16/21 patients, while only 8/18 patients had positive FDG PET/CT scans. Eight patients had focal
lesions in bone marrow, while 13 patients were diffuse bone marrow pattern with homogenous uptake. Three
patients had extramedullary disease involving nasal sinus, renal parenchymal, retroperitoneal mass, and lymph

nodes. Paramedullary disease was present in 3 patients. Fourteen patients had lytic bone lesions, and 9 patients
had bone fractures. In 9 patients, 68Ga-pentixafor PET/CT was visually superior to FDG in evaluating multiple
myelomas; 7 patients had equal visual assessment of both PET/CT scans; in 2 patients, FDG PET/CT was
superior to68Ga-pentixafor, and interestingly, both of these 2 patients had extensive extramedullary disease.
Conclusion: 68Ga-pentixafor PET/CT seems to be superior to FDG in evaluating multiple myeloma, but
extramedullary disease of multiple myeloma may hamper the positivity of 68Ga-pentixafor PET/CT.
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Introduction: Eutiroid is the ideal condition which is expected after therapy of hyperthyroidism.But,there is no
established therapeutical method that can achieve said condition. I-131 has been known as one of the method to
manage this condition. However, there is controversy over the optimum dose of I-131 therapy and it is still
debated. The objective of the study is to evaluate theraupetical response after I-131 fixed dosed therapy in our
department.
Method: Retrospective study was carried out during January 2010 until January 2011. The inclusion criteria
were all subjects who received I-131 for the first time with a fixed dose of 8 mCi with diffused and high uptake
of Tc-99m from thyroid scintigraphy. Theraupeutical response was evaluated based on clinical performance and
or laboratory findings 3 months after treatment. Theurapeutical response were categorized as good response if
thyroid hormones within normal limit and/or improvement of clinical performance; partial response if thyroid
hormones still high (above normal value ) with improvement of clinical performance and no response if there
were no changes both on laboratory finding and clinical performance.
Result: There were 127 patients as criteria who receiving a fixed dose of 8 mCi I-131 during January 2010 to
January 2011, but forty patients did not come for follow up on the third month so they excluded.We have 87
patients between 12 to 63 years of age, which were 32 patients (36,78%) were no response, still considered in a
hyperthyroid condition and 55 patients (63.21%) categorized as good response which consist of 20 patients
(36.36%) were hypothyroid, 21 patients (38.18%) were euthyroid and 14 patients (25.45%) have partial
response.
Conclusion: 8 mCi of I-131 as Fixed dose therapy for hyperthyroidism showed good response in most patients
in our hospital, theroefore we can considered as dose treatment.
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Introduction: Exercise ECG (Treadmill) is one of routine examination for evaluating SCAD (suspect coronary
artery disease) patient with PTP 15-65%. Even Though, sometimes physicians doubt with positive result of
exercise ECG because of many false-positive. It could lead to overdiagnoses of CAD. Myocardial perfusion
imaging (MPI) has better sensitivity and specificity than exercise ECG.
Case Description: We present a case of 53 years old man, with PTP: 34%, Framingham risk score: 4% (10-year
risk of MI (myocardial infarct) or death) underwent medical check-up before marathon event. The patient did not
have history of any chest pain or dyspnoea. The patient had a positive ischemic response of exercise ECG
(Treadmill) but he did not feel any chest pain. From CT angiography, there was no significant coronary artery
stenosis, only LAD coronary artery had partial stenosis with Calcium score 528.1. Then, the patient underwent
MPI. We stopped the treadmill exercise when the patient achieved 90% of THR (target heart rate) because of
significant ST segment horizontal depression in inferior and anterolateral leads. MPI result was no defect in the
area which had positive result in exercise ECG, good LV function, normokinetics all chamber, and TID ratio
1.11. After six and twelve months observation, patient had no cardiac events and still able to do high endurance
physical activity such as marathon run.
Discussion: This case illustrates the important of using myocardial perfusion scan to distinguish the false- or
true-positive result of exercise ECG with treadmill. Sergio Roubin et al, confirmed from their study that MPI has
strong predictive value, if was any discrepancy with ECG, then the ECG had no significant additional prognostic
value.
Conclusion: MPI might be use to rule out the present of false-positive result in exercise ecg
Keyword: Discrepancy, MPI, ECG
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Introduction: Radioiodine is used as an adjuvant therapy for well-differentiated thyroid cancer patients post
near-total thyroidectomy. Beside thyroid tissue tumors, extra-thyroid tumors such as breast cancer are reported
of being able to uptake radioiodine. The study aim is to analyze the uptake of radioiodine in breast cancer cell
lines.
Material and Methods: Two types of breast cancer cell lines were used in this study, such as MCF-7 (luminal
A subtype), and SKBR-3 (HER2 subtype). A normal keratinocyte cell line was used as a control. The cell lines
were treated with 7.4x104 Becquerel/well of NaI-125 for assesing radioiodine up. To examine the toxicity of
radioiodine, we used 7.4x105 of NaI-131.
Results: Radioiodine uptake in SKBR3 cells are significantly higher (1765 ± 44 kcpm) than in Hacat cells
(p<0.05), and the difference of MCF-7 cells uptake is found to be insignificant with HaCaT cells. The rate of the
cell to split declined significantly 52.6% ± 8.5% and 22.6 % ± 4.8%. for SKBR3 and MCF-7 cells respectively.
Radioiodine has a significant toxic effect on breast cancer compared with to the normal cell, p< 0.05.
Conclusion: We found both breast cancer cells are able to uptake radioiodine with their ability of self-divide
reduced significantly. Interestingly; however, the normal cell showed a normal cell proliferation after radioiodine
exposure. Both types of breast cancer cells are sensitive to radioiodine. This will lead to the potential use of I131 as adjuvant therapy in breast cancer disease as well as in the treatment of thyroid cancer
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Introduction: Surgery is the foundation for curative therapy for patients with neuroendocrine tumors (NETs),
but existing intraoperative imaging tools are limited and partially responsible for the high rate of disease
recurrence in these patients. Using the established clinical efficacy of radiolabeled somatostatin analogs as a
model, we have developed a fluorescent analog for fluorescence-guided surgery (FGS) that can be dual-labeled
with a radionuclide for quantitative evaluation of agent uptake. Here, we demonstrate the ability of a fluorescent
somatostatin analog to selectively target tumors that overexpress somatostatin receptor subtype-2 (SSTR2) and
demonstrate utility for FGS.
Experimental procedures: Tyr3-octreotide (TOC) was conjugated to a multimodality chelator (MMC) on solidphase and to IRDye800CW in solution-phase in a site-specific manner to produce MMC-TOC(IR800). The
fluorescent conjugate was radiolabeled with 67Ga/68Ga using cation exchange chromatography. Nude mice
implanted subcutaneously with SSTR2-overexpressing HCT116 cells (HCT116-SSTR2) were used for in vivo
evaluation of tumor targeting. Near-infrared fluorescence (NIRF) imaging and ex vivo biodistribution were
conducted at early (3 h, 68Ga) and delayed (24 h, 67Ga) time points to determine pharmacokinetics. Excised
tissues underwent NIRF imaging to assess tracer biodistribution and gamma counting for quantitation of uptake.
Mice implanted with wild-type HCT116 cells were used to demonstrate in vivo specificity of SSTR2 targeting.
Histological analysis was performed on tumor and non-tumor cryosections.
Results: 67Ga/68Ga-MMC(IR800)-TOC synthesis was optimized to give radiochemical yields of 86.7-89.4%.
At 3 h post-injection, ex vivo optical imaging showed strong tumor fluorescence compared to background
tissues, and clearance through the kidneys and liver. Gamma counting provided quantitative values that were
consistent with the images and showed 3.8±0.8 percent injected activity per gram of tissue (%IA/g) in tumors
and 46.1±4.2%IA/g in kidneys (n=4). At 24 h, fluorescent and radioactive signals were reduced in background
tissues while tumor signal was unchanged. The combination of tracer retention in tumors (4.7±1.1%IA/g) and
elimination from key non-target organs yielded tumor-to-muscle and tumor-to-blood values of 20.6±1.8 and
12.9±2.4, respectively, which translated into a 3.4-fold (muscle) and 8.1-fold (blood) increase from values
obtained at 3 h (n=4). Imaging of wild-type HCT116 showed negligible tumor uptake that was comparable to
background tissues. Imaging of tissue sections further supported in vivo and ex vivo data.
Conclusions: The MMC scaffold enabled development of a dual-labeled octreotide analog that retained
receptor-binding properties in vivo. The radioactive utility of the MMC allowed validation of a novel FGS agent

that could have a broad impact on cancer outcomes by equipping surgeons with real-time intraoperative imaging
capabilities.
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Objectives: Malignant melanoma is one of the most mortal cancers because of its very aggressiveness and high
metastatic potential. The incidence of this cancer has been increasing worldwide but there is narrow option for
effective treatment. Thus, early detection is very important to improve therapeutic outcome and survival of
patients. In this study, we synthesized novel 18F labeled benzamide derivatives (N-(2-(dimethylamino)ethyl)-4[18F]fluorobenzamide; [18F]DMFB and N-(2-(dimethylamino)ethyl)-5-[18F]fluoropicolinamide;
[18F]DMPY2). In this studies, we evaluated and compared radiochemical and biological characteristics of 18F
labeled probes in B16F10 (mouse melanoma) -bearing subcutaneous and metastasis models.
Methods: [18F]DMFB was synthesized from N-succinimidyl 4-[18F]fluorobenzoate ([18F]SFB) via two steps.
[18F]DMPY2 was synthesized from 5-bromo-N-(2-(dimethylamino)ethyl)pyridine-2-carboxamide as the
precursor. At the end of reaction, the mixture was purified by using HPLC. Biodistibution and microPET studies
were performed at different time points after i.v. injection of each compound (7.4 MBq) in B16F10 primary and
metastasis mouse models. The static images at 30 and 60 min were acquired for 10 min.
Results: Radiochemical yields of [18F]DMFB and [18F]DMPY2 was approximately 10~15%. In biodistribution
studies, both agents accumulated and retained in tumor from 10 to 120 min. Tumor uptake of [18F]DMPY2 (10,
30, 60 and 120 min % ID/g: 9.2, 15.8, 24.8, 10.6) was higher than [18F]DMFB (10, 30, 60 and 120 min % ID/g:
9.24, 10.8, 13.0, 10.6). MicroPET study clearly demonstrated that [18F]DMFB and [18F]DMPY2 accumulated
in tumor specifically at 10 min after i.v. injection and tumor was clearly visible with high tumor-to-background
ratio. Consistent with biodistribution study, [18F]DMFB has lower tumoral uptake in B16F10 tumors than
[18F]DMPY2. B16F10 lung / lymph node metastasis lesions were clearly visible after injection of [18F]DMPY2
and [18F]DMFB.
Conclusion: [18F]DMPY2 demonstrated malignant melanoma with higher tumor uptake than [18F]DMFB in
B16F10 tumor bearing mice. [18F]DMFB and [18F]DMPY2 successfully visualized lesions in B16F10 lung /
lymph node metastasis models. [18F]DMPY2 might have a potential to be utilized as a novel melanoma imaging
agent for PET.
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Objectives: Breast cancer is the most commonly occurring malignancy in women and the second most common
cancer overall. In 2018, more than 2 million new cases were diagnosed and a number of 627,000 breast cancerrelated deaths is estimated. Therefore, the development of new, more effective methods for diagnosis and
therapy of this disease is of great importance. A promising approach is the utilization of molecular targets being
overexpressed on cancer cells. Intact antibodies usually have slow pharmacokinetics and long circulation times.
Therefore, the usage of smaller antigen-binding fragments gained increasing attention in current research.
Tumor-associated Mucin1 (TA-MUC1) differs strongly from its physiological form on healthy epithelial cells
and is expressed on over 90 % of all breast tumors. The unique monoclonal antibody GGSK-1/30 shows high
affinity and specificity towards TA-MUC1 and the corresponding radioconjugate [89Zr]Zr-Df-Bz-NCS-GGSK1/30 showed excellent results regarding preclinical Immuno-PET application. For therapeutic purposes, in this
study radiolabeling of full GGSK-1/30 antibody and its recombinant ScFv with the therapy-nuclide 177Lu
should be investigated. In addition, the ScFv should also be radiolabeled with 89Zr and the shorter-lived PETnuclide 44Sc.
Methods: The monoclonal antibody GGSK-1/30 and the corresponding ScFv were functionalized with a tenfold
molar excess of AAZTA5-en-SA resulting in an estimated ratio of bound chelator moieties per protein of 4-5.
For 89Zr-radiolabeling the ScFv was analogously coupled to Df-Bz-NCS. After purification via SEC, the
resulting immunoconjugates were radiolabeled with 177Lu, 44Sc and 89Zr respectively. The obtained
radioconjugates were purified via SEC and their complex stability in 0.9 % NaCl-solution and human serum was
investigated.
Results: In all cases, the coupling of the appropriate chelator to the different proteins could be confirmed by
successful radiolabeling with 177Lu, 44Sc and 89Zr. In detail, 177Lu-labeling resulted in a radiochemical yield
of 63.9 % after 90 min for AAZTA5-en-SA-GGSK-1/30 and 80.5 % after 30 min for AAZTA5-en-SA-ScFv,
respectively. Df-Bz-NCS-ScFv was radiolabeled with 89Zr with 76.8 % RCY after 90 min. 44Sc-labeling of
AAZTA5-en-SA-ScFv resulted in 32.4 % RCY. Within radiolabeling experiments of the AAZTA5-en-SAfunctionalized proteins, the presence of unbound chelator residues was determined. This impurity could be
completely removed via SEC. After purification, [177Lu]Lu-AAZTA5-en-SA-GGSK-1/30, [177Lu]LuAAZTA5-en-SA-ScFv, [89Zr]Zr-Df-Bz-NCS-ScFv and [44Sc]Sc-AAZTA5-en-SA-ScFv were thus obtained

with radiochemical purities of >95 %. Complex stability measurements in 0.9 % NaCl-solution and human
serum indicated >91 % protein-bound activity within 7 days for [177Lu]Lu-AAZTA5-en-SA-GGSK-1/30,
[177Lu]Lu-AAZTA5-en-SA-ScFv and [89Zr]Zr-Df-Bz-NCS-ScFv.
Conclusion: AAZTA5-en-SA-GGSK-1/30 could be successfully radiolabeled with 177Lu. The resulting
radioconjugate [177Lu]Lu-AAZTA5-en-SA-GGSK-1/30 offers a high complex stability in NaCl-solution over 7
days. Therefore, it represents a promising tool for therapy of TA-MUC1 expressing breast cancer. The
corresponding ScFv could be successfully functionalized with AAZTA5-en-SA as well as with Df-Bz-NCS and
radiolabeled with 177Lu, 44Sc and 89Zr. Both the 177Lu- and 89Zr-labeled ScFv-conjugates remained stable in
humanserum and NaCl-solution within 7 days. Due to their lower molecular weight, these radioconjugates
should provide significant faster pharmacokinetics and lower circulation time. AAZTA5-en-ScFv therefore
represents a potential radiopharmaceutical for both Immuno-PET diagnosis and therapy of breast cancer.
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The use of copper-64 as a diagnostic agent is a highly attractive option as unlike many other PET
radiopharmaceuticals, it has a half life of 12.7 hours. This presents a number of advantages for clinical sites
including;
- Cu-64 has a lower positron range leading to higher resolution PET images compared to Ga-68 & Zr-89
- Imaging at multiple time points over 24 hours to determine clearance kinetics
- Later imaging may offer improvements for diagnosis
- Increased flexibility in patient scheduling, which is highly desirable in paediatric studies
- Can be centrally manufactured and shipped to sites, which remove the need for sites to have direct access to
cyclotron facilities, radiolabelling facilities and quality control personnel for release.
- Can be combined with Cu-67 as a therapeutic agent to create a true theranostic development platform
Clarity Pharmaceuticals, together with SAHMRI (South Australia Health and Medical Research Institute) have
commenced centralised manufacture of Cu-64 SARTATE for clinical trials in Australia for neuroblastoma in
children and meningioma in adults. Cu-64 SARTATE is based on Clarity’s proprietary SARTATE technology
which utilises the best-in-class copper chelators bound to octreotate, which targets SSTR2 expressing tumours.
Cu-64 SARTATE can be shipped from Adelaide across Australia for next day administration and subsequent
PET imaging over 24 hours.
The same central manufacturing model will be used to initiate further clinical trials based on Clarity’s
SARTATE platform. Furthermore, new Cu-64/Cu-67 products based on SAR- Bombesin and SAR-PSMA will
allow development of novel theranostic agents for larger patient populations that is overlooked due to supply
limitations of existing Ga-68 PET agents.
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IntroductionIn recent years the demand for the positron emitter Ga-68 has massively increased due to its use in
radiopharmaceuticals suitable for diagnosis of malignant tumors using PET/CT. This need can hardly be met by
GMP-approved Ge-68/Ga-68-generators. Supply gaps emerged recently, which could not be entirely closed
despite the temporarily tolerated access to unauthorized generator systems.
One opportunity to avoid the use of generator-based Ga-68 is the cyclotron-based production via the nuclear
reaction 68Zn(p,n)68Ga started from the stable isotope Zn-68. Currently, various production routes are being
intensively investigated. Since liquid targets are not capable of meeting the demand for Ga-68, more promising
methods are based on the use of Zn-68 in solid-targets. Herein, we present a cyanide-free method for the
electrochemical preparation of the solid-targets as well as the first results of the cyclotron-based production of
Ga-68 using solid targets of Zn-68 Methods The plating of the targets was carried out electrochemically using an
Alceo system from Comecer. The Zn-68 electrolyte solution was prepared starting from Zn-68 oxide, which was
dissolved in a small volume of 0.6ml HCl, diluted to 5 ml and adjusted to pH=9.2 using NH4OH/NH4Cl-buffer.
The electrolysis took place overnight at 3.2V. The deposited amount of Zn-68 ranged between 20-50 mg. After
the transfer of the plated target to the PTS-Irradiation unit, it was irradiated with a proton beam (16.5MeV, GEPETTRACE, 15μA/25min)
Afterward, the irradiated target was transported back to the EDS unit for post-processing.
Zn-68 and the formed Ga-68 were removed with an HCl-acidic NaCl solution. Then, Ga-68 was trapped on a
suitable anion exchange cartridge (MK-GA, Macherey-Nagel). If needed the cartridge can be washed with NaClsolution to reduce the content of zinc in the final product. 0.1M HCl was introduced into the final vial and the
Ga-68 retained on the exchange cartridge was eluted into the final vial with a small amount of diluted NaOH.
The radionuclidic purity was determined by gamma-spectroscopy using a high-purity germanium detector
(HPGe, Ortec). The determination of the content of Fe and Zn was carried out colorimetrically. Conclusions
With a beam time of 25 min at 15μA, initial irradiation tests followed by semi-automatic purification (ca. 15 - 20
min) yielded up to 4.8 GBq of Ga-68 (n. d. c.). The target preparation, as well as the Ga-68 separation procedure,
does not require any organic solvents. The 0.5 M HCl used to detach the target material is fundamentally more
gentle on materials than reported methods, which usually use higher concentrations of HCl. As radionuclide
impurities, Ga-66 and Ga-67 were identified and the radionuclidic purity was determined to be >99,9%. The
concentration of Fe ions in the final product was less than 0.1μg/mL. The content of Zn can be further reduced

by including of a washing step and the amount of Ga-68 can be significantly increased by changing the beam
parameters. In summary, a rapid and straightforward production method for Ga-68 was developed, which does
not require any organic solvents, avoids the use of any cyanides and only uses very dilute acids.
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Introduction: Over the last decade, interest in targeted tumor therapy using alpha-particle emitting therapeutics
has grown rapidly. Currently, various isotopes are evaluated for their use in clinical routines. Among them, alpha
emitters such as Bi-213 and Pb-212 with half-lives in the range of hours are under investigation, but also longerlived nuclides such as Ac-225 or Th-227, can be found, which decay in cascades of daughter nuclides. A
strongly discussed representative of this group of the latter group represents Ac-225 with a half-life of around 10
days. Because of its complex kinetics, Ac-225 is a suitable candidate for labeling of DOTA-conjugated,
clinically used precursor molecules such as TOC or PSMA-617. Herein, we present our efforts in establishing
the routinely used radiopharmaceutical production and quality control of Ac-225-DOTA-TOC and Ac-225PSMA-617 for subsequently clinical application.
Methods: DOTA-TOC and PSMA-617 were labeled with Ac-225 using the following procedure: A mixture of
DOTA-TOC or PSMA-617 (20 μg/MBq) in 1 mL of sodium acetate buffer (1 M, pH=5.5) and Ac-225-chloride
(10 - 25 MBq) in 50 μl 0.05M HCl were incubated for 30 minutes at 92°C. Quality control using iTLC-SG plates
with 0.4 M sodium citrate solution (pH = 2.3) as the eluent was performed immediately after the end of the
synthesis. The percentage distribution between complexed (starting point) and unbound Ac-225 (front) was
determined using an LSC counter right after the development of the iTLC plate by cutting the iTLC in half. For
the final formulation, the reaction solution was further diluted with 0.9 % aqueous NaCl solution to an activity
concentration of 1 MBq/ml and sterile filtered. The pH of the formulation was measured to be 5.5 using pH test
strips. Additionally, samples for the sterility test and the determination of the endotoxin content were taken.
Results and Conclusions: Synthesis and quality control were established following recent GMP regulation.
Different iTLC methods and their evaluation were compared. The use of an LSC-counter allows the fast and
easy determination of the ratio between 'free“ and 'bound“ Ac-225 . Recent literature reports the necessity to wait
for around one hour before determination of the radiochemical purity via iTLC. In contrast to that, the presented
method is suitable for rapid and easy determination, which renders the quality of the radiopharmaceutical
regarding the stability of these kind of compounds in solution. The radiopharmaceutical can be used directly
after production and quality control.
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Background: Peptide receptor-targeted radionuclide therapy (PRRT) targeting the somatostatin receptor subtype
2 (SSTR2) is an effective treatment for gastroenteropancreatic neuroendocrine tumors (GEP-NETs). However,
outcomes for patients treated with current beta-particle PRRT (e.g., 177Lu-DOTATATE; Lutathera) are largely
limited to stable disease and partial responses. Our recent preclinical research on the potential for alpha-particle
PRRT using 212Pb-DOTA0-Tyr3-octreotide (212Pb-DOTATOC) to improve outcomes for these patients
significantly inhibited tumor growth in vivo. However, the therapeutic effect of 212Pb-DOTATOC was
accompanied by observable renal toxicity. In the current study, we explore the potential to improve PRRT for
NET by combining the radionuclide therapy with approved drugs. Everolimus is an effective standard of care
therapy for progressive GEP-NETs that acts by inhibiting the mammalian target of rapamycin (mTOR), but it is
largely cytostatic and rarely leads to objective responses. The effect of everolimus on SSTR2 expression is not
known. A second class of drugs under investigation are histone deacetylase inhibitors (HDACi), which are
known to upregulate SSTR2 by epigenetic modification and to inhibit DNA repair enzymes. In this context, we
explored the potential of enhancing the efficacy of 212Pb-based PRRT by combining with everolimus and
HDACi.
Methods: BON-1 (pancreatic) and NCI-H727 (bronchial) cells were treated with everolimus and Sodium 4phenylbutyrate (4-PBA; a HDACi) alone and in combination, and the transcriptional SSTR2 upregulation was
determined by quantitative real-time polymerase chain reaction (qRT-PCR), followed by [203Pb]DOTATOC
SPECT/CT imaging. In vitro cell growth was also monitored after treatment with these drugs (alone and in
combination) to determine if these drugs have their own anti-proliferative effect. In addition, the long-term effect
of everolimus on SSTR2 expression was assessed by the qRT-PCR in the NCI-H727 cells.
Results: Treatment of the NET cells (both BON-1 and NCI-H727 cells) with everolimus and 4-PBA upregulated
SSTR2 expression by mRNA, and SSTR2 expression was significantly increased when the drugs were combined
(relative to mono-treatments). Everolimus and 4-PBA each exhibited anti-proliferative effects in vitro and the

combination of these drugs further decreased cell proliferation compared to mono-treatments as controls. 203PbDOTATOC SPECT/CT images confirmed the potential to enhance the radiolabeled peptide uptake in BON-1
xenograft model by pre-treatment with the combination of everolimus and HDACi. Interestingly, long-term (>26
wks) continuous treatment with everolimus eventually decreased SSTR2 expression; but the introduction of a cotreatment with HDACi (together with everolimus) was observed to restore SSTR2 expression in these cells.
Conclusion: This study suggests that the combination of everolimus and HDACi might enhance the efficacy of
alpha particle PRRT via pharmacological upregulation of SSTR2 and potentiated anti-tumor effect. The results
further suggest that the benefit can be applied not only to the everolimus-naive NETs but also to the everolimusadapted NETs. In vivo efficacy and comprehensive toxicity need to be evaluated to advance the approach to
clinical introduction.
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The membrane bound serine protease fibroplast activation protein (FAP) is overexpressed in in cancer-associated
fibroblasts. It is involved a number of tumour-promoting metabolic processes like matrix remodelling,
angiogenesis, chemotherapy resistance and immunosuppression. While FAP shows low expression in most
normal organs, cancer-associated fibroplasts, representing a subpopulation of tumour stromal cells,
overexpressing FAP are associated with poor prognosis in cancer patients. As the tumour stroma accounts for a
large part of the tumour mass this subpopulation represents an attractive target for the delivery of diagnostic as
well as therapeutic compounds. Consequently, recent developments on this target showed promising results in
preclinical and a few clinical set ups with FAP-inhibitors for positron-emission tomography (PET). In the
presented work a new FAPI variation for PET and therapy based on the work from Lindner et. al. was
synthesised utilizing squaric acid as linker between the chelator and the biological active moiety and preliminary
evaluated with gallium-68.
Synthesis of the compound was performed by asymmetric amidation of squaric acid with subsequent purification
of the crude product by HPLC.
Radiolabelling of DOTA-SA-FAPI with gallium-68 was performed manually utilizing ethanol post-processed
68Ga-eluate from a 2-year-old 68Ge/68Ga-generator (ITG, Garching). 300 μl eluate and 300 μl 1 M ammonium
acetate buffer were mixed with varying amount (10-40 μg) of DOTA-SA-FAPI (1 mg/ml in water) and heated in
a thermo shaker at different temperatures (70-95°C). C18 purification was performed using standard protocol.
RadioTLC as well as radioHPLC were used for determination of radiochemical purity. Stability studies against
transmetallation (Fe, Cu, Ca, Mg), transchelation (EDTA, DTPA) as well as in human serum, ethanol and saline
were performed.
A new FAPI-compound for radiolabelling with different radiometals could be synthesised using squaric acid as
linker between DOTA and FAPI. Subsequent semi-preparative HPLC obtained the final product purity suitable
for radiometallabelling.
Radiolabelling kinetics with varying amounts of chelator as well as at different temperatures were investigated as
well as subsequent cartridge-based solid-phase-extraction (C-18) resulting in a radiochemical purity of the final
tracers of ≥98%. Stability studies for transmetallation and transchelation [68Ga]Ga-DOTA-SA-FAPI were
performed covering a period of 2 h and confirmed high stability in all experiments. Radiochemical purity could
be analyzed effectively using radioHPLC and radioTLC. Additionally, a first radiolabelling using generator

derived scandium-44 could be performed but with low radiochemical yields. Further investigation here is
needed.
The new FAPI-compound was successfully evaluated in terms of radiolabelling kinetics as well as in vitro
stability with gallium-68 as radiometal. Determination on in-vitro affinity towards FAP and selectivity over
PREP and DPP4 and DPP8 are currently underway and further studies, e.g. cell studies, small animal imaging,
are planned to evaluate its potential as PET imaging agent.
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Background/Aims: The prostate-specific membrane antigen (PSMA) is a promising target for imaging and
targeted radionuclide therapy of metastatic prostate cancer. Positron-emitting copper-64 has attractive physical
characteristics for imaging and provides a diagnostic partner for the therapeutic radionuclide copper-67. New
sarcophagine-based macrobicyclic cage amine ligands were prepared conjugated to either one or two glutamateurea-lysine containing inhibitors of PSMA. The new complexes were radiolabelled with [64Cu]CuII and
evaluated in a LNCaP xenograft prostate cancer mouse model.
Methods: A sarcophagine ligand with a single glutamate-urea-lysine functional group (SarPSMA) was prepared
as well as derivative containing two glutamate-urea-lysine functional groups (SarbisPSMA). Both ligands could
be radiolabelled with [64Cu]CuII at room temperature in <20 min to give complexes with high radiochemical
purity.
Small animal PET/CT images and organ biodistribution data of LNCaP tumour-bearing NGS mice were
acquired at 1, 4, and 24 hr post-injection following intravenous administration of either [64Cu]Cu(SarPSMA) or
[64Cu]Cu(SarbisPSMA).
Results: Tumour uptake of [64Cu]Cu(SarPSMA) peaked at 1 hr to 9% IA/g but tumour retention was low with
1% IA/g remaining at 24 hrs post-injection and rapid renal clearance. In comparison, [64Cu]Cu(SarbisPSMA)
displayed significantly increased tumour uptake and retention (13% IA/g at 24 h post injection. Tumour as well
as kidney uptake could be blocked by injection of excess non-radioactive peptide.
Conclusion:
[64Cu]Cu(SarbisPSMA) has superior tumour uptake and retention when compared to monomeric
[64Cu]Cu(SarPSMA) and warrants further investigation.
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Aim: The AAZTA chelator has gained great interest in recent years as it can be used for both diagnosis with
radiometals as gallium-68 and scandium-44 and therapy with the radionuclide lutetium-177. A further advantage
of the AAZTA chelator is the radiolabeling under mild conditions with high radiochemical yields. In
comparison, the DOTA chelator needs high temperatures above 90 °C for a complexation with the respective
radionuclide. The good properties of AAZTA could be used to bind temperature- and pH-sensitive target vectors
such as antibodies or nanoparticles.
Methods: As proof-of-concept, the new bifunctional AAZTA5-ethylenediamine-squaric acid (AAZTA5.SA)
moiety was coupled to the monoclonal antibody bevazicumab (trade name Avastin®). The coupling was
performed with a tenfold molar excess of AAZTA5.SA, wherein a chelator to antibody ratio (CAR) of 4 5 is
assumed. The AAZTA5.SA.mAb conjugate was purified via Size Exclusion Chromatography and subsequently
radiolabeled with lutetium-177. Analogously, DOTA.SA.mAb was synthesized, purified via SEC and
radiolabeled with lutetium-177 under same conditions. The stability measurements were examined in human
serum (HS) and phosphate buffered saline (PBS) at 37 °C.
Results: [177Lu]Lu-AAZTA5.SA.mAb indicated high radiochemical yields of >63 % at room temperature and
>79 % at 37 °C both after 15 minutes. As impurities small amount of unbound [177Lu]Lu-AAZTA5.SA
complex and another impurity were detected. After SEC, these impurities could completely be separated and a
purity of >99 % and a specific activity of 4.1 GBq/μmol were obtained.
[177Lu]Lu-DOTA.SA.mAb, in contrast, showed no radiolabeling at RT and only very low complexation (RCY
>10 %) at 37 °C with a high percentage of free activity (>89 %).
[177Lu]Lu-AAZTA5.SA.mAb showed high stabilities in HS and in PBS. The intact radioconjugate was >99 %
stable in HS over a period of 15 d and in PBS after 2 d. In PBS, a small decrease in stability with a coincident
development of a by-product was observed. Nevertheless, the intact conjugate was stable over 93 % after 15 d
with no free activity detected.
Conclusion: The AAZTA5.SA moiety was successfully coupled to the mAb bevacizumab and radiolabeled with
lutetium-177. The immunoconjugate showed high radiolabeling at room temperature and even better lutetiumcomplexation at 37 °C. The in vitro stability measurements showed high values of the intact conjugate both in
HS and in PBS. In HS, a high stability of >99 % was observed over a period of two weeks. In PBS, a stability of
over 99 % could be achieved over 2 d and still >93 % after 15 d.

DOTA.SA.mAb, however, showed a minimal complexation with the radionuclide and a very high percentage of
free lutetium-177 activity, under identical conditions.
Hence, AAZTA5.SA is a promising moiety for theranostic applications of lutetium-177 labeled antibody
conjugates.
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Liver cancer seriously threatens human health, and its incidence will continue to be at a high level. Early
diagnosis of liver cancer is crucial for its treatment. In the development of liver cancer, inflammation plays an
important role, and it mainly induces liver cancer through reactive oxygen species (ROS), RNS, DNA damage,
etc., thereby promoting tumor proliferation and growth. So, we have developed an efficient and specific way to
detect the peroxynitrite (ONOO-) which is one of the intracellular ROS that is abnormally expressed during the
development of inflammation and this work has the potential to be of great significance for the early diagnosis of
liver cancer.
Methods: Here, we have developed a boronate-based fluorescent probe-protein nanohybrid for the real-time,
quantitative monitoring of abnormal expression of ONOO-. The hybrid was constructed through the “host-guest”
inclusion of a boronate-based fluorescent probe that selectively targets ONOO- and Human serum albumin
(HSA) that acts as biocompatible carrier for the and a fluorescence enhancer.
Results: Fluorescence spectroscopy and small-angle X-ray scattering (SAXS) were used to elaborate the
boronate-based fluorescent probe-protein hybridization. Fluorescence titration experiments show that the probe
is encapsulated by protein. The probe-HSA binding ratio was determined by the fluorescence Job’s plot. In order
to determine the site where the probe binds to the protein, site competition experiments and SAXS experiments
were performed, and consistent results were obtained. The mode of action of the probe and HSA is demonstrated
by molecular docking. Next, we examined the response of individual probe and the nanohybrid to ONOO- and
showed that the nanohybrid produced a brilliant increase in fluorescence and demonstrated a faster response
towards ONOO- compared to boronate-based fluorescent probe alone in aqueous solution. Having determined
the excellent performance of nanohybrid, then we evaluated its ability to image exogenous ONOO- in a number
of different cell lines (Hela, RAW 264.7 and A549), resulting in consistent results with solution testing. From
the possibility on the examination of exogenous ONOO-, we constructed a cell inflammatory model using RAW
264.7 cells to monitor endogenous ONOO-. Currently, in vivo imaging experiments using this system for
inflamed mouse model are ongoing. Preliminary results indicate that the nanohybrid is highly likely to imaging
the production of inflammation-related ONOO- in vivo.
Conclusion: We note that, by using the host-guest self-assembly strategy for inclusion of a boronate-based
fluorescent probe into a serum protein, leading to ONOO- response bioimaging, is unprecedented. This

nanohybrid provided a potential strategy for bioimaging to reveal the role of ONOO- in the development of
inflammation, which may have important implications for the early diagnosis of liver cancer.
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Objectives: Prostate cancer is the most common cancer and the second leading cause of cancer death in men
worldwide (1).The prostate-specific membrane antigen (PSMA) is an ideal target in diagnostic and treatment of
prostate cancer. PSMA is a transmembrane protein that is 1000 fold higher expressed in prostate tumor cells than
in normal tissues. Its expression correlates with the progression, aggressiveness and metastasis of the tumor (2).
The pharmacophore unit of the most potent theranostics is a L-lysine urea-L-glutamate unit (KuE) with a high
affinity to PSMA. In this study the KuE motif is coupled to the new chelators AAZTA5 and DATA using
squaric acid (SA). In the present study we investigate the impact of the chelator-SA motif on the in vitro
characteristics of the targeting vectors in terms of PSMA binding affinity and internalization.
Methods: The binding affinity of the chelator.SA.KuE derivatives ([natGa]Ga.AAZTA5.SA.KuE,
AAZTA5.SA.KuE, [natGa]Ga.DATA.SA.KuE and DATA.SA.KuE) was determined in a competitive cell assay
using PSMA-expressing LNCaP cells. The LNCaP cells were incubated with 0.75 nM 68Ga-PSMA-10 in the
presence of 12 different concentrations of the new non-labeled PSMA-ligands. After incubation at room
temperature for 45 min, the free radioactivity was removed by several washing steps with PBS (phosphate
buffered saline). The cell bound activity was measured with a gamma counter.
Since a high ratio of internalization has a positive impact on the efficacy of a therapeutic, the PSMA-specific
uptake into tumor cells is determined using PSMA-positive LNCaP cells. The cells are incubated with the test
compounds under different conditions: at 37°C with and without PMPA (a potent PSMA inhibitor); at 4°C with
and without blocking. The free radioactivity is removed by washing four times with PBS. The surface bound and
the internalized fraction is separated by incubating the cells with 50 mM glycine buffer. Finally, the cells are
lysed by incubation with 0.3 M solution of sodium hydroxide. The internalized fraction is determined by
measuring the lysis solution in a gamma counter. [68Ga]Ga-PSMA-11 was used as a reference substance in both
experiments.
Results and conclusion: The preliminary results of the competitive binding assay on LNCaP cells showed a
nanomolar binding affinity for the new chelator.SA.KuE derivatives. The IC50 values were comparable to the
IC50 of [68Ga]Ga-PSMA-11. Further investigations are ongoing to analyze the in vitro characteristics of both

PSMA-inhibitors in terms of binding affinity and specific uptake into tumor cells. In addition to the simplified
synthesis and coupling, the SA-conjugated PSMA inhibitors indeed displayed a promising performance in vitro.
References:
1. Bray F, et al. GLOBOCAN estimates of incidence and mortality worldwide
2. Ghosh A, et al. Journal of cellular biochemistry. 2004;91:528-539
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Objectives: Introduction of α-methyl group to tryptophan will reduce the metabolism by monoamine oxidase
(MAO) and increase the retention in the tissue. However, the altered whole body distribution and analysis of
metabolites have not been elucidated. Thus, we performed biodistribution and metabolism studies using 18Flabeled and unlabeled L- or D-trifluoromethyl tryptophan (CF3-L-Trp or CF3-D-Trp) and L- or Dtrifluoromethyl-α-methytryptophan (CF3-L-AMT or CF3-D-AMT) to investigate the effect of α-methylation.
Methods: All radiolabeled tryptophan derivatives were prepared by [18F]trifluoromethylation on 2-position of
indole and the enantiomeric purity of each tracers was investigated using chiral HPLC. The labeled tracers were
intravenously injected into BALB/c mice (4-5weeks old, n=4, 18±1 g in each group) without anesthesia to assess
the differences in systemic distribution. After sacrifice at 10, 60 and 120 min, uptakes of each tracer to each
organ were obtained as the percentage of injected dose per gram of tissue (% ID/g). For metabolism study, 5 mg
of non-radioactive CF3-L-Trp or CF3-L-AMT was injected in the same manner. At 10 and 60 min postinjection, brain, blood and urine were obtained and injected into HPLC. Metabolite peaks were compared with
synthetic metabolites and mass spectra (m/z) of major metabolites were analyzed by LTQ velos mass
spectrometer.
Results: Enantiomeric purity of prepared tracers were over 99% and no racemization occurred during
radiosynthesis. All the tracers showed high uptakes in the kidney. At 10 min, the brain uptakes of [18F]CF3-LAMT and [18F]CF3-L-Trp were 2.27 ± 0.14 and 2.06 ± 0.22, respectively, and [18F]CF3-D-AMT and
[18F]CF3-D-TRP were 0.34 ± 0.03 and 0.48 ± 0.04, respectively. The brain uptake of [18F]CF3-L-AMT at 60
min (0.73 ± 0.08) was significantly higher than that of [18F]CF3-L-Trp (0.43 ± 0.08). The bone uptake of
[18F]CF3-L-AMT at 60 min (4.50 ± 0.47) was significantly lower than that of [18F]CF3-L-Trp (9.34 ± 0.62),
suggesting the lower in vivo defluorination of [18F]CF3-L-AMT. In CF3-L-Trp metabolism study, 31% and
78% of CF3-serotonine peaks were found in brain and blood at 60 min, respectively. However, CF3-L-AMT did
not show any metabolite in brain or blood. In urine, no metabolite was detected for both compounds.
Conclusion: We evaluated the biodistribution and metabolism of the four tryptophan derivatives and confirmed
that α-methylation increased the retention in the brain by reducing metabolism by MAO. However, we also
found that α-methylation might decrease the in vivo defluorination of the tracer.
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Introduction: The acronym THERANOSTICS epitomizes the inseparability of diagnosis and therapy, the
pillars of medicine and takes into account personalized management of disease for a specific patient. Molecular
phenotypes of neoplasms can be determined by molecular imaging with specific probes using PET. The major
advantage of PET is that it not only enables in vivo visualization of physiological processes on molecular level
in real time, but it also quantifies them by measuring regional concentration of the radiation source.
THERANOSTICS of neuroendocrine tumors (NETs) using Ga-68 labeled tracers for diagnostics with (PET/CT),
and Lu-177 or other metallic radionuclides for radionuclide therapy by applying the same peptide proves that
personalized radionuclide therapy today is already a fact and not a fiction. Since its first clinical use at INMOL
in November 2017, there seems a tremendous increase in the number of studies with Ga-68, demonstrating its
potential to gradually become the Tc-99m for PET/CT in Pakistan in near future.
Materials and Methods: Ga-68 is an easily-available generator-derived diagnostic trivalent radio metal with
convenient labeling characteristics. Ga-68 is prepared from a TiO2 based Ge-68/Ga-68 generator system, which
has a half-life of 288 days. INMOL has launched a GMP compliant, fully automated click and start cassettebased synthesis system with easy handling (ITG, Germany) for the daily routine production of Ga-68 labeled
radiopharmaceuticals. Post-processing of Ge-68/Ga-68 radionuclide generators using cation exchange resin
provides chemically and radio-chemically pure Ga-68 within few minutes ready for on-site labeling with high
overall product yields. We have established the procedure by using DOTA-NOC (for imaging of NETs) and
Prostate-Specific Membrane Antigen (PSMA) for imaging of prostate cancer, followed by treatment with
177Lu-DOTATATE and 177Lu-PSMA. Quality control parameters of 68Ga/177Lu-biomolecules were assured
according to European pharmacopoeia.
Results: The elution efficacy of our Ga-68/Ge-68 generator is approximately 97±2.2%, while labeling efficacy
of 177Lu-biomolecules is 98±1.2%. Ge-68 Breakthru was checked by well counter. To check Germanium
breakthrough the sample is placed for 48 hours then checked again in well counter. The breakthrough should be
<0.001% which was found in our system well within limits. For quality control and quality assurance of 68Gabiomolecules, we follow limits as prescribed in European Pharmacopoeia, e.g., pH of product 4.5 - 7.5,

Radiochemical purity >95%, Half-life 105 - 115 min, Endotoxins <2.5EU/ml and pressure in Filter Integrity Test
>50 psi.
Conclusion: From above figures and facts, it can be concluded that in Pakistan, there exists a good potential for
capacity-building in establishing theranostics facility under GMP environment by using PET/CT imaging in
clinical management of various malignancies.

Chemistry and Pharmacy
PP-079 (AK0125)
Anti-Tumor Effect of CD206+ TAM-Specific Depletion with Finely Tuned Clickable LiposomesEncapsulated Clodronate.
Ji Yong Park1, Hyewon Chung2, Kyuwan Kim3, Minseok Suh4, Seung Hyeok Seok2* and Yun-Sang Lee3*
1

Department of Nuclear Medicine, Department of Biomedical Sciences, Seoul National University, Korea,
2

Department of Microbiology and Immunology, Institute of Endemic Disease, Seoul National University,

Korea,

3

Department of Nuclear Medicine, Seoul National University Hospital, Korea,

4

Graduate School of

Convergence Science and Technology, Molecular Medicine and Biopharmaceutical Sciences, Seoul National
University, Korea
lamseok@snu.ac.kr, wonza43@snu.ac.kr
Introduction: Among the early infiltrating myeloid cells, CD206-expressing tumor associated macrophages
(CD206+ TAMs) have been known to orchestrate tumor progression by potently promoting tumor growth as
well as participating in pre-metastatic milieu. In fact, noninvasive CD206-targeted molecular imaging technique
was previously developed with various platform such as nanoparticles, liposomes and biomolecules. However, it
is difficult to characterize nanoparticles and liposomes as monodispersed nanoparticles due to their wide size
distribution.
Moreover, most studies in the field of TAMs targeting platform have only focus on imaging modality. So main
purpose of this study is to make therapeutic finely tuned clickable liposome by drug loading in the liposomal
inner space and surface modification using clickable ligands of Mannose-Azide (Man-N3) for anti-tumor effect
of CD206+ TAM-specific depletion with mannosylated liposomes-encapsulated clodronate (Clod-mannose lipo).
Methods: Clickable clodronate loaded liposomes (Clod-lipo) were prepared by mixing a predetermined ratio of
DSPC, cholesterol, and DSPE with 2.5 mol% of DBCO-PEG2000-DSPE, and then the crude mixture was
extruded using clodronate solution. The clodronate solution was prepared by dissolving clodronate disodium in
PBS to a concentration of 100 mg/ml. The extruded liposome (Clod-lipo) was filtered by 200 nm polycarbonate
filter. To conjugate mannose on the liposome surface, 400 nmol of Man-N3 was added to 5 mg/ml of Clod-lipo
solution, and then the mixture was purified by PD-10 desalting column. Lastly, fluorescent labeled Clodmannose lipo was prepared by reaction with FNR648-N3. The size distribution of liposomes was measured by
dynamic light scattering and nanoparticle tracking analysis.
Results: Prior to undertaking main study, in vitro uptake was checked using confocal immunofluorescent image
of RAW264.7 cells incubated with FNR648-labelled mannose lipo for 2 h (Fig1.a). For the purpose of antitumor effect of CD206+ TAM-specific depletion, the experiment for orthotopic injection of 4T1-luciferase cells
followed by depletion of TAMs through intraperitoneal injection of Clod-mannose lipo or non-targeted
liposomes-encapsulated clodronate (Clod-lipo) or PBS (Control) three times per week (Fig1.b). The result, as
shown in (Fig1.E-H), indicated that our Clod-lipo successfully target the tumor site having more anti-tumor

effect than non-targeted liposomes. After this study, we have comparison study of all the mouse using
bioluminescent imaging (Fig1.G) that was quantified in (Fig1.H). For checking the level of CD206 of all the
experimental group, the mouse was sacrificed and sectioned for taking confocal image and flow cytometry on
end of the experiment (Fig1.C,D). Together these results indicate that our Clod-lipo has anti-tumor efficacy
because of the selective depletion of CD206+ TAMs.
Conclusions: The critical contribution of CD206+ TAMs in overall tumor progression was further supported by
the attenuation of tumor growth in 4T1-bearing mice upon selective depletion of CD206+ TAMs thorough
injection of CD206-tageted liposomes-encapsulated clodronate.
Acknowledgements: This work was carried out by the research fund supported by the fund project of Park Yang
Sook - Chung Yung Ho in Seoul National University. Yun-Sang Lee was supported by Radiation Technology
R&D program (NRF-2017M2A2A7A01021401) through the National Research Foundation of Korea (NRF).
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Introduction: Currently applied imaging modalities are limited by difficulties in detection of small metastatic
lesions at an early-stage, thus missing the opportunity for an optimal response to therapeutic interventions. Given
the earlier infiltration of CD206-expressing tumor associated macrophages (CD206+ TAMs) than cancer cells in
metastatic site, noninvasive imaging of CD206+ TAMs has a strong implication for earlier detection of
metastasis in clinic. Here, we delineate the noninvasive detection of lung metastases using 111In and
fluorescence labeled mannosylated human serum albumin (111In-MSA-FL), which binds to CD206, in
orthotopic breast cancer xenograft models. The SPECT/CT images with 111In-MSA-FL demonstrates the strong
correlation between quantitative uptake and metastatic burden and ultimately, enables the identification of earlystage metastatic lesions that are not discernible under standard imaging modalities including [18F]FDGPET/MRI.
Methods: To synthesize a CD206-targeted imaging probe that enabled the noninvasive imaging of CD206+
TAMs in vivo, the clickable albumin platform was prepared for conjugation of mannose, fluorescence dye and/or
111In. The number of azadibenzocyclooctyne (ADIBO) group for click reaction on the albumin platform was
8.4±0.32, which was degree of functionalization (DOF) and calculated using UV-Vis spectrophotometric
method. Using this albumin platform, 5 molar excess of 1-O-(2-(2-(2-azidoethoxy)ethoxy)ethoxy)-alpha-Dmannopyranoside (Man-N3) was mixed with the ADIBO modified albumin platform. The number of mannosyl
group on albumin platform was 4.1±0.26 and then this mannosylated human serum albumin (MSA) was used for
fluorescence (FNR648) labeling and/or 111In labeling to make MSA-FL or 111In-MSA-FL. The sizes of MSA
derivatives were measured using dynamic light scattering (DLS) method, and to be almost same with human
serum albumin.
Results: First, 111In-MSA-FL was injected intravenously into this mice with orthotopic xenografts, and the
SPECT/CT images were taken at 24 h post-injection. In addition to substantial uptake in tumor, particularly
tumor stroma at day 14, we demonstrated a clearly higher uptake in lung from 4T1-bearing mice compared to
tumor-free mice at day 28. We next assessed the capability of the established 111In-MSA-FL-based CD206

imaging to discern metastatic lesion noninvasively at early stage. The 4T1-bearing mice were imaged with both
SPECT/CT using 111In-MSA-FL and PET/MRI using [18F]FDG from day 14 to 28 after cancer cell injection.
Longitudinal monitoring showed the signal intensity at the future metastatic lung was gradually increased until
day 28 when substantial metastatic nodules were observed, which was consistent with the flow cytometry
analysis. Notably, we found 111In-MSA-FL signal in lung was higher compared to tumor-free mice as early as
day 14 and 21 post tumor inoculation as assessed by images-based visual analysis (Fig. 1a, b) and quantification
of 111In-MSA-FL accumulation in dissected lung (Fig. 1d) while there was no significant difference in
[18F]FDG PET/MRI imaging between 4T1-bearing mice and tumor-free mice at this time (Fig. 1 a-c). Thus, we
demonstrated 111In-MSA-FL-based imaging of CD206+ TAMs enabled the earlier detection of lung metastases
than [18F]FDG PET/MRI.
Conclusions: Our results provide robust evidence that targeting CD206+ TAMs with 111In-MSA-FL could be a
remarkable breakthrough to overcome the challenges in the early detection of metastasis and facilitates earlier
therapeutic interventions.
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Purpose: We tried to develop a new multi-functional imaging agent for SLN mapping by using Evans blue (EB)
and 99mTc-labeled mannosylated human serum albumin (MSA). EB was non-covalently conjugated to 99mTcMSA and then was evaluated its performance for SLN mapping by visual investigation, fluorescence imaging
and Single-Photon Emission Computed Tomography/Computed Tomography (SPECT/CT) in normal mice.
Materials and methods: EB was mixed with various concentration of MSA. The bound and free EB were
separated by Thin Layer Chromatography (TLC) and analyzed by Fujifilm LAS 3000 multi-gauge 3.0 to
measure affinity. The results were analyzed by LIVINGIMAGE version 2.12 (Xenogen) and IGOR version 1.24
(WaveMetrics) image analysis software. Ten μL of MSA-EB conjugate was injected to the footpad of normal
BALB/c mouse to test the lymph node uptake. Free EB was injected into the opposite site for comparison. The
visible and fluorescence images were taken at 10 min, 30 min, 1 h, and 2 h after injection. The fluorescence
images were taken by IVIS Lumina II (Ex/Em: 680 nm/790 nm) with 1 s exposure time and 10 cm field of view.
99mTc-MSA-EB conjugate (29.49 MBq) was injected to the footpad of normal BALB/c mouse and then
SPECT/CT was taken at 10 min, 30 min, 1 h, and 2 h after injection.
Results: EB bound with 10 mg MSA within 10 min completely. Bound fraction increased by time. We found
strong fluorescence signal of MSA-EB conjugate at Ex/Em 680/790 nm and the intensity of fluorescence signal
increased significantly as the amount of MSA increased. Uptake to popliteal LN were visible at 10 min after
injection and the uptake accumulated until 2 h. According to fluorescence imaging analysis, the popliteal LN
uptake was observed at 10 min (1.36x109 p/s) and reached to the maximum at 2 h (2.82x109 p/s). On the other
hand, free EB showed the highest uptake at 1 h (1.29x109 p/s) which decreased to 1.08x109 p/s at 2 h. MSA-EB
conjugate showed about 2-fold higher uptake than EB from 30 min to 2 h. SPECT/CT results showed that the
uptakes of 99mTc-MSA-EB conjugate in popliteal and inguinal LN were SUV 19.76 and 4.9, respectively, at 10
min after injection, and the uptakes continually increased to SUV 35.41 and 8.69, respectively, until 2 h.
Conclusion: We prepared 99mTc-MSA-EB conjugate successfully and confirmed its feasibility as a
multifunctional SLN mapping agent by visual investigation, fluorescence imaging and SPECT/CT in normal
mice.
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Background/Aims: 99mTc human serum albumin (HSA) nancolloid is a radiotracer widely used in nuclear
medicine procedures for lymphoscintigraphy, diagnostic purpose which includes bone marrow scanning,
inflammation scanning, and detection of melanoma and breast cancer. More recently the radiopharmaceutical
chemistry of Gallium-68 has been investigated to prepare potential PET / CT imaging agents. The aim of this
study was to prepare a 68Ga-HSA nanocolloid with suitability for lymphoscintigraphy imaging.
Methods: The radiocolloid was prepared by mixing an aqueous solution of 0.5mcg human serum albumin, 0.4
mL of 1 M sodium acetate buffer and 2.5 mL of water. The 68Ga generator was eluted with 0.1 M HCl and 68Ga
was collected on a SCX carriage. 0.5mL of 5 M NaCl and 5.5 M HCL solution was used to elute the 68Ga off
the SCX cartridge into the reaction mixture. The mixture was then heated at 100°C for 10 minutes. After cooling
the vial to 25°C, a sample was taken for quality control of the final product. Radio-instant thin-layer
chromatography (iTLC-SG, solvent 0.1 M citric acid) technique was used to determine radio labelling efficiency.
Results: The resulting product contained >99% of 68Ga-HSA particles and <1% of free 68Ga. The formulation
remained stable at 25°C for 1 hr. The whole procedure takes a total of less than 30 mins from elution to end of
quality control.
Conclusion: 68Ga-HSA nanocolloid was successfully synthesised with high radiochemical purity. Further data
is required to determine if suitable for lymphoscintigraphy imaging.
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Rationale: 3,4-dihydroxycyclobu-3-ene-1,2-dione or squaric acid (SA) is a multi-purpose tool in different
chemical applications (1-3). Coupling by SA diesters avoids several synthetic problems like i.e. challenging
protection group chemistry when coupling with other coupling reagents. SA diesters offer the possibility of
selectively combining two amines. This is done by a stepwise, pH-dependent, asymmetric amidation of the
diester under mild conditions, both in aqueous buffers and in organic solvents (4). Interestingly, despite the wellknown properties of SA the use of this strategy in radiopharmaceutical chemistry is rather limited. Only very a
few examples of using SA to connect bioactive molecules to chelators and then use them for nuclear imaging are
known. However, the ones reported used SA exclusively to link proteins or antibodies to the chelator
desferrioxamine (DFO), which has a peptide like structure (5,6). In our work we used the squaric acid to connect
TRAP-TEG-Amin (TRAM) with the typical KuE-unit which is used in molecules like PSMA-11 and PSMA617.
Methods: TRAM.QS.KuE was synthesized in a 5-step Synthesis and HPLC was performed to provide a clean
product. Afterwards differents amounts of TRAM.QS.PSMA were labelld with 68Ga at differents temperatures.
Furthermore in vitro-stbilies were performed in human serum and PBS-buffer. PET examinations were
performed on NMRInu/nu nude mice with an LNCaP tumor on the right hind leg. First two animals
[68Ga]TRAM.QSKuE were tested (60 min dynamic). Two other animals were also injected with the 64Cu
complexes of the compound. (120 min dynamic). To compare uptake values, 68Ga PSMA-617 was as well
investigated in the same animal model.
Results: The compound was labeled in high yields with 64Cu and 68Ga. In addition, high in vivo and in vitro
stabilities were measured. The obtained PET images show a very good tumor uptake with SUVs of xxx. The
SUV values obtained from the PET images show a similar value as the comparative derivative PSMA-617.
Conclusion: We consider SA a highly potent toll for connecting targeting structures and their chelates. We were
able to demonstrate that SA does not interfere with binding interaction of the KuE-strucutre in the PSMApocket. Also we consider that SA can increases the affinity of the KuE structure torwards the PSMA-pocket.
Keywords: Squaric acid, 64Cu, 68Ga, PSMA
Sources:
1 Storer et al. (2011) Squaramides: physical properties, synthesis and applications, Chem. Soc. Rev. 40, 2330.
2 Neuse et al. (1973) Amidierung von Quadratsaure-estern, Justus Liebigs Ann. Chem. 1973, 619-632.

3 Wurm et al. (2013) Be squared: expanding the horizon of squaric acid-mediated conjugations, Chem. Soc. Rev.
42, 8220.
4 Tietze et al. (1991) Anticancer Agents, 15. Squaric Acid Diethyl Ester: A New Coupling Reagent for the
Formation of Drug Biopolymer Conjugates. Synthesis of Squaric Acid Ester Amides and Diamides, Chem. Ber.
124, 1215-1221.
5 Rudd et al. (2016) A desferrioxamine B squaramide ester for the incorporation of zirconium-89 into antibodies,
Chem. Commun. 52, 11889-11892.
6 Yoganathan et al. (2011) Chemical synthesis and biological evaluation of gallidermin-siderophore conjugates,
Org. Biomol. Chem. 9, 2133.
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Background: Managing neuroendocrine tumors (NET) is often accompanied with low success; however,
nuclear imaging became a significant asset using personalized peptide receptor radionuclide therapy (PRRT).
Generator-based gallium-68 (68Ga) recently became opportunely available to hospital radiopharmacies. Thus,
the supply of 68Ga-DOTA-Tyr3-octreotate (68Ga-DOTA-tate) tremendously facilitates patients undergoing
177Lu-/ 213Bi-/ 225Ac-DOTA-tate-PRRT, which is implemented successfully in South Africa (1). Lacking a
commercially-available radiochemical synthesizer, increasing attention was given to a flexible, cost-efficient
68Ga-DOTA-tate radiolabeling solution including a “safe-and-simple” handling protocol suitable for a hospital
radiopharmacy. We herein describe an optimized 68Ga-DOTA-tate preparation using in-house-manufactured,
freeze-dried, multi-dose prepared kit vial and demonstrate its significance towards an optimal human application
to support radioendotherapy.
Experimental: A 0.9-2.0 ml 68Ga-gallium(III)chloride fraction was yielded from a newly-manufactured
68Ge/68Ga-generator; 100 consecutive manual 68Ga-DOTA-tate (13.3±1.3 μM) productions were compared
with 50 kit-based radiosyntheses (14.2±0.4 μM; P=0.101). Kits were manufactured containing DOTA-tate in
sodium acetate buffer to warrant a pH of 3.0-4.0 during radiolabeling. Radiolabeling was carried out as detailed
(2). Ethical approval for tracer injections was given.
Results: DOTA-tate was obtained with radiochemical purities of 98.8-100%, from freeze dried formulations
after reconstitution with 30% less 68Ga-Ga-gallium(III)chloride (P=0.003) than neessecary for manual
radiolabeling (≥95.6%). All kit-based productions were significantly better than the average manual production
(labeling efficiency of 86±5% vs. 48±26%; P<0.001) and led to reduction of production time (26±5 min;
P<0.001), colloidal 68Ga (7.5±3.6%; P=0.014), free 68Ga (6.3±2.2%; P<0.001) and C18-cartridge-retained
radioactivity (3.0±1.9%; P=0.019). Consequently, a 1.7-fold higher radiochemical yield (678±174; P<0.001), a
2.0-fold increased specific activity (26±10 MBq/nmol; P<0.001) and 1.4-fold more radioactivity for intravenous
tracer administration (499±89 MBq; P=0.037) was accomplished. From one DOTA-tate kit, two doses suitable
for patients (injected dose 2.2±0.8 MBq/kg; 17±6 nmol DOTA-tate, P=0.026; N=14) were obtained and safely
administered.

Conclusion: Significant improvements accompanied our kit-based 68Ga-DOTA-tate radiolabeling approach
with reduced radiation exposure to operating personnel.
References:
1) I. Lawal et al.,2017 Hell J Nucl Med. 20:128-133; 2) D. Rossouw and W.A.P. Breeman, 2012 Appl Radiat
Isot. 70:171-175
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In adults, Uveal melanoma (UM) is a common primary intraocular malignancy with high mortality rate due to
liver metastasis. Epidemiology and pathogenesis of liver metastasis in UM are not explored and no effective
therapy is currently available for UM. IGF-1 is a growth factor involved in cell proliferation, malignant
transformation and inhibition of apoptosis. Earlier, IGF-1 receptor was found to be highly expressed in UM,
which is related to tumor prognosis. FoxO3a is a Forkhead box O (FOXO) transcription factor and a downstream
target of IGF-1R/PI3K/Akt pathway involved in a number of pathophysiological processes including cancer.
However, the role of FoxO3a in UM is unknown. In this study, we investigated the involvement of FoxO3a in
migration and invasion of UM. Western blot analysis showed that IGF-1 led to activation of Akt and
concomitant phosphorylation of FoxO3a which is associated with its translocation into the cytoplasm from the
nucleus and its functional inhibition led to the inhibition of expression of Bim and p27, but an increase in the
expression of Cyclin D1. The effects of IGF-1 on UM cells were reversed by PI3K inhibitor LY294002 or Akt
siRNA, and overexpression of FoxO3a also attenuated basal invasion and migration of UM. Taken altogether,
these findings suggest that inhibition of FoxO3a by IGF-1 via PI3K/Akt pathway has an important role in IGF-1
induced proliferation and invasion of UM. These results also suggest that FoxO3a and IGF signaling may
represent a valid target for investigating the development of new strategies for treatment and prevention of
pathology of UM.
Keywords: - FoxO3a, Metastases, IGF-1, Uveal Melanoma
Funding: The project supported by National Natural Science Foundation of China (No. 31771128). MYRG201600052-FHS and MYRG2018-00134-FHS from the University of Macau, and the Science and Technology
Development Fund (FDCT) of Macao (FDCT 021/2015/A1 and 016/2016/A1).
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Objective: Technetium-99m labeled human serum albumin (99mTc-HSA) is an important radiopharmaceutical
commonly used in blood pool imaging and carrier for precision cancer therapy. We have developed practical,
reproducible and robust method of radiolabeling of human serum albumin with [99mTc (CO)3(H2O)3]+ core
under physiological conditions with an attention to achieve prolonged blood circulation of radiotracer. In this
work copper-free strain-promoted alkyne-azide cycloaddition (SPAAC) between azide and cyclotynes was
examined for the incorporation of [99mTc (CO)3(H2O)3]+ systems to HSA.
Materials and Methods: A potent chelate system, 2,2′-dipicolylamine (DPA) was functionalized at the central
amine with a terminal azide linker. The dibenzocyclooctyne functionalized human serum albumin (ADIBOHSA) was synthesized with different degree of functionalization.
In labeling approach, First, the azide functionalized DPA chelate complex with [99mTc (CO)3(H2O)3]+
followed by the SPAAC click reaction with ADIBO-HSA. A biodistribution and SPECT imaging were in a
normal mice, SPECT and compared it with commercial availaible 99mTc-HSA.
Results: Azide functionalized DPA was radiolabeled with [99mTc (CO)3(H2O)3]+ with > 99% labeling
efficiency. The incubation of [99mTc (CO)3 (DPA)]+ with ADIBO-HSA at 37 °C for 30-min produced 99mTc
conjugated HSA (99mTc-DPA-HSA) with overall 75-98% conjugation efficiency. Click method demonstrated
prolonged blood retention and low liver uptake in healthy mice compared with conventional 99mTc-HSA.
Conclusion: This labeling method could be used for in vivo pre-targeted imaging as well as efficient in vitro
radiolabeling of others DBCO containing proteins and peptides.
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Introduction: Diagnostic method using positron-emission tomography/computed tomography (PET/CT) and
68Ga-PSMA-HBED-CC radiopharmaceutical has high specificity rate to diagnose prostate cancer. Heating
duration is one of the factors that influence 68Ga-PSMA-HBED-CC radiolabelling quality. The aim of this study
is to figure whether the different heating duration affects 68Ga-PSMA-HBEDCC radiolabelling efficiency to
diagnose prostate cancer.
Method: This experimental study was done in Departement of Nuclear Medicine and Molecular Imaging, Dr.
Hasan Sadikin General Hospital, Bandung. This study used two sample groups with 5 minutes and 10 minutes
heating duration at the temperature of 80°C. Each group consisted of five vials. Radiolabelling efficiency was
measured by thin-layer chromatography method. Data were analyzed using Mann-Whitney test and processed by
IBM® SPSS® software version 25.
Result: The radiolabelling results showed the same median for the two sample groups’ radiolabelling efficiency,
that was 100.00%. P-value processed from the Mann-Whitney test was 0.368 with 95% confidence interval.
There was no significant difference between the two groups.
Conclusion: Five minutes and ten minutes heating duration have no significant difference on 68Ga-PSMAHBED-CC radiolabelling efficiency.
Keyword: 68Ga, 68Ga-PSMA-HBED-CC radiolabelling, heating duration
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The various types of nanomaterials which have properties enable their internalization into target cells using
passive or active targeting systems delivered by radioisotopes (such as Zr-89) to track their pharmacokinetics in
the body. Here, we report novel chelator-free radiolabeling using hierarchical iron oxide nanoparticles,
consisting of zirconium ions tightly bound inside each small iron oxide particles with intervals of glutamic acid
absorbed on their surfaces. We demonstrate the production mechanism for synthesizing iron oxide nanoparticles
incorporated with Zr-89, and the characterization revealed it had the oval shape, with a mean width of 180 nm.
The Zr-89 incorporated iron oxide nanoparticles was highly stable in various biological environments, and the in
vivo evaluation showed that it eventually reached the CT-26 tumor site after intravenous (i.v.) injection. Our
one-pot synthesis of Zr-89 incorporated iron oxide nanoparticles shows a simple and significantly stable
radiolabeling system without any metal chelators, which exploits the potential carrier to specifically target cancer
cells in positron emission tomography (PET) diagnosis and therapeutic effect given by the functionalities with
anticancer drugs and surface modification.
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Radioactive isotope labeled gold nanomaterials have potential biomedical imaging applications. Here, we report
the synthesis and characterization of PEGylated crushed gold shell-radioactive iodide-124 labeled gold core
nanoballs (PEG-124I-Au@AuCBs) for in vivo biomedical imaging application through combined positron
emission tomography and cerenkov luminescent imaging (PET/CLI). PEG-124I-Au@AuCBs showed high
stability and sensitivity in various pH solutions, serum, and in vivo conditions and were not toxic to tested cells.
Combined PET/CLI clearly revealed disease lesions at 1 to 24 h after injection of particles, consistent with the
biodistribution results. Taken together, the data provided strong evidence for the application of PEG-124IAu@AuCBs as promising imaging agents in nuclear medicine imaging of various biological systems,
particularly in diagnostics of various disease.
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Bladder cancer, which is one of the leading causes of death, worldwide, represents a considerable challenge for
an alternative diagnosis as well as therapy. Particularly, positron emission tomography (PET) imaging for
bladder cancer still meets a critical limitation because of urinary excretion of most radiopharmaceuticals.
Recently, we demonstrated that translocator proteins 18 kDa (TSPO) levels are elevated in prostate and bladder
cancer which provides an opportunity of extended application of the imaging and therapy. Herein, we
investigated the possibility of using two different TSPO-selective 18F-labeled and fluorescent ligands for
detecting of bladder cancer as PET imaging agent and photosensitizer, respectively.
We prepared two imidazo[1,2-a]pyridine class ligands, [18F]CB251 and FITC-CB333, for PET and fluorescence
imaging, respectively, according to our previous studies [1, 2]. The orthotopic bladder cancer mouse model was
prepared by transplanting mouse bladder cancer cell line, MBT2 and confirmed by ultrasound imaging.
[18F]CB251 PET was performed in both healthy mouse and the tumor model. This results was compared to that
of [18F]FDG PET. After then, fluorescence imaging of FITC-CB333 was carried out in the same mouse model
using IVIS-200. Histopathology and autoradiography were performed to verify the tumor region as well as the
TSPO-selective uptake in the dissected bladder.
The size of tumor was reached on 0.58 ± 0.49 mm, measured by in vivo ultrasound imaging at 2 weeks after
MBT2 cell injection. In PET imaging studies, the highest uptake ratio of [18F]CB251 between the expected
tumor region and the normal bladder displayed with 19 times at 20 min post-injection. In contrast, [18F]FDGPET could not visualize tumor in bladder region due to urinary excretion of [18F]FDG. Results of
autoradiography and histopathology indicated that the uptake of [18F]CB251 in bladder was selectively in tumor
region except normal tissue. The fluorescence image of FITC-CB333 also reflected the in vivo tumor uptake of
[18F]CB251 inside bladder in the same model. This result provides the possibility of photodynamic therapy
(PDT) for bladder cancer when FITC will be switched to photosensitizer.
Our data showed the potential of TSPO-selective imidazo[1,2-a]pyridine class ligand to serve as novel
theranostics for PET imaging as well as PDT in bladder cancer.
Reference:
1. Perrone M, Moon BS, Park HS, et al. A Novel PET Imaging Probe for the Detection and Monitoring of

Translocator Protein 18 kDa Expression in Pathological Disorders. Sci Rep. 2016;8;6:20422.
2. Denora N, Laquintana V, Trapani A, Suzuki H, Sawada M, Trapani G. New fluorescent probes targeting the
mitochondrial-located translocator protein 18 kDa (TSPO) as activated microglia imaging agents. Pharm Res.
2011;28(11):2820-32.
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Age-related macular degeneration (AMD) affects the retinal macula and results in loss of vision, and AMD is the
leading cause of central vision loss in the elderly with less effective treatment. Although the cause of the disease
is still unclear, increasing evidences indicate that excessive reactive oxygen species (ROS) impairing the
physiological functions of retinal pigment epithelium (RPE) cells may be one of the main causes. Therefore, it
could be a great strategy to find some drugs that can effectively protect RPE cells from oxidative damage which
is desired to treat and slow down the process of AMD. In our study, a well-known traditional Chinese medicine
berberine (BBR) was found to suppress hydrogen peroxide (H2O2)-induced oxidative injury in D407 cells, a
human RPE cell line. Pre-treatment of D407 cells with BBR significantly suppressed H2O2-induced cell
apoptosis by restoring abnormal changes in nuclear morphology, preventing the decline of mitochondrial
membrane potential, reducing lactate dehydrogenase release and inhibiting caspase 3/7 activities induced by
H2O2. Western blot analysis showed that BBR was able to stimulate the phosphorylation of AMPK in a timeand dose-dependent manner in D407 cells, while treatment of cells with AMPK inhibitor Compound C, or
knockdown of the AMPK by specific siRNA blocked the effect of BBR. These results demonstrated that BBR
was able to protect D407cells against oxidative stress via the activation of the AMPK. Our findings indicate the
potential application of BBR in AMD treatment.
This research was supported by National Natural Science Foundation of China (No. 31771128), MYRG201600052-FHS and MYRG2018-00134-FHS from University of Macau, and the Science and Technology
Development Fund (FDCT) of Macao (FDCT 021/2015/A1 and 016/2016/A1).

Chemistry and Pharmacy
PP-092 (AF0084)
Imaging of PD-L1 for Immunotherapy Monitoring
Sven Stadlbauer*, Martin Schaefer, Ulrike Bauder-Wuest and Klaus Kopka
Radiopharmaceutical Chemistry, German Cancer Research Center, Germany
s.stadlbauer@dkfz-heidelberg.de
Immunotherapy addressing the PD-L1 receptor with checkpoint inhibitors is a promising therapy strategy, e.g. in
non-small-cell-lung cancer (NSCLC) patients. However, only 30% of patients respond to checkpoint inhibitor
immunotherapy. Therefore, it is important to select those patients prior to therapy who are likely to respond.(1)
So far, biopsies are taken from tumors and metastatic lesions and the PD-L1 expression levels are detected
through staining with antibodies. However, due to the high heterogeneity of PD-L1 expression results may not
be reliable for a therapy decision. To overcome this issue and to reduce the burden of repeated biopsies in
patients, molecular imaging techniques such as PET and SPECT are advantageous, because they provide a whole
body scan and are able to fully address the issue of heterogeneous PD-L1 expression.
To date mainly PD-L1 targeting antibodies and other high-molecular weight compounds have been suggested as
imaging probes and studied in preclinical settings and more recently in clinical trials. However, these highmolecular weight compounds usually require long clearance times and therefore, are impractical for clinical
routine.(2) In contrast low-molecular weight compounds such as peptides exhibit short clearance times, produce
higher imaging contrasts within minutes to hours and are synthetically easily accessible. However, so far only
one cyclic peptide named WL-12 labeled with Cu-64 and Ga-68 was studied in a mouse model.(3)
We are addressing the issue of PD-L1 imaging by designing peptide and small-molecule-based tracers. In this
study a linear 25mer peptide(4) reported to exhibit high binding affinity for PD-L1, was modified with DOTA to
allow for radiolabeling with Ga-68. Additionally the cyclic peptide WL-12(3), was modified with a DOTA for
the same purpose. MDA-MB-231 cells as PD-L1 overexpressing cell line and HT29 cells as PD-L1 negative cell
line were used for in vitro studies. Both cell lines were induced with 20 ng/ml of interferon γ 24 h prior the
experiments to stimulate PD-L1 expression. Partition coefficient analysis shows that the cyclic Peptide is more
lipophilic than the linear peptide. Binding affinitiy studies revealed specific binding for both peptides to MDAMB-231 cells whereby uptake in HT29 cells was low. The cyclic peptide exhibits a significantly higher binding
affinity compared to the linear peptide. Internalization experiments corroborated these results. WL-12-DOTA
exhibits a much higher internalization rate at both 37 °C and 4 °C compared to the linear peptide. Blocking
experiments further confirmed the specificity of the cyclic peptide. For decreasing the lipophilicity and thus
improving the pharmacokinetic profile further modifications in the core structure have been done as well as
introducing a hydrophilic linker between the peptide and DOTA. These new peptide-based radiotracers are
currently evaluated in cells and animal models.
(1) M. A. Postow et al., J. Clin. Oncol. 2015, 33, 1974-1982.

(2) S. Chatterjee et al., Mol. Imaging, 2017, 16, 1-5.
(3) a) S. Chatterjee et al. Biochem. Biophys. Res. Commun. 2017, 483, 258-263; b) R. A. De Silva et al. Mol.
Pharm. 2018, 15, 3946-3952.
(4) C. Caldwell Jr et al. Sci Rep. 2017, 7, 13682.
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Objectives: The membrane-bound prostate-specific-membrane-antigene (PSMA) shows a very low expression
in healthy prostate. In prostate cancer cells, it is overexpressed and correlates with the severity of the disease. In
40 % of prostate cancer, related bone metastases with an expression of PSMA can also be found (1). Commonly
used PSMA target vectors are based on a glutamate-urea scaffold and show high affinities (2).
The use of squaric acid for coupling the target vectors with the AAZTA5 chelator is a fast, selective and mild
method for the conjugation of chelator and target vector. The aromatic sqaric acid can also interact with the
aromatic binding side of PSMA, increasing the affinity. No side reactions are observed and no protecting group
is necessary.
Methods: AAZTA5.SA.KuE was synthesized in an eleven-step synthesis, including the coupling of KuE
(Lysine-urea-glutamate) with squaric acid as coupling reagent. Using different amounts of the compound, the
radiolabeling with gallium-68, scandium 44, copper-64 and lutetium-177 were optimized. Furthermore, the in
vitro-stability of the complexes with scandium 44, copper-64 and lutetium-177 in phosphate-buffered saline and
human serum were examined.
Results: The synthesis of the chelator was performed in eight steps. Afterwards, KuE (Lysine-urea-glutamate)
was conjugated using squaric acid. AAZTA5.SA.KuE was labeled with gallium-68 (20 nmol), lutetium 177 (10,
15 and 20 nmol) and copper-68 (10 nmol) for one minute, resulting in a radiochemical yield (RCY) of 95-99 %
at room temperature. After 30 minutes a RCY of 89.9 ± 0.3 % was yielded for the labeling with Scandium-44
(10, 15 and 20 nmol).
The radiometal-ligand-complexes were stable in phosphate-buffered saline. After one day, 25 % of the lutetium177 labeled complex were stable. 50 % of the copper-64 complex and 80 % of the scandium-44 complex were
stable after 12 hours and 24 hours, respectively.
Conclusion: A mild, selective and fast coupling method using squaric acid without any side reactions and
without the need of any protecting groups was carried out to couple the AAZTA5 and the KuE target vector at
mild conditions.
The novel PSMA-tracer AAZTA5.SA.KuE showed good results in terms of labelin for the radiometals Gallium
68, Lutetium-177, Scandium-44 and Copper-64 at room temperature.
The novel tracer is a potential new tracer for THERANOSTIC approaches in prostate cancer.

References:
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progression. Hum. Pathol. 2007, 38 (5), 696-701.
2. Haberkorn, U.; Eder, M.; Kopka, K.; Babich, J. W.; Eisenhut, M. New Strategies in Prostate Cancer: ProstateSpecific Membrane Antigen (PSMA) Ligands for Diagnosis and Therapy. Curr. Med. Chem. 2012, 19 (6), 856870.
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Background: Hepatocellular carcinoma (HCC) is amid the most lethal cancers, which formulates the third most
common cancer allied death in men and sixth in women. Solid lipid nano-particles (SLNs) are well known
nanostructured with particle size (between the 1 and 1000 nm). SLN having the drug loading capacity for both
hydrophilic/lipophilic drugs, improved stability, controlled drug release and increased biopharmaceutical
performance. The present work deciphers the solid lipid nanoparticles of umbelliferone (UF) with intention to
improve the hepatic condition associated with hepatic carcinoma (HCC) induced by diethylnitrosamine (DEN) in
Wistar rats.
Methods: The molecular docking study of UF was performed on the cancer signaling pathway viz., Bcl-2,
Pl3Kc, NF-Kb, AKT1/PKBa and Stat3 via using the (un) binding simulation analysis. Double emulsion solvent
displacement method was used for the preparation of UF-SLN. DEN (200 mg/kg) intraperitoneal injection was
used for induction the HCC. Hepatic, non-hepatic enzymes, oxidative stress, pro-inflammatory cytokines and
inflammatory parameters were estimated along with histopathological examination in HCC rats.
Results: UF-SLN has a particle size 198.3 nm and PDI 0.19 which suggest the uniformity of nano-particles and
the total amount of drug release 86% after the 48 h. Docking studies suggest that UF able to interact to various
cancer signaling proteins which play significant role in the pathogenesis of cancer and thereby ceases the
progression of disease. UF-SLN showed the alteration in the level of hepatic parameters such as SGOT (45%),
SGPT (54%), ALP (42%), non-hepatic such as creatinine (65%), BUN (48%), direct bilirubin (34%), total
bilirubin (65%) and antioxidant parameters viz., CAT (47%), SOD (54%), GPx (43%), Glc 6-PD (38%),
respectively. Pro-inflammatory cytokines including TNF-α (45%), IL-6 (48%), IL-1β (54%) and inflammatory
mediators such as COX-2 (42%), PGE2 (55%) and NF-kB (56%). Histopathological observation also supported
the above result.
Conclusion: UF-SLN showed the chemoprotective effect against the DEN-induced HCC rats via modulation of
hepatic and nonhepatic parameters involved in multiple mechanism.
Keywords: Umbelliferone, Solid Lipid Nanoparticles, Hepatoprotective, Antioxidant, Nanoformulation,
AKT1/PKBa, NF-kB.
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Photodynamic therapy (PDT) is conducted by a photosensitizer (PS) and a light which can excite the
photosensitizer to remove the target tumor tissues locally through reactive oxygen species (ROS) production. γ
ray induced luminescence by radioluminescent nanoparticle could be used for PDT to overcome the limitation of
PDT, based on the high tissue penetration ability of γ ray. Herein, we developed radiolabeled europium loaded
liposome (Eu-Lipo) for in vivo imaging and γ ray induced PDT. Eu-Lipo was synthesized by a self-assembly
method using phosphatidylcholine (PC) derivatives. The Eu3+ ion was chelated to diethylenetriaminepentaacetic
acid (DTPA) (Eu-DTPA). Rose Bengal (RB), victoria blue-BO (VBBO), and chlorin e6 (Ce6) was chosen for
PSs. Eu-DTPA and PSs were embedded into the hydrophilic core part of the structure during the self-assembly
method. Eu-Lipo was further modified by using NOTA and PEG5k for radiolabeling and long circulation in
vivo. The radioluminescence effect of Eu-Lipo was tested by mixing with 99mTc. ROS generation test was
demonstrated with different kinds of PSs loaded Eu-Lipos with 99mTc. Eu-Lipo was labeled with 64Cu (64CuEu-Lipo). 64Cu-Eu-Lipo was injected intravenously to mouse tumor models and the PET images were acquired
at 0, 1, 4, 24, 48 hours after the injection. The size of self-assembled Eu-Lipo was about 80 nm. We found that
the Eu-Lipo emitted radioluminescence at red visible light in the presence of 99mTc. The radioluminescence was
increased according to the different Eu-Lipo concentrations (0.1, 0.05, and 0.02 mg of Eu) and radioactivity of
99mTc (1, and 0.5 mCi). Eu-Lipo had a high stability for 7 days in the physiological condition. Eu-Lipo showed
an ability for ROS production with 99mTc. Among Eu-Lipo with different PSs, VBBO loaded Eu-Lipo
(Eu/VBBO lipo) had the highest ROS production which was about 8-fold higher than Eu Lipo. In vivo PET
imaging demonstrated that Eu-Lipo and Eu/VBBO lipo showed a blood pool circulation at least for 4 hours and a
sufficient tumor uptake after 24 hours (~ 20%ID/g). Liposome based Eu nanoparticle was demonstrated abilities
for producing radioluminescence at red visible spectrum region and ROS production under γ ray irradiation.
Furthermore, the Eu-lipo was stable in the physiological media and showed favorable biodistribution. Based
upon these abilities, Eu-Lipo could be successfully utilized for γ ray induced PDT.
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Oxidative stress-induced cell damage is considered to be an important factor in aging and neurodegenerative
diseases such as Alzheimer's disease (AD). Metformin, a clinically most commonly used anti-type 2 diabetes
drug, has recently been shown to extend the lifespan of various species and is therefore the preferred anti-aging
drug in clinical trials. However, the antioxidant effects of metformin and its underlying mechanisms in neuronal
cells are unclear. Excessive reactive oxygen species (ROS) can cause oxidative stress, and excess H2O2 is one of
the main sources of reactive oxygen species. In the present study, we found that metformin protects neuronal
PC12 cells from H2O2-induced cell death at clinically relevant concentrations. H2O2 causes abnormal changes
in intracellular ROS, lactate dehydrogenase and mitochondrial membrane potential in PC12 cells, while
metformin treatment significantly improved those changes caused by H2O2 injury. Hoechst staining analysis and
flow cytometry analysis showed that metformin significantly reduced apoptosis of PC12 cells exposed to H2O2.
Western blot analysis further demonstrated that metformin stimulated the phosphorylation and activation of
AMPK in PC12 cells, and the protective effect of metformin was blocked by knockdown AMPK using inhibitor
compound C and knock down plasmid. Similar results were obtained in primary cultured hippocampal neurons.
Taken together, these results indicate that metformin is capable of at least partially protecting neuronal cells from
oxidative damage by activation of AMPK. Because metformin is relatively inexpensive and has fewer clinical
side effects, our findings support its potential as a drug for the prevention and treatment of aging and agingrelated diseases.
Keywords: Aging; Metformin; PC12 cells; Hydrogen peroxide; AMP-activated protein kinase
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Aquaporin-4 (AQP4), the main water-selective membrane transport protein in the brain, is localized to the
astrocyte plasma membrane. Following establishment of a 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP)-induced Parkinson’s disease (PD) model, AQP4-deficient (AQP4-/-) mice displayed significantly
stronger microglial inflammatory responses and remarkably greater losses of tyrosine hydroxylase (TH+)positive neurons than did wild-type AQP4 (AQP4+/+) controls. Microglia are the most important immune cells
that mediate immune inflammation in PD. However, currently, few studies have reported why AQP4 deficiency
results in more severe hypermicrogliosis and neuronal damage after MPTP treatment. In this study, TGF-β1, a
key suppressive cytokine in PD onset and development, failed to increase in the midbrain and peripheral blood
of AQP4-/- mice after MPTP treatment. Furthermore, the lower level of TGF-β1 in AQP4-/- mice partially
resulted from impairment of its generation by astrocytes; reduced TGF-β1 may partially contribute to the
uncontrolled microglial inflammatory responses and subsequent severe loss of TH+ neurons in AQP4-/- mice
after MPTP treatment. Our study provides not only a better understanding of both etiologic and pathogenic
factors implicated in the neurodegenerative mechanism of PD but also a possible approach to developing new
treatments for PD via intervention in AQP4-mediated immune regulation.
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Aim: Prostate-specific membrane antigen (PSMA) is significantly over-expressed in prostate cancer cells. The
aim of our study was to determine the inter-cycle dosimetry variation in patients with metastatic castrationresistant prostate cancer (mCRPC) undergoing at least 2 cycles of Lu-177 PSMA radioligand therapy (PRLT), in
correlation with the change in serum PSA after PRLT.
Material and Methods: Dosimetry was performed during each PRLT cycle in 10 patients with mCRPC. PSMA
expression was verified before therapy using Ga-68 PSMA PET/CT. The patients received at least 2 cycles of
PRLT using 3.4-7.5GBq Lu-177 PSMA. The time-dependent biodistribution was determined based on wholebody scintigraphies and SPECT/CT. Dosimetric calculations (MIRD-scheme) were performed using
OLINDA/EXM software. For intra-patient comparison, the following dosimetric parameters were determined for
kidneys and metastases: uptake at 20h p.i. and mean absorbed dose. Variations between first and the following
therapy cycles were also analyzed as mean with respect to the first therapy cycle (=100%). Serum PSA was
determined before and every 4 weeks after the first PRLT cycle.
Results: The dosimetric analysis was performed for kidneys, in one primary tumor and 19 metastases. In 9
patients, all dosimetric parameters pertaining to metastases demonstrated variations between the first and second
therapy cycles: the mean uptake declined by 57% and the average dose by 64%. In contrast, the mean renal
uptake increased by 62% and the average renal dose was therefore higher in the following cycles (34%), except
for a lower renal dose at the second cycle in 1 patient (-17%). One of the patients showed inverse results, an
increase in the tumor uptake (+84%) and dose (+154%) and a decrease in the renal uptake (-9%). However, the
renal dose exhibited a mild increment (+19%). Patients with a fall in the absorbed tumor dose also demonstrated
a biochemical response (decrease of serum PSA by 41%). The patient exhibiting an increasing PSA after the first
cycle revealed a higher absorbed tumor dose during the second PRLT cycle.
Conclusions: There is a significant inter-cycle variation of the absorbed tumor and kidney doses, which
correlates with the change in PSA after PRLT. A decrease in serum PSA, indicating a therapy response, is
therefore associated with a decrease in the absorbed tumor dose during subsequent PRLT cycle and vice versa.
Whereas a decrease in tumor burden results in an increase in the absorbed renal dose due to an inverse sink
effect. Administration of a higher amount of radioactivity in the first cycle seems to be reasonable, since the
tumor doses tend to decrease in the subsequent cycles due to therapy response.
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Copper-67 (67Cu) is a promising therapeutic agent with theranostic capabilities based on pairing with the
diagnostic agent 64Cu. The aim of this work was to establish the feasibility and accuracy of 67Cu quantitative
SPECT prior to patients enrolling in a Phase I study of Cu-67 SARTATE in meningioma.
Experimental work was performed on the Siemens Intevo SPECT/CT using medium energy collimators and
imaging the 185 keV photon peak with a 20% energy window width. The system scatter function and scatter
fraction were modelled as well as system sensitivity and dead time. Narrow-beam attenuation correction maps
were derived using interpolation of NIST values modelled on a bi-linear relationship between HU and material
density. Quantitative validation was performed over a period of 7 days with decaying phantom activity (1.6 - 0.4
GBq) using the IEC NEMA body phantom with a sphere-to background ratio of 8:1.
Based on nine separate acquisitions acquired over a 7 day period, the average difference between true and
measured total activity in the phantom and measured background concentration was -2.1% and -1.7%,
respectively. The 37mm diameter sphere suffered from 20% count losses due to partial volume effects when
using a threshold grown VOI to derive average hot-sphere concentration suggesting the need for resolution
recovery. Conclusion: Quantitative SPECT and dosimetry of 67Cu acquisition data is feasible and returns
accurate measures in large warm areas. Small hot lesions can expect to under-estimate dose due to partial
volume effects.
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Attenuation correction is an essential procedure in the generation of PET images with quantitative accurate
regional activity information. However, attenuation maps used in current whole-body PET/MRI studies have
limited accuracy compared to PET/CT systems. Various techniques have been proposed to generate accurate
attenuation maps in PET/MRI including Dixon sequence based 4-segment approach (water, fat, lung, and air)
and maximum likelihood reconstruction of activity and attenuation (MLAA) algorithm, one of simultaneous
reconstruction algorithms. However, these methods suffer from lack of bone information in Dixon sequence and
high noise level in MLAA attenuation, causing considerable quantification errors.
We use MLAA activity and attenuation maps and 4-segment map corresponding to Dixon MRI-based
attenuation map as inputs to a convolutional neural network (CNN) to generate CT-derived attenuation map for
more accurate whole-body PET/MRI attenuation correction than currently available Dixon-only 4-segment
method. Whole-body 18F-FDG PET/CT scan data of 100 cancer patients are acquired and divided into 60, 20,
20 for training set, validation set, test set, respectively.
The CNN generates less noisy attenuation maps than MLAA and achieves better bone identification than Dixon
MRI. The average Dice similarity coefficient for bone region between μ-CNN and μ-CT was 0.81 that was
significantly higher than that between μ-MLAA and μ-CT (0.36). Also the CNN results shows the best pixel-bypixel correlation with the CT-based ones. Moreover, CNN remarkably reduced the lowest average error in
activity maps from the CT-based attenuation correction yielding only 2.05% while MLAA resulted in 12.82%.
The proposed deep neural network that successfully integrated the information obtained from the simultaneous
activity and attenuation reconstruction and 4-segment map based on Dixon MRI to produce a more reliable
attenuation map for 511 keV photon than conventional 4-segment method based on Dixon MRI.
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In this study, we propose the novel concept of a hand-held intraoperative x-ray imaging device that can resolve
the issues of radiation exposure and spatial constraint during the minimally invasive cancer surgery.
For system development, we used a 15-mm-diameter carbon nanotube (CNT) based x-ray source which supports
a maximum tube voltage of 60 kVp and a maximum beam current of 3 mA. In particular, we have chosen the
off-the-shelf intraoral dental sensor to take the approval and safety issues into account. To demonstrate its
feasibility, we performed an in-vivo intraoperative imaging study using a 45 kg dog under the guidance of
thoracic surgeons; and subsequently, an additional ex-vivo imaging study was performed after resecting the lung
specimens to confirm the existence of the lung nodule. In the animal study, we utilized the agar-based lung
nodule model to simulate the density of pulmonary nodule of the lung cancer patients. To show how much
radiation exposure can be reduced by using our device, we have measured a single-shot radiation dose of the
proposed device by shooting and averaging the 10 consecutive x-rays under the fixed parameters: tube voltage of
40 kV, tube current of 2 mA, and the exposure time of only 20 msec.
As a result, we could successfully acquire the high-resolution x-ray images of the lung nodule, showing a
remarkable contrast relative to the normal lung tissue. Moreover, we have shown that our developed device can
considerably reduce the radiation exposure (i.e., 50~130 nGy) as compared with the C-arm fluoroscopy method
(i.e., 5~70 mGy) while providing the real-time visualization of the lung nodules.
We expect that our development has a potential to replace the C-arm based real-time lesion detecting method
during the minimally invasive surgery, thereby achieving the radiation dose reduction to both surgeons and
patients as well as resolving the problems of the operation room being cluttered by the bulky equipment. We are
planning to perform a label-free x-ray imaging study of the pulmonary nodules resected from the cancer patients
as a future work to further demonstrate the usefulness of our proposed device.
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Purpose: A data acquisition (DAQ) system that collects data from the individual detector channels can achieve
the best time-of-flight (TOF) performance. However, it is challenging to use the conventional DAQ system to
individually readout detector signals, because it consists of vast amounts of front-end electronics, analog-todigital converters (ADCs), comparators, and a field-programmable gate array (FPGA). Therefore, we have
developed an all-in-one DAQ system consisting of a single FPGA that individually digitizes the detector signals,
processes the data, and communicates with the computer.
Methods: We implemented a highly integrated FPGA-only DAQ system consisting of 82 energy and 82 timing
channels in a 28-nm FPGA (Kintex-7, Xilinx). The digital FPGA input/output (I/O) ports were configured with
single-ended memory interface (SeMI) input receivers where the logic state of the receiver is determined by
comparing voltage difference between the receiver and the common reference voltage. The energy channel
consisting of a SeMI input receiver and a following binary counter with a resolution of 625 ps obtained timeover-threshold (ToT) values. The timing channel consisting of a SeMI input receiver and a following time-todigital converter (TDC) with a resolution of 10 ps. We collected data by directly digitizing the TOF PET detector
signals where each detector consisted of a 3×3×20 mm3 LYSO crystal and a silicon photomultiplier (MicroFJSMA-30035, SensL).
Results: Every SeMI input receiver functioned as a voltage comparator with fast transition and without any
undesirable offset voltage. The energy resolutions were 7.7% and 7.1% for two TOF PET detectors. The
coincidence resolving time was 204 ps FWHM. The energy resolutions and coincidence resolving time obtained
using the developed FPGA-only digitizer were comparable with those obtained using a 5-GSPS waveform
digitizer.
Conclusion: We proposed the FPGA-only digitizer using the SeMI input receiver that enables one to use almost
every I/O port as a comparator. The SeMI digitizer demonstrates the great prospects that the FPGA itself can be
used as an integrated signal digitizer suitable for individual signal readout of TOF PET scanners.
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Introduction: Radioactive iodine (RAI) has been in use for both diagnostic and therapeutic procedures in
Bangladesh since the early 1980s. It is favoured by both clinicians and patients for effective treatment of benign
thyroid disorders such a hyperthyroidism. The popular method in Bangladesh is to deliver a fixed dose of RAI
for safe elimination of hyperthyroidism and low failure rates. Subsequent hypothyroidism that ensues is
anticipated and easily substituted with replacement hormones. However, the justification of replacing one
disease state with another disease state is a matter of debate since the patient concerned is put on a crutch for rest
of her/his life with thryroid hormone replacement therapy. Moreover patient compliance may fail due to
unavailability of the thryroid hormones for various reasons. In this context individual calculation of radiation
dose to achieve an euthyroid state rather than a hypothyroid state appears pertinent. Patient specific dosimetry
planning is an option that can be easily implemented for optimum dose calculation in hyperthyroidism.
Objective: To highlight an underused patient specific dosimetry for precise dose calculation in treatment of
hyperthyroidism.
Method: A Ba-133 phantom was used considering that the energy of both Ba-133 and I-131 are close. The
measurement of I131 source activity in the thyroid gland was done by using Siemens ECAM SPECT system. An
image based dosimetry was obtained by measuring the activity of Ba-133 phantom and the I-131 activity from
SPECT studies. The reference values were compared with the dose calibrator values. The calibration factor was
then used to convert the SPECT image count of the sources into activities.
Results: The results obtained showed good correlation of Ba-133 Phantom with source activity in SPECT image
with the values varying within ±15%
Conclusion: A simple but accurate image based dosimetry that is patient specific can be individually calculated
from a SPECT image. This can potentially optimize the therapeutic radiation dose for maximum benefit with
minimum after effects.
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Introduction: Current state-of-the-art dose planning systems in Peptide Receptor Radionuclide Therapy (PRRT)
require delineation of organs at risk to provide an accurate voxel-based dose plan. Today, segmentations are
either done manually or in a semi-automated manner which is time-consuming, error prone, operator-dependent
and require significant expertise. In this work, we propose a fully automated organ segmentation method for a
cost effective, less labour intensive and less user dependent dose planning procedure that can be used in daily
practice. For this purpose, we have adapted a performant deep learning approach using CT-images to calculate
organ boundaries with acceptable accuracy and processing time.
The main goals of this work are: a) extension and/or optimization of the architecture of an existing
Convolutional Neural Network (CNN) for a fast and accurate CT-based organ segmentation
b) to train the CNN with an inhomogeneous set of CT scans and validate the CNNs usability for daily PRRT
practice.
Methods: The segmentation method was implemented in both 2D- and 3x2D-mode. In 3x2D mode, for
improved robustness, segmentation was additionally performed in coronal and sagittal directions prior to a
volumetric consensus.
The CNN used was based on collaboration of 5+ Artificial Neural Networks (ANNs) executed in two stages.
First, a Region of Interest (ROI) covering the seeked organ is calculated. Secondly, the proposed ROI is fine
tuned and the desired object is delineated. The proposed CNN was trained and evaluated using a database of 170
3D CT scans covering abdomen with the corresponding livers segmented. While 130 of the datasets were
obtained from MICCAI Liver Tumor Segmentation Challenge (LiTS), 40 were acquired from other clinics. The
CT data sets were hence acquired with different scanners and acquisition protocols. Overall, the matrix size was
512 x 512 with the slice spacing ranging from 0.4 to 6.0 mm and the in-plane resolution from 0.55-1.0 mm. 120
of the CT scans were selected randomly for training, 10 sets for validation and 40 sets for final testing.
Results: The global Dice-Coefficient accuracy obtained for the segmented livers, considered as the most
challenging organ to delineate, was 93.4% for 2D and 94.5% for 3x2D. The CPU time required to segment each
of the 2D slices on an 1.7 GHz Intel Core i7 was on average 2.1 seconds. The time to segment an entire liver
volume consisting of ca 100 slices, using a standard gaming GPU (approx. price €600), was less than 1 secs. For
the 3x2D segmentation, the GPU time required was less than 4 seconds.
Conclusion: Based on our preliminary evaluation, we conclude that the proposed method provides sufficient

accuracy with short enough computational time to accelerate voxel-based dosimetry. Our fully automated, yet
robust method can also facilitate the broader acceptance of 2.5D and 3D dosimetry in the routine practice.
Finally, the generalizability of our segmentation algorithm, using transfer learning, will allow us to extend its
usage to delineation of other organs such as kidneys, spleen, heart and bladder with moderate efforts.
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Due to the proper features of 177Lu, its use in nuclear medicine has expanded. Due to excellent biocompatibility
and biodegradability of Chitosan and many application of SPION, the aim of study was evaluate potential of
Chitosan-Coated SPION labeled with 177Lu as new Theranostic and Dual-modality probes in Nuclear Medicine.
In this Experimental study chitosan particles were coated on SPION and were used DLS and SEM for size
distribution and morphology of particle. Labeling efficiency and stability of Chitosan-SPION with 177Lu were
cheeked. Finally Biodistribution study, MRI and nuclear medicine imaging were performed. Results showed that
the final complex have spherical and have suitable labeling efficiency and stability of complex with 177Lu.
Biodistribution study, MRI and nuclear medicine imaging showed high accumulation of Complex in the liver.
The results showed that the 177lu-Chitosan-SPION may be considered as a suitable Theranostic and Dualmodality Probe in Nuclear medicine.
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Objectives: Increasing scan time or the number of angular samples is closely related to the image quality
improvement for single positron emission computed tomography (SPECT) acquiring images through the
periodic rotation of the device. In other words, if the image quality is retained through reducing angular samples
of projection data, we can reduce SPECT scan time. In this study, we have examined deep neural networks that
restore fully-sampled sinogram despite half or quarter angular sampling.
Methods: We used 119 lung scans from GE Tandem Discovery 670 scanner to train the neural network. Each
sinogram was under-sampled for 1/2 or 1/4 times to generate reduced angular sampling model. We constructed
U-net-like convolutional neural network consisting of dense blocks and shortcut connections and producing
fully-sampled sinogram from the sparsely-sampled sinogram. We fed the 3D patches extracted from the axially
accumulated sinograms to the neural network and used Wasserstein generative adversarial networks with
gradient penalty (WGAN-GP) to consider the noise characteristics of the sinogram. For the evaluation of trained
network, we used 24 scans that are independent from training set. The recovered sinograms were reconstructed
using OSEM algorithm with 10 subsets and 2 iterations followed by Butterworth filtering with cut-off frequency
and power of 0.48 and 10. We compared our results with the reconstructed images from original sparsely
sampled and linearly interpolated sinograms.
Results: The proposed networks successfully generated real-like sinogram. When the projection data was
sampled by half, reconstruction results of neural network and linear interpolation showed similar performances
in terms of mean squared error. However, our network showed best performance (0.00219) for the 1/4 angular
projections compared to sparse sample (0.00880) and linear interpolation (0.00306).
Conclusion: The GAN, which samples the desired output by considering the probability spaces of the input, was
able to fill the missing region of sparse angular sampling. Thus, the proposed method has great potential to
reduce the overall scan time of SPECT studies.
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Purpose: Inter-detector scatter (IDS) occurs by Compton scatter of one 511-keV annihilation photon from a
detector block to another in PET. These are practically rejected because they do not specify the true line-ofresponses (LORs). By adding accurately recovered IDS to double coincidences, we can improve the sensitivity
of PET. In this study, we investigated the effect of IDS recovery on sensitivity and image quality of our newly
developing brain PET scanner with Monte Carlo simulation.
Method: A GATE-simulated brain PET scanner had an axial field-of-view (FOV) of 10 cm and an inner
diameter of 33 cm. To measure sensitivity, a rod source was placed at the center and 6 cm off-center. To measure
image quality, we designed a simple brain-sized phantom based on NEMA IEC body phantom. We determined
whether the triple coincidences are IDS events by applying certain criteria, and we applied proportional method
which distributes the number of IDS events proportionally to the number of recorded double coincidences in
LORs. After reconstruction, we measured contrast recovery coefficient (CRC) and background variability (BV)
of the images.
Results: Without IDS recovery, sensitivity of our brain PET system was 7.38 kcps/MBq and 6.93 kcps/MBq
when the rod source was place on the center and 6 cm off-center, respectively. With IDS recovery, applying
wider energy window yielded higher sensitivity. The maximum sensitivity with IDS events was 8.55 kcps/MBq,
which was 16% higher than the sensitivity without IDS events. Wider energy window resulted in higher increase
in sensitivity because less IDS events were rejected. Increasing the number of axial rings, sensitivity increase
due to IDS recovery was higher. IDS took a large proportion of coincidence events in PET with longer axial
FOV because IDS events with Compton scatter along axial direction are more highly detected. More IDS events
were detected when the source was placed off-center than the center. Overall intensity of reconstructed images
increased when IDS recovery was implemented. Especially, hot spheres were more clearly shown, which implies
the improvement of lesion detectability. IDS recovery improved BV because increased counts of the LORs
reduced statistical error. CRC was almost preserved or slightly improved especially in 20 mm cold sphere.
Impact of IDS recovery on image quality is expected to be bigger in PET scanner geometry where the detector
blocks are tightly packed or coincidence readout is available in smaller units, so as to detect more IDS events.
There were insignificant differences in CRC and BV applying different energy windows because difference in
sensitivity increase was less than 2%.
Conclusion: We investigated the effect of IDS recovery on sensitivity increase and image quality of our brain
PET system. Compared to using only double coincidences, sensitivity increased up to 16% by adding recovered

IDS events for reconstruction. As a result, IDS recovery improved CRC and BV of images. In PET systems
where IDS event significantly occurs, IDS recovery would be an effective way to improve sensitivity and image
quality.
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The purpose of this study was to determine the possible validation of I-131 imaging based dosimetry protocol
derived from multiple planar whole body scans (WBS) and quantitative SPECT images after radio-iodine
ablation therapy (RAIT) of differentiated thyroid cancer (DTC) patients who were attending the department of
Nuclear Medicine, Chonnam National University Hwasun Hospital (CNUHH). The study has three major
distinctive features - i) development and application of I-131 imaging based dosimetry protocol ii) fusion of
planar WBS and I-131 SPECT/CT images acquired at different time points and, iii) application of the dedicated
dosimetry toolkit Xeleris 4.0 and the OLINDA/EXM dosimetry software.
Methods: An institutional ethical approval was obtained from the local ethics committee (CNUHH-2016-069).
A total of 47 thyroidectomized DTC patients (32 females, 15 males) undergoing the first radioactive iodine
(RAI, I-131) therapy stimulated with recombinant human thyrotropin (rhTSH) were included. Imaging protocol
was set as three sequential whole body scans (WBSs) on second and seventh post ablation days (two scans on
2nd and one scan on 7th day) along with SPECT/CT image up to thorax. Xeleris 4.0 calculated radiation doses to
remnant thyroid tissue or neck nodes as the regions of interest from systemically administered I-131 and
performed regression analysis on obtained biokinetic data (residence time) and OLINDA/EXM provided
estimated absorbed dose in mSv/MBq for each patient individually.
Results: Presence of I-131 avid regions in neck identified remnant thyroid tissues and images of WBS and
SPECT/CT localized even minimal remnants in the neck as well as metastatic lymph nodes. Xeleris derived
residence time (mean ± SD) of remnant thyroid tissue was 0.02343127 ± .03032 and OLINDA/EXM derived
estimated absorbed dose (mean ± SD) was 3.61 ± 2.41. TAD or total absorbed dose (therapeutic dose of I-131 X
estimated absorbed dose) ranged from 36.0 to 792 mSv (203.95 ±198.64). Univariate analysis of TAD (p =
<0.001) between the patients treated with 35mCi I-131 (114.4 ± 82.5), 50mCi (202.1 ±117.4) and 100 mCi
(421.3 ± 262.4) showed statistically significant differences. There were 8 (17%) focal uptakes were found in
lateral necks of the study subjects suggesting lymph node metastases and dosimetry was done successfully.
Conclusion: This dosimetry protocol of CNUHH involves two extra scans and no additional radioiodine dosing
(less radiation exposure). Two extra scans are carried out on the same day while the patient is in hospital and the
other WBS is done as an outpatient. Dosimetry calculations take a maximum of 20-30 minutes per patient using
the Xeleris 4.0 and OLINDA/EXM software.

Others
PP-109 (AF0063)
Development of a New Method for the Microbiological Analysis of Iodine 131
Abdelmjid Aiboud*, Abdellah Ettabia, Younes Ghamad, Zine El Abidin Ayaz, Mouhsine Aitsaid, Kaddour
Benhamou, Aziz Fllaoui and Naoual Bentaleb
Department of Production of Radiopharmaceuticals, National Energy Center of Nuclear Science and
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OBJECTIVE: The main aim of this study is to develop a new microbiological control method for the solution
of iodine 131 in a closed system for radiopharmacy services not equipped with a class A Hot Cell dedicated to
microbiological analysis according to GMP requirements.
METHODS: The method is based on the preparation of perforated petri dishes containing three culture media.
The perforation of the Petri dishes was realized under a class A laminar flow hood using a heated metal
cylindrical rod. A sterile magnetic stir bar was then placed in each Petri dish before closing the hole and sealing
Petri dishes with autoclaving adhesive.
First, the method was tested inside a class C room then inside an unclassified area by perforating the adhesive
with a sterile syringe and injecting a volume of sterile water before the perforation was closed by a second sterile
adhesive. Seeding was performed by moving each Petri dish on a magnet. Then the Petri dishes were incubated
inside the Hot Cell at room temperature for Yeast and Mold at 32.5 °C and for Total Aerobic Microbial and
Total Coliform. A positive control (bacterial suspension) and a negative control (sterile water) were performed
for each culture medium. Finally, the method was tested inside a class C Hot Cell for three production batches of
sterile iodine-131.
RESULTS: After 5 days incubation at 32,5°C and 7 days at room temperature, The Petri dishes was sterile for
both tests performed in class C room and for the unclassified room. The same result was obtained with the
solution of iodine131 in the three production batches.
CONCLUSION: This new method has shown good efficiency to keep the sterility of culture medium during the
microbiological analysis independently of the environmental class. It could be adopted by radiopharmacy
services for the control of the solution of iodine131 and other radiopharmaceuticals. This method would make it
possible to carry out the microbiological analysis of radiopharmaceuticals quickly without waiting for the decay.
Moreover, it allows to minimize the risk of exposure of the laboratory technicians by iodine inhalation.
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Background: Radioiodine has been used for adjuvant therapy of thyroid cancer. Natrium iodide symporter
(NIS) has a pivotal role of iodine transport in thyroid cell. The purpose of this study is to analyze the expression
and distribution patterns of NIS expression in thyroid tumor patients from around Padang City which can use as
predictor of radioiodine response
Materials and methods: Samples were 27 thyroid tissues. Samples were analyzed for Natrium Iodide
Symporter (NIS) expression by immunohistochemistry (IHC) and western blot (WB). Sodium iodide symporter
antibody (FP5A) was used as a primary antibody for IHC staining and WB, and ATPase alpha antibody (M7-PBE9, Thermo Scientific) as plasma membrane protein markers. Assessment of membrane staining refers to Her-2 /
neu assessment, and cytoplasmic staining, adapted from the Allred technique.
Results: Twenty-nine samples are analyzed, and histopathology results are adenomatous goiter 6/29 (21%),
adenomatous and papiler carcinoma 4/29 (14%), adenomatous and follicular carcinoma 1/29 (3%), thyroid cyst
2/29 (7%), papiler thyroid cancer 14/29 (48%), and follicular thyroid carcinoma 2/29 (7 %). The expression of
NIS is detetcted at 75 kDa at 16 of 29 sampels. Sixteen of tweenty-nine samples detect - 50 kDa. NIS expression
at membrane show 2 samples contained tumor cells with a firm membrane staining pattern (++), and six samples
are weak with only a small portion of the membrane was stained. 28/29 samples show cytoplasmic staining with
medium (++) or weak (+) scale, and antigens are expressed in the majority of cell populations in each sample.
Conclusion: The expression of NIS at membrane mostly show in papillary thyroid cancer, and most thyroid
diseases show NIS expression in cytoplasmic with varies intensity. Determination of NIS expression can be help
to predict the response of radioiodine for adjuvant therapy.
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Background: While the scopes of theranostics are expanding, limitation of resources posing challenge to
radionuclide therapy is a coexistent reality. This is a report of two cases where pre-therapy work up was substandard due to limitation of resources but the therapy ended up with satisfactory outcome while initiated with an
unreferenced course.
Case report: Two patients (36 years old female and 14 years old male) after total thyroidectomy due to papillary
carcinoma of thyroid was referred to INMAS, Mitford in 2016 and in 2018 for radioiodine ablation therapy.
Radioiodine uptake was neither available at INMAS, Mitford nor its appointment was available from other
government centers; also the patients were unable to get it done from private centers. Limited pre-therapy work
up two weeks after surgery was done with serum thyroglobulin, TG (2.5 and 179 ng/ml), thyrotropin, TSH (15.8
and 2.1 mIU/L) and high resolution ultrasound, HRUS of neck to reveal empty thyroid bed with no identifiable
cervical lymph nodes in each patient. Plain chest x-ray, CXR and Tc-99m thyroid scan in each patient were
negative. Radioiodine whole body scan was again unavailable at INMAS, Mitford, while patients could not
afford to get a whole body PET CT or a CT scan of neck or a CT scan of chest done from other center. A
consensus was made to administer 30 mCi of I-131 NaI aqueous solution to each of the patients. They were
counseled for radiation protection prior to therapy and then sent back to home. Follow up after another two
weeks showed rising level of TSH (72.8 and 25 mIU/L) and then they were administered with further 100 mCi
doses of I-131 followed by suppressive dose of oral levothyroxin. The patients have been being followed up till
Novemeber of 2018 and none of them had showed rise of TG level (undetectable and 1.83 ng/ml) or any sign of
recurrence on HRUS of neck.
Conclusions: The coexistence of challenged standard of therapy due to limited native resource with the global
expansion of theranostic standards is the living reality of nuclear medicine physicians while serving in a limited
resource community.
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Introduction: Tin-117m (Sn-117m) is a 14 day half-life theranostic radioisotope emitting 159 keV gamma
photons (86%) and low-energy conversion electrons (~140 keV) that deposit their energy within 0.3 mm in
tissues. Successful results with this isotope have been achieved for bone pain palliation, the treatment of
inflammatory cardiovascular diseases and most recently in the treatment of arthritis by radiosynoviorthesis
(radiosynovectomy).
Reactor production and radiochemical preparation: While very high specific activities (>1,000 Ci/g) can be
achieved in accelerators by reactions such as Cd-116(α,3n)Sn-117m or Sb-nat(p,xn)Sn-117m, research reactors
are able to produce large quantities of low specific activities suitable for various applications in nuclear medicine
by the inelastic scattering reaction Sn-117(n,n’γ)Sn-117m. As this reaction is characterized by a threshold of 318
keV, suitable irradiation positions have been selected in the BR2 High-Flux Reactor providing fast neutron
fluxes of 6.0 e+14 n/cm²·s. above an energy of 100 keV. Several irradiation campaigns of ~93% Sn-117 enriched
metal have been successfully performed during single full reactor operating cycles of 21 to 28 days. These were
performed inside standard reactor fuel elements loaded in the central irradiation channels of the reactor core.
Specific activities of Sn-117m in the range of 4-10 Ci/g have been achieved at the end of irradiation (EOI). The
multi-Ci scale of reactor produced Sn-117m satisfies the demands for clinical trial and commercial uses.
Specifically, the product being evaluated to treat arthritis requires a specific activity of 0.5 Ci/g at manufacturing
and has a two-week shelf-life. Therefore, the specific activity of the Sn-117m should be at least 4 Ci/g at EOI to
allow for several weeks of treatments between irradiation cycles. The irradiated targets are transported to
IsoTherapeutics Group, LLC in TX, USA. At this facility, the tetraiodide form of the irradiated tin material is
readily prepared with HI or other reagents. This material becomes the basis of the colloidal radiosynoviorthesis
product presently being used in canine osteoarthritis and future human rheumatoid arthritis trials.
Conclusions: Suitable irradiation conditions have been achieved at the BR2 High-Flux Reactor to produce the
requested specific activities of Sn-117m by the inelastic scattering reaction. Radiochemical preparations of Sn117m with specific activities of up to ~7 Ci/g have been obtained. The quantities and specific activities produced
are sufficient to support commercial product demands.
Keywords: nuclear medicine, Sn-117m, theranostics, reactor produced isotopes, high-flux reactor
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RFT-30 is a 30 MeV cyclotron research facility at Korea Atomic Energy Research Institute in Jeongeup city
located to the south east of Seoul. RFT-30 accelerates H- and strips proton using carbon foil, it has four beam
lines each dedicated for (i) solid target irradiation, (ii) PET target system, (iii) proton beam research (iv) Xe-124
target system (planned). The facility is well equipped with all the targetry requirements, hot cells, scientific
instruments and hot labs.
Radionuclide based pharmaceuticals are playing major role in several medical procedures. Medical community
has experienced a rapid growth for radionuclide applications in the field of therapy, diagnosis and/ or therapeutic
purposes due to the technological development in cyclotron-based radionuclide production. One of the major
activities at Cyclotron Application and Research Facility (CARF) is research and development in the field of
production of cyclotron-based radionuclides and its applications. We at CARF are routinely involved in
performing preliminary studies and process development required for the bulk production of high purity
radionuclides for medical applications. As a part of this activity the major R & D efforts are dedicated towards
targetry, production, separation/ purification, applications and achieving the efficient technologies for cyclotron
based emerging radiometals (viz. Zr-89, Ge-68, Cu-64/67, Sc-44/47, Co-55/57, etc.) production, ensuring its
sustainable supply for research and medical purposes.
Recently we have been successful in irradiating targets for producing bulk quantities of Zr-89 and Ge-68.
Complete process optimization has been finished for Zr-89 targetry, production, separation and purification. We
have started regular supply of high purity Zr-89 (oxalate/ chloride) to hospital based research groups in Korea
since February - 2018. Process optimization for Ge-68 production has been achieved and we are working on
purification of Ge-68. Simultaneous efforts are made towards electrodeposition of Ni-64 and Zn-70 for the
production of Cu-64 and Cu-67 respectively.
An overview of the efforts made by the researchers at CARF towards developing and optimizing production of
radiometals using RFT-30 cyclotron is the sole purposes of this presentation. Methods from target production,
irradiation conditions, target processing, separation and purification of radionuclides of interest, recovery of
enriched target material would be discussed in brief.
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Purpose: The current approach for brown adipose tissue (BAT) imaging is utilizing 18F-Fluorodeoxyglucose
positron emission tomography (FDG PET). A primary weakness of BAT imaging by FDG PET is the need for
additional stimulation such as cold exposure. BAT is characterized by the abundance of mitochondria which has
a high expression of translocator protein (TSPO). Herein, we tested the feasibility of TSPO PET for BAT
imaging and evaluated BAT uptakes and TSPO expression in thermoneutral and cold exposure conditions.
Methods: Five c57/bl6 mice were used for the TSPO PET imaging. 18F-PBR28, a TSPO PET tracer, was
injected into the mice intravenously (400 μCi/mouse). The mice were kept in the thermoneutral condition for
thirty minutes after the injection, and the PET images were acquired for 20 minutes. The next day, TSPO PET
imaging was performed again using the same five mice after cold exposure (4℃ for 4 hours, cold exposure
condition). Ex vivo biodistribution study was performed in ten c57/bl6 mice (5: thermoneutral, 5: cold
exposure). 30 minutes after injection of 18F-PBR28 (200 μCi/mouse), the mice were sacrificed, and the organs
were collected for the gamma counting and immunohistochemistry (IHC). The gamma counting of two groups
was compared by paired t-test or independent samples t-test. Immunohistochemistry (IHC) was performed using
anti TSPO antibody and the images were obtained using a confocal microscopy.
Results: The TSPO PET images showed prominent BAT uptakes in both thermoneutral and cold exposure
conditions. However, the BAT uptake was significantly higher at the cold exposure condition than the
thermoneutral condition (paired t-test, P = 0.02). Ex vivo biodistribution study corroborated with the finding of
PET study. The %ID/g of blood, kidney, and BAT were significantly higher in the cold exposure group than
those in thermoneutral group (blood: 0.97±0.10 vs. 1.48±0.14, P = 0.0001, kidney: 18.24 vs. 24.56, P = 0.009,
and BAT: 20.49 vs. 39.87, P = 0.025). However, the uptakes of lung and muscle were not significantly different
between the two groups (lung: 12.47 vs. 14.26, P = 0.344, muscle: 3.8080 vs. 4.95, P = 0.24). Also, confocal
microscopy images demonstrated that TSPO expression was notably increased in cold exposure group.
Conclusion: TSPO PET could demonstrate prominent BAT uptake regardless of additional stimulation. Also,
we found that TSPO PET uptake and TSPO expression of BAT increased under cold exposure condition. Further
works are warranted to assess the clinical significance of TSPO PET uptake in BAT and underlying biological

process regarding the association between TSPO expression and thermogenesis in BAT during cold exposure.
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Graphene Oxide-Quenching-Based Fluorescence IN Situ Hybridization (G-FISH) to Detect RNA in
Tissue: Simple and Fast Tissue RNA Diagnostics
Do Won Hwang* and Yoori Choi
Nuclear Medicine, Seoul National University, Korea
hdw6592@hanmail.net
FISH-based RNA detection in tissue can be challenging, with complicated procedures producing uncertain
results and poor image quality. Here, we developed a robust RNA detection method based on graphene oxide
(GO) quenching and recovery of fluorescence in situ hybridization (G-FISH) in paraffin-embedded tissues.
Using a fluorophore-labeled peptide nucleic acid (PNA) attached to GO, the endogenous long noncoding RNA
BC1, β-actin mRNA, and miR-124a could be clearly detected in normal mouse brain, respectively. G-FISH
clearly showed the increased BC1 level in Alzheimer’s disease brain. Coding and non-coding RNAs could be
detected in deparaffinized FFPE or frozen tissues as well as in CLARITY-transparent brain tissues. Fluorescence
recovered by G-FISH in human glioblastoma tissue correlated with the amount of miR-21 by RT-PCR. We
propose G-FISH as a simple, fast, inexpensive, and sensitive method for RNA detection, with a very low
background, which could be applied to diagnostic purposes or therapeutic monitoring.
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Background/Aim: PRRT using radiolabelled octreotate is an effective treatment for SSTR2 expressing NETs.
Given the diagnostic and therapeutic potential of the copper isotopes, Cu-64 and Cu-67, respectively, we are
developing a novel SSTR2 targeting conjugate as a theranostic agent. 64Cu-SARTATE has been successfully
trialled as an imaging agent and potential prospective dosimetry tool in NET patients. As the therapeutic effects
of this agent are yet to be determined, the aim of this study was to explore the efficacy of 67Cu-SARTATE in a
preclinical model of NET and compare it with that of 177Lu-DOTA-octreotate (177Lutate).
Methods: Mice bearing AR42J xenografts were randomized into treatment groups to receive saline, 177Lutate
or 67Cu-SARTATE via intravenous injection. Tumour volumes were measured twice weekly and percentage
tumour growth inhibition (TGI) was calculated. Kaplan Meier survival curves were analysed using the Mantel
Cox log rank test.
Results: All treatments were well tolerated. Dose dependent TGI was observed after single administrations of
67Cu-SARTATE and 177Lutate. Survival was extended from 12 days in the control group to 21 and 26 days
following 5 and 20 MBq 67Cu-SARTATE, and 21 and 29 days following 5 and 25 MBq 177Lutate. In a second
study, the efficacy of fractionated delivery of PRRT was assessed. Administration of a total of 30 MBq 67CuSARTATE or 177Lutate as two 15 MBq fractions two weeks apart improved survival compared with that when
delivered as a single fraction (67Cu-SARTATE: 47 vs 33 days; 177Lutate: 46 vs 29 days). Furthermore, the
efficacy of 67Cu-SARTATE and 177Lutate was equivalent on both treatment schedules.
Conclusions: Fractionated administration of 67Cu-SARTATE and 177Lutate was more efficacious than a single
fraction. The efficacy of 67Cu-SARTATE in the AR42J tumour model was equivalent to that of 177Lutate,
demonstrating the suitability of this novel agent for clinical assessment in the treatment of SSTR2 expressing
NETs.
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While neural stem cells (NSCs) are potential therapeutic resources for Parkinson’s disease (PD), NSC-secreted
extracellular vesicles (EVs) including exosomes are key mediators of positive paracrine effects. Direct evidence
for neuronal protective effects of EVs is essential for developing new PD therapeutics. In this study, we observed
the protective effects of NSC-derived EVs during neurotoxin 6-hydroxydopamine (6-OHDA)-induced
degeneration of SH-SY5Y dopaminergic cells. To trace EV movement, a lentivirus containing Palm-tandem
dimer tdTomato (Palm-td) was transduced into F3 NSCs. EVs isolated from Palm-td-infected F3 cells showed
high tdTomato fluorescence intensity enough to visualize their functional actions such as secretion, migration,
and engulfment between cells. We found that pre-treatment with EVs dramatically prevented 6-OHDA-induced
toxicity by reducing intracellular reactive oxygen species (ROS), percentage of apoptotic cells, and caspase-3/7
activity. These results indicate that NSC-derived EVs have neuroprotective effects against the cell damage,
possibly through anti-oxidant and anti-apoptotic action. More on that, the increase of activated glial cells and
pro-inflammatory cytokines are well-known features of the PD brain. We have shown that pre-treatment of EVs
with respect to the pathological condition of Parkinson’s disease has a preventive effect against
neuroinflammation inducers. NSC-derived EVs have been effective in deactivating glial cells and decreasing
related factors, so it can be developed as therapeutic agents for PD through their anti-inflammatory roles. In
summary, this study demonstrates that NSC-derived EVs protect dopaminergic cells from oxidative stress
inducing pathways and neuroinflammation. Our findings show the potential of EVs as PD therapeutics by
showing anti-oxidant and anti-inflammation effects. While using stem cells capable of giving rise to
dopaminergic neurons is a potential treatment for recovery of damaged neurons, such cell replacement therapy
still has safety concerns and immunogenic issues. As an alternative therapeutic method, neurotrophic factors
secreted by stem cells have been described as increasing the survival rate of neuronal cells and may in fact be a
more effective regenerative approach than cell replacement. We therefore expect that further investigations into
the therapeutic applications of NSC-derived EVs will reveal additional advantages for EV-based PD therapies in
comparison to cell transplantation.
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Background: Neuroendocrine differentiation of prostate cancer usually associated with poor prognosis, visceral
metastases and resistance of androgen-deprivation therapy. Till now, there were few treatment options for
neuroendocrine prostate cancer (NEPC). Somatostatin receptor 2 is expressed predominantly in most NEPC and
may be a promising target for NEPC treatment.
Aims: In the current study, we aimed to study the anti-tumor effects and the undermine mechanism of 177LuDOTA-TOC for NEPC cell PC-3.
Methods: PC-3 cells were treated with indicated concentration of 177Lu, DOTA-octreotide, 177Lu+DOTAoctreotide or 177Lu-DOTA-TOC for indicated time. Cell proliferation was measured with CCK-8 kits.
Apoptosis and cell cycle distribution was analyzed by flow cytometry after staining with Annexin V-FITC/PI or
PI, respectively. Autophasomes were seen with scanning electron microscope (SEM) to assess autophagy. 3methyladenine (3-MA), inhibitor of autophagy, was used to confirm the role of autophagy in PC-3 cell
proliferation. Key proteins such as SSTR2, SSTR5, synaptophysin were analyzed with western blot.
Results: Synaptophysin and SSTR2 were predominantly expressed in PC-3 cells. Among 177Lu, DOTA-TOC,
177Lu+DOTA-TOC and 177Lu-DOTA-TOC, only 177Lu-DOTA-TOC inhibited PC-3 proliferation and the
inhibition was concentration-dependent. However, little apoptosis was induced even when treated with 177LuDOTA-TOC at high concentration. Cell cycle was arrested at G2/M phase. Autophagy was induced by 177LuDOTA-TOC and 3-MA could reverse the cell proliferation inhibition.
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The RNA modification regulates the protein translation, mRNA structure, processing, export and is responsible
for controlling the cellular function. Neuroinflammation has been reported to be one of the etiologic factors of
neurodegenerative diseases. And microglia and astrocytes play important role in neuroinflammation. The
reactive astrocytes by abnormal proteins induces changes in morphology and RNAs expression. Therefore, we
try to confirm the role of RNA modification in astrocytes reactivation and to find a novel theranostic target for
neuroinflammation diseases.
The primary astrocyte was activated by lipopolysaccharide (LPS) treatment. And changes of reactive astrocytes
were observed by overexpression of methylation writer (Mettl3 or 4) and eraser (Alkbh4) proteins of the N6Methyladenosine(m6A). These reactive astrocytes were confirmed the morphology by immunocytochemistry
and cytokine release by qPCR and western blotting.
The level of m6A was changed by writer and eraser after searching astrocytes condition activated by LPS. The
alteration of methylation leads to changes in morphology and cytokines of reactive astrocytes.
As taken together, the change of m6A could modulate the neuroinflammation. The modulation of RNA
methylation, such as m6A, shows the potential to be a new target for the diagnosis and regulation of
neuroinflammation.
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Objectives: Thermogenic function of brown adipose tissue (BAT) has been investigated as a potential
therapeutic target for obesity. Fluorine-18-fluoro-2-deoxyglucose (F-18-FDG) PET imaging by the principle of
increased glucose metabolism has been used to evaluate BAT activation. Cold stimulation induces brown fat
activation that produces heat. Translocator protein (TSPO), an outer-mitochondrial membrane translocator
protein which was reported to be expressed highly in BAT. In this study, we compared F-18-FDG PET images
and N-(2-F-18-fluoromethoxybenzyl)-N-(4-phenoxypyridin-3-yl) acetamide (F-18-PBR28) images targeting
TSPO to demonstrate more effective activated brown fat images in mice models.
Methods: F-18-FDG PET and F-18-PBR28 PET images were acquired in normal warm condition and brown
fat-activated condition induced by cold stress for 4 hours in the same C57BL/6 mice using G4 PET/X-ray
Preclinical Imaging System (Sofie Biosciences). The max standardized uptake value (SUVmax) ratios of volume
of interests (VOIs) in BAT were calculated to those in muscle. The levels of UCP-1 and TSPO protein
expression were measured by western blot.
Results: Relative radioactivity of F-18-PBR28 (4.88-fold) and F-18-FDG (1.65-fold) was increased in brown
fat-activated mice induced by cold stress compared to those in normal warm control condition. For investigating
of relative high radioactivity of F-18-PBR28, we performed western blot to compare protein expression levels.
However, the expression patterns of UCP1 and TSPO were similar to warm condition group and cold stimulated
group.
Conclusions: We demonstrated that the radioactivity of F-18-PBR28 (3.0-fold) in brown fat-activated mice was
more sensitive than those of F-18-FDG. However, the protein level was similar between warm condition group
and cold stimulated group. There can be another factors for higher F-18-PBR28 radioactivity in activated brown
fat, more experiments are needed. Until now, however, we suggest F-18-PBR28 PET imaging for monitoring
brown fat to evaluate BAT thermogenesis.

Others
PP-121 (AK0136)
Study of Theranostic Targets via Neuroinflammation and Blood-Brain Barrier Disruption in Early
Animal Model of Alzheimer's disease
Hoon Young Suh, Youngsun Lee and Yoori Choi*
Department of Nuclear Medicine, Seoul National University Hospital, Korea
yns086@naver.com
Purpose: Diagnostic and therapeutic targets for Alzheimer’s disease (AD) has been studied separately based on
knowledges from the advanced stage of AD. Recent advance in neuroscience has been focused on the disease
prevention by studying the early stage of AD and using theranostic approach. However, there is a lack of
integrative understanding of changes in genetic background at early stage of AD. The aim of this study was to
identify genetic change in the early stage of AD and find appropriate theranostic marker using 5XFAD AD
model.
Method: The early stage of AD was defined by Y-maze test as the time when 5XFAD mice do not show
cognitive decline. At 8 months of age, 5XFAD mice had significant memory deficit than wild type mice. 10- and
20-weeks-old 5XFAD mice were used for early stage AD model. Aβ deposit and Aβ plaque formation was
confirmed with anti-Aβ42 immunostaining and Thioflavin-S staining, respectively. Total 55681 mRNAs were
analyzed by microarray from hippocampus of 10- and 20-week-old 5XFAD mice. Anti-Iba1 and anti-GFAP
immunostaining was performed to localize the microglia and astrocyte respect to Aβ. The Blood-brain barrier
(BBB) disruption was investigated with 111In-Cy3-albumin imaging.
Result: Aβ deposit was found in the brain of 5XFAD mice started from the age of 10 weeks, while Aβ plaque
were detected at the age of 20 weeks. 715 and 630 genes were differentially expressed between 5XFAD and wild
type mice at 10 and 20 weeks of age, respectively (fold change>2.0, p-value<0.05). Compared to the wild type
mice, genes that are associated with extracellular matrix (n=20) and angiogenesis (n=13) showed significant
downregulation in 10-week-old 5XFAD mice. Moreover, inflammation (n=16) and immune response (n=46)
related genes were significantly upregulated in 20-week-old 5XFAD mice. Genes with continuous upregulation
from 10- to 20-week-old 5XFAD mice include Cst7, Ccl4, Ccl3, Itgax, and Clec7A. Anti-Iba1 and anti-GFAP
immunostaining showed that microglial activation and astrogliosis were accompanied with Aβ in the 5XFAD
mice from the age of 10 weeks. The penetration of 111In-Cy3-albumin into the brain parenchyma represents
BBB disruption.
Conclusion: Genes that constitute BBB were downregulated in the 10-week-old 5XFAD mice, while genes that
are related to inflammation and immune response were upregulated in both 10- and 20-week-old 5XFAD mice.
Our results show that the neuroinflammation occurs with the BBB disruption in the early stage of AD.
Therefore, components that constitutes BBB and propagates neuroinflammation could be suggested as a
theranostic target.
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Enhanced Breast Cancer Proliferation by Cancer Exosome-Stimulated Glial Cells and the Potential of
Cancer-Derived Exosome as a Therapeutic Target.
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Brain metastatic breast cancer cells have been known to stimulate glial cells in the brain to facilitate their brain
metastasis. Long distance of primary breast cancer site to the brain may require the communication mediator to
deliver cancer favorable information to the brain. However, the exact role of breast cancer-derived exosome
during brain metastasis is not well understood. In this study, we observed the phenomenon that breast cancerderived exosomes directly activate primary astrocytes and the co-culture condition of these activated astrocytes
with microglia cells enhances cancer cell proliferation and invasion. To trace the extracellular vesicle (EV)
including exosome movement, Palm-tandem dimer tdTomato (Palm-tdTomato) lentiviral vector was transduced
into MDA-MB-luc-D3H2LN (D3H2LN) breast cancer cells. EVs isolated from D3H2LN-Palm-tdTomato cell
lines showed the increased Palm-tdTomato fluorescence intensity and were stably internalized into astrocytes.
We found that astrocytes taken up by cancer-derived exosomes were activated, showing the increase in Glial
Fibrillar Acidic Protein (GFAP), vimentin, MCP-1/CCL2 and IL-6 expression. Also, we found that co-culture
glial cells of astrocytes and microglia significantly increased cytokine IL-6 production. The co-cultured medium
from cancer exosomes-stimulated astrocytes and microglia increases invasion and proliferation of cancer cells
and inhibits tumor suppressor gene in breast cancer cells. These results indicate that breast cancer-derived
exosomes participate in activating astrocytes and the activated astrocytes and microglia induce breast cancer
proliferation and invasion during brain metastasis. The breast cancer-derived exosomes will be a good target for
brain metastasis cancer therapy.
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Technical Experiences on Theranostics in the Philippines: Radiolabeling, Quality Control and Patient
Administration Setup
Melvin Estonactoc*, Joana Marie Almazan, Michael Torres and Patricia Bautista
PET Center, Nuclear Medicine Department, St. Luke's Medical Center, Philippines
mfestonactoc@stlukes.com.ph
A practical setup for the radiolabeling and administration of Ga-68 PSMA/DOTATATE and Lu-177
PSMA/DOTATATE radiopharmaceuticals is reported. In the last quarter of 2017, St. Luke’s Medical Center was
able to synthesize Gallium-68 radiopharmaceuticals. The radiolabeling setup is contained in a shielded
laminar/fumehood, customized to place the GMP 68Ge/68Ga 30 mCi generator and the iQS-Theranostics
Synthesizer (TS).The iQS-TS is a compact and automated cassette-based synthesis module capable of labeling
68Ga and 177Lu to PSMA and DOTATATE biomolecule analogs. It is interfaced to a portable computer to
facilitate the routine preparation and to monitor the progress of radiosynthesis. The radiolabeling of Ga-68
PSMA or DOTATATE takes approximately 20 minutes from elution from the generator up to end-product. The
radioactivity of the final product is measured in the adjacent Quality Control laboratory where pre-injection tests
are done. Critical QC test result is obtained from High-performance liquid chromatography (HPLC) to determine
if radiochemical purity of Ga-68 PSMA or DOTATATE is more than 90%. Once QC tests are passed, a patientweight dependent dose of the radiopharmaceutical is assayed, transported and administered thru IV to the patient
for PET imaging.
In May 2018, a no-carrier-added (n.c.a) Lu-177 radionuclide was availed and using the same setup, our first
177Lu-DOTATATE was synthesized. The radiolabeling process is similar to Ga-68 though the duration takes
about 30 minutes. Same series of QC tests are done and HPLC result has to be more than 98%. The final product
is assayed according to the dose prescribed by the Nuclear Medicine Physician. The product is then transported
to the admitting unit where the patient is prepared. Lu-177 PSMA or DOTATATE is administered using a
PLUM IV pump to set the infusion rate. A semi-automated aspiration-infusion technique is devised to conduct
the administration at a distance. The administration takes about 15 to 20 minutes to complete. Instantaneous dose
rates are measured before, during and after administration to monitor and approximate external radiation
exposure. Finally, the product vial is measured for residual activity.
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Biomimetic Design for Avoiding Immune Barriers of Macrophage with RBC Membrane Cloaked 89Zr
Labeled Nanoparticles
Jun Young Lee, Chirag K Vyas, Pyeong Seok Choi, Min Goo Hur, Seung Dae Yang, Young Bae Kong,
Eun Je Lee, Ho Seung Song and Jeong Hoon Park*
Radiation Instrumentation Research Division, Korea Atomic Energy Research Institute, Korea
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Nanoparticles (NPs) used for diagnosis and treatment of various diseases/tumors have a toxicity owing to
phagocytosis of macrophage. After introducing the radionuclide in the NPs, it can be accumulated at a non-target
sites such as liver, lung and spleen.These issues can cause serious side effects. The object of this study is to solve
the problem of toxicity by synthesizing biomimetic NPs which is radionuclide labeled NPs with red blood cell
membrane (Rm). The immune control proteins (ICPs) of Rm play a crucial role in their biological applications.
Rm can overcome the immune barriers because CD47 antigens on Rm are recognized by the SIRPα receptor
signal (Don’t eat me) with macrophages. These signal can prohibit phagocytosis of macrophages. In order to
maximize the function of ICPs, radionuclide was introduced directly into the hollow mesoporous silica
nanoparticle (HMSN) without chelator such as DOTA, NOTA and DFO. In this study, Rm coated HMSN was
characterized for morphology, size, and properties. In addition, 89Zr (Half-life: 3.3 d) was incorporated under
the mild condition with labeling efficiency of >96% on the silanol group of HMSNs. After Rm coating, the
release of 89Zr was decreased for long-term tracking. Small animal PET images acquired after tail i.v. injection
of 89Zr-HMSN and Rm-89Zr-HMSN were monitored. The general nano-medine easly observed in liver, lung
and spleen, while biomimetic NPs was distributed in whole body. In particular, Rm-89Zr-HMSN observed a
higher accumulation rate in tumor, because it can circulate for a long time. Having distinguished potentials viz.
low tocicity, stability and long-term circulation ability in biological systems this strategy can be applied
extensively to identify the long-term in vivo behavior of nano-drugs while enhancing their biocompatibility.

Others
PP-125 (IK0127)
Comparative Analysis of TSPO-Targeting PET/MR and Recruitment of Peripheral Immune Cells using
Bioluminescence Imaging in Neuro-Inflammatory Mouse Model
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Peripheral immune cell infiltration through the blood-brain barrier (BBB) into inflammatory regions of the brain
is important to the pathogenesis of neuro-inflammation. Here, we established multi-modal imaging modalities
using [18F]CB251-PET/MR and bioluminescent imaging (BLI) for detecting neuro-inflammation and peripheral
immune cell infiltration. [18F]CB251, a recently developed translocator protein (TSPO)-targeting radionuclide
PET probe for imaging activated immune cells, was used to visualize acute neuro-inflammatory regions in the
brain. To tracking peripheral immune cells by BLI, luciferase-expressing splenocytes from reporter transgenic
mice were adoptively transferred into recipient mice harbouring lipopolysaccharide (LPS)-induced regional
inflammation in the right striatum of the brain. Luciferase-expressing exogenous splenocytes were localized at
the LPS-injected site in the right striatum. T1- and T2-weighted MR scans with gadolinium-DOTA were
performed for visualizing BBB disruption. High MR signals were observed in the right striatum of the
intracranial LPS model. Simultaneous [18F]CB251-PET/MR showed increased imaging signals at the LPSinduced acute neuro-inflammatory region in the brain. To determine if the degree of neuro-inflammation can be
assessed using these methodologies, intracranial LPS-injected mice were treated with an inflammatory cytokine
inhibitor, CDDO-methyl ester. [18F]CB251-PET radioactivity reflected the anti-inflammatory effect of CDDOMe, and BLI signals from peripheral immune cells were also decreased by CDDO-Me treatment. These results
showed that multi-modal imaging modalities with [18F]CB251-PET/MR and BLI have great potential to detect
neuro-inflammation, and suggest that comparative analysis of neuro-inflammation with peripheral immune cell
infiltration by multimodal imaging can be used to investigate the pathogenesis and severity of neuroinflammatory diseases.
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Technical Experiences on Theranostics in the Philippines: Radiolabeling, Quality Control and Patient
Administration Setup
Melvin Estonactoc*, Joana Marie Almazan, Michael Torres and Patricia Bautista
PET Center, Nuclear Medicine Department, St. Luke's Medical Center, Philippines
mfestonactoc@stlukes.com.ph
A practical setup for the radiolabeling and administration of Ga-68 PSMA/DOTATATE and Lu-177
PSMA/DOTATATE radiopharmaceuticals is reported. In the last quarter of 2017, St. Luke’s Medical Center was
able to synthesize Gallium-68 radiopharmaceuticals. The radiolabeling setup is contained in a shielded
laminar/fumehood, customized to place the GMP 68Ge/68Ga 30 mCi generator and the iQS-Theranostics
Synthesizer (TS).The iQS-TS is a compact and automated cassette-based synthesis module capable of labeling
68Ga and 177Lu to PSMA and DOTATATE biomolecule analogs. It is interfaced to a portable computer to
facilitate the routine preparation and to monitor the progress of radiosynthesis. The radiolabeling of Ga-68
PSMA or DOTATATE takes approximately 20 minutes from elution from the generator up to end-product. The
radioactivity of the final product is measured in the adjacent Quality Control laboratory where pre-injection tests
are done. Critical QC test result is obtained from High-performance liquid chromatography (HPLC) to determine
if radiochemical purity of Ga-68 PSMA or DOTATATE is more than 90%. Once QC tests are passed, a patientweight dependent dose of the radiopharmaceutical is assayed, transported and administered thru IV to the patient
for PET imaging.
In May 2018, a no-carrier-added (n.c.a) Lu-177 radionuclide was availed and using the same setup, our first
177Lu-DOTATATE was synthesized. The radiolabeling process is similar to Ga-68 though the duration takes
about 30 minutes. Same series of QC tests are done and HPLC result has to be more than 98%. The final product
is assayed according to the dose prescribed by the Nuclear Medicine Physician. The product is then transported
to the admitting unit where the patient is prepared. Lu-177 PSMA or DOTATATE is administered using a
PLUM IV pump to set the infusion rate. A semi-automated aspiration-infusion technique is devised to conduct
the administration at a distance. The administration takes about 15 to 20 minutes to complete. Instantaneous dose
rates are measured before, during and after administration to monitor and approximate external radiation
exposure. Finally, the product vial is measured for residual activity.
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A practical setup for the radiolabeling and administration of Ga-68 PSMA/DOTATATE and Lu-177
PSMA/DOTATATE radiopharmaceuticals is reported. In the last quarter of 2017, St. Luke’s Medical Center was
able to synthesize Gallium-68 radiopharmaceuticals. The radiolabeling setup is contained in a shielded
laminar/fumehood, customized to place the GMP 68Ge/68Ga 30 mCi generator and the iQS-Theranostics
Synthesizer (TS).The iQS-TS is a compact and automated
cassette-based synthesis module capable of labeling 68Ga and 177Lu to PSMA and DOTATATE biomolecule
analogs. It is interfaced to a portable computer to facilitate the routine preparation and to monitor the progress of
radiosynthesis. The radiolabeling of Ga-68 PSMA or DOTATATE takes approximately 20 minutes from elution
from the generator up to end-product. The radioactivity of the final product is measured in the adjacent Quality
Control laboratory where preinjection
tests are done. Critical QC test result is obtained from High-performance liquid chromatography (HPLC) to
determine if radiochemical purity of Ga-68 PSMA or DOTATATE is more than 90%. Once QC tests are passed,
a patient-weight dependent dose of the radiopharmaceutical is assayed, transported and administered thru IV to
the patient for PET imaging.
In May 2018, a no-carrier-added (n.c.a) Lu-177 radionuclide was availed and using the same setup, our first
177Lu-DOTATATE was synthesized. The radiolabeling process is similar to Ga-68 though the duration takes
about 30 minutes. Same series of QC tests are done and HPLC result has to be more than 98%. The final product
is assayed according to the dose prescribed by the Nuclear Medicine Physician. The product is then transported
to the admitting unit where the
patient is prepared. Lu-177 PSMA or DOTATATE is administered using a PLUM IV pump to set the infusion
rate. A semi-automated aspiration-infusion technique is devised to conduct the administration at a distance. The
administration takes about 15 to 20 minutes to complete. Instantaneous dose rates are measured before, during
and after administration to monitor and approximate external radiation exposure. Finally, the product vial is
measured for residual activity.
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Biodistribution of 177Lutetium-(R)-NODAGA-PSMA in Male Wistar Strain Rats
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Background: 177Lutetium (Lu)-(R)-NODAGA-PSMA is the development of radionuclide therapy that can be
used for metastasized castration-resistant prostate cancer (mCRPC) therapy. The aim of this study was to know
the biodistribution of 177Lutetium (Lu)-(R)-NODAGA-PSMA in kidneys and bladder of Male Wistar strain rats.
Methods: This experimental study was done in Department of Nuclear Medicine and Molecular Imaging, Dr.
Hasan Sadikin General Hospital, Bandung. The subject of the this study was 10 male Wistar strain rats with the
age of 8-12 weeks; a weight of 200-250 grams; in healthy condition. The subjects were anesthetized using
Ketamine and injected with 1,3-1,7 mCi radiopharmaceutical of 177Lu-(R)-NODAGA-PSMA into their veins at
their tail. Organ total counting was done at 60,90, and 120 minutes after injection of radiopharmaceutical. The
data were collected from both kidneys and bladder uptake.
Result: The mean percentage of radiopharmaceutical uptake at 60 minutes for right kidney, left kidney, and
bladder were 4.35%, 5,91%, and 6.54% respectively. At 90 minutes, they were 6.31%, 7.6%, and 7.95%. At 120
minutes, they were 6.89%, 8.48%, and 9.60%. The percentage of the uptake in targeted organs were presented in
tables and graphics.
Conclusion: Radiopharmaceutical biodistribution of 177Lu-(R)-NODAGA-PSMA in male wistar strain rats
received by left and right kidneys and bladder.The increase in the radioactivity of targeted organs was recorded
along with the time when the research was being conducted. This is because kidney acts as excretory organ of
177Lu-(R)-NODAGA-PSMA.
Keywords: 177Lu, PSMA, Biodistribution, Male Wistar Strain Rats.
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Introduction: Reprogrammed glucose metabolism as a result of increased glycolysis and glucose uptake is a
hallmark of cancer. Several studies have suggested that cancer-derived extracellular vesicles (EVs) can modulate
glucose metabolism in adjacent cells and promote disease progression. Here we suggest that donor cell-derived
EVs with highly glycolytic activity can modulate glucose metabolism in the recipient cell with relative low
glucose metabolic status and induce cell proliferation.
Method: To demonstrate that tumor-derived extracellular vesicles (EVs) contribute to glucose metabolism in
cancer cells, two types of breast cancer cell lines with different levels of glycolytic activity were selected. These
cell lines, MDA-MB-231 and MCF7, were co-cultured using indirect co-culture system such as transwell system
or microfluidic system to confirm the changes in the glucose metabolism in the recipient cells, MCF7. Glucose
analogue, 18F-fluorodeoxyglucose (18F-FDG) was used to evaluate basal glucose metabolic status of these cells.
Exosomes were isolated from donor cell, MDA-MB-231 and treated to MCF7. Confocal microscopy was used
for evaluating the EVs signal in co-cultured MCF7 with MDA-MB-231-PalmtdTomato. Immunoblotting was
carried out with antibodies against crucial proteins - glucose transporter 1 (GLUT1) and pyruvate kinase M2
isoform (PKM2) - in glycolysis pathway. Phosphorylation at 105Y of PKM2 was also evaluated to check
inhibition of PKM2 activity in the co-cultured MCF7. In order to evaluate potential therapeutic role of EVs,
tamoxifen (TAM)-induced apoptosis was investigated in the co-culture MCF7 compared to control MCF7.
Results: Basal FDG uptake ratio of MDA-MB-231 and MCF7 at 60 min after FDG treatment was 138.25 ±
17.20 %/mg and 14.29 ± 1.46 %/mg, respectively. FDG uptake ratio of MCF7 cell was markedly increased after
indirect co-culture with MDA-MB-231 using transwell system. After 24 hours culture with isolated exosomes
(100 ug/ml) from MDA-MB-231 in the MCF7, FDG uptake ratio was increased (71.01 ± 5.18 %/mg). CCK-8
assay showed increased cellular proliferation when isolated exosomes were treated in the MCF7 cell (control
group 0.90 ± 0.01 OD vs exosome-treated group 1.35 ± 0.04 OD). Confocal microscopy of MCF7 after coculture with MDA-MB-231-PalmtdTomato showed multiple PalmtdTomato signal inside the cell, which proved
that EVs originated from MDA-MB-231-PalmtdTomato were transferred to MCF7 cell. Immunoblotting
analyses showed that GLUT1 expression was increased in the co-cultured MCF7 compared to control MCF7.
Although PKM2 expression itself did not show significant change in the co-cultured MCF7, phosphorylation of
PKM2 suggesting inhibition of PKM2 activity was increased in the co-cultured MCF7. Control MCF7 cells

showed dose-dependent TAM-induced cellular toxicity but co-cultured MCF7 cells did not show toxicity at the
same doses.
Conclusions: EVs originated from MDA-MB-231 have upregulated glycolytic pathway by inhibiting PKM2
activity, which finally induced cellular proliferation in MCF7. In addition, co-cultured MCF7 showed resistance
to TAM-induced cellular toxicity. Therefore, we suggest that EVs may have a potential as future therapeutic
target for cancer proliferation inhibition.
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Objectives: Recently, translocator protein (TSPO) ligands have been investigated and suggested as useful
theranostic probes for the inflammation. TSPO has been reported to interact with voltage-dependent anion
channel (VDAC) in the outer membrane of the mitochondria, and plays its role in various biological
phenomenon. In addition, TSPO ligands also have been suggested as drugs for cancer and neurodegenerative
diseases. However, the effects of TSPO ligand-receptor binding on TSPO-VDAC interaction have not been
clearly understood. In this research, we investigated the change of the TSPO-VDAC interaction under the
treatment of various TSPO ligands.
Methods: Human embryonic kidney cell lines (293FT) were used to visualize the TSPO-VDAC interaction. We
established VDAC-Venus (VN173) and TSPO-Venus (VC155) vectors for bimolecular florescence
complementation (BiFC) assay using confocal imaging. PK11195, PBR28, and XBD173, were used as TSPO
ligands, and treated for 12 hours at various concentrations. A gamma counter was used for measuring the binding
of 18F-PBR28. Protein expression of TSPO and VDAC were measured with western blot.
Results: PK 11195 known as TSPO inhibitor, reduced the TSPO-VDAC interaction in a dose-dependent
manner. On the other hand, in the XBD173 treatment, known as TSPO activator, induced the TSPO-VDAC
interaction in a dose-dependent manner. The amount of TSPO and VDAC proteins did not change after treatment
of TSPO inhibitor or activator. However, TSPO inhibitor or activator only modulates the TSPO-VDAC binding.
Both TSPO targeting drugs, either activator or inhibitor, seemed to reduce the binding of 18F-PBR28. This result
demonstrates that PBR28 competes its binding site with PK 11195, XBD173 regardless of their different role of
TSPO function.
Conclusion: Our research successfully visualized that TSPO ligand binding influences on the TSPO-VDAC
interaction. Our results suggested that inhibition or activation of TSPO by its ligand is directly related to the
TSPO-VDAC binding
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Developmental Changes of Brain Metabolic Network in ADHD Rats
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Purpose: To confirm ADHD-specific changes, the changes of brain connectivity during development of ADHD
rats were analyzed by persistent homology (PH) and newly developed directed graph analysis.
Methods: Twelve SHRs, an ADHD rat model, and 12 WKY rats as a control, underwent FDG PET at 4 weeks
and 6 weeks of age. Predefined regions-of-interest (ROIs) were used according to the Schiffer template and 32
cortical and subcortical regions were analyzed. The distance on brain graph between each ROI is defined as
square-root(1-correlation coefficient). The topological properties of undirected graph were extracted by
threshold filtration through persistent homology. In the universal covering tree, we used the generalized Markov
system to calculate the volume entropy information on the directed graph and calculate the edge capacity and
node capacity.
Results: In Persistent homology analysis, ADHD rats had a delayed enhancement of limbic-cortical connection
during development, compared to control rats. The volume entropy was higher in the control group than in the
ADHD group and was higher in the older age. The directed graph at 6 weeks of ADHD group showed
asymmetric changes in regards to node capacities. In the 6 weeks old rats, the ADHD group was significantly
higher the incoming edge capacities and the node capacity of the Lt auditory cortex than the control group.
Conclusions: The undirected PH brain graph of the ADHD group showed delayed development in the limbiccortical connection. Directed graph analysis showed asymmetric changes in ADHD brain connectivity that could
not be assessed by undirected graph analysis.
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Caveolin-1 Increases Cell to Cell Transmission in Parkinson’s disease.
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Parkinson's disease (PD) is the second most prevalent neurodegenerative disease. α-synuclein (α-Syn) has been
considered to be a key player of the pathogenesis of PD, and recent reports that prion-like propagation of
misfolded α-syn released from neurons may play an important role in the progression of PD. PD-associated gene
products such as α-synuclein, PINK1, LRRK2, and DJ-1, as well as parkin, have also been reported to associate
with lipid rafts, implying that functional alteration of lipid rafts by these proteins may be one of the common
pathological mechanisms of PD.
In previous study, we have reported that loss of parkin leads to an increase caveolin-1 and cell to cell
transmission of a-syn. To investigate whether caveolin-1, known as integral components of lipid rafts, increases
the migration of a-syn, we experimented cell to cell transmission through dual chamber system in SH-SY5Y cell
lines which is human neuroblastoma cell lines. We identified that cell-to-cell transmission of a-syn is increased
in caveolin-1 overexpressed stable cell lines compared by control cell lines. We also got the same result in rat
primary cultured neuron. To determine if phosphorylation of caveolin-1 is important in cell to cell transmission,
we made phospho-mutant form of cavelin-1. We found that cell to cell transmission increased by caveolin-1 was
decreased in phospho-mutant caveolin-1 stable cell lines.
As a result, caveolin-1 play an important role in cell to-cell transmission of a-syn and phosphorylation of
caveolin-1 is also important in cell to cell migration of a-syn.
Therefore, caveolin-1 may be a therapeutic target for the progression of PD and caveloin-1 inhibitor may also be
used as a remedy for PD.
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Purpose: Targeted α-particle therapy is a promising option for patients with malignant pheochromocytoma.
Recent observations of meta-[At-211]-astato-benzylguanidine ([At-211]-MABG) in a pheochromocytoma mouse
model showed a strong anti-tumor effect, but its molecular mechanism remains elusive (Y. Ohshima et al.,
2018). Here, we showed the first comprehensive RNA-sequencing (RNA-seq) data of pheochromocytoma cells
from in vitro [At-211]-MABG administration experiments, and screened key genes and pathways in the tumor αparticle radiation response, in order to obtain novel molecular imaging and therapeutic targets.
Methods: We evaluated genome-wide transcriptional alterations of rat pheochromocytoma cell line (PC12) at 3,
6, 12 h after [At-211]-MABG treatment. In order to highlight [At-211]-MABG specific gene expression, we
carried out the control experiment of Co-60 γ-rays irradiation. Ten-percent and eighty-percent iso-survival dose
(0.8 and 0.1 kBq/ml for [At-211]-MABG, 10 and 1 Gy for 60Co γ-rays) were used for the comparison of both
treatments.
Results: Enrichment analysis of the differentially expressed genes (DEGs) and analysis of the gene expression
profiles of the cell cycle checkpoints showed similar modes of cell death via p53-p21 signaling pathway
following [At-211]-MABG treatment and γ-ray irradiation. Ten persent iso-survival dose of γ-ray irradiation and
[At-211]-MABG showed cell cycle arrest at G2/M phase. Representative DEGs of [At-211]-MABG-treated cells
between 80% and 10% survival showed the expression of key genes not only on the decrease in the survival, but
also on the anti-therapeutic effects such as DNA repair, invasion, and metastasis. Furthermore, representative
DEGs between γ-ray irradiation and [At-211]-MABG demonstrated that the expression of four potential genes
including Otub1 related to ubiquitin mediated proteolysis was remarkably elevated only after treatment with [At211]-MABG. Western blot analysis indicated the increase of translocator protein 18 kDa (TSPO) expression in
[At-211]-MABG treated cells, suggesting the potential PET imaging probe.
Conclusion: Comprehensive RNA-seq revealed contrasting cellular responses to γ-ray irradiation and targeted
α-particle therapy leading to the identification of four novel potential genes (Mien1, Otub1, Vdac1 and Vegfa)
for molecular imaging and therapeutic targets of [At-211]-MABG therapy. Moreover, our results suggest
possible mechanism of the anti-tumor effect of [At-211]-MABG in pheochromocytoma.
Reference: Y. Ohshima, H. Sudo, S. Watanabe, K. Nagatsu, A.B. Tsuji, T. Sakashita, Y.M. Ito, K. Yoshinaga,

T. Higashi, N.S. Ishioka, Antitumor effects of radionuclide treatment using α-emitting meta-[At-211]-astatobenzylguanidine in a PC12 pheochromocytoma model, Eur. J. Nucl. Med. Mol. Imaging, 45, 999-1010. (2018)
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[225Ac]Ac-DOTAZOL for α-Therapy of Bone Metastases: Synthesis and in vivo Evaluation
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Rationale: Conjugates of bisphosphonates with macrocyclic chelators possess high potential in bone targeted
radionuclide imaging and therapy. DOTAZOL, zoledronic acid conjugated to DOTA, demonstrated promising
results in vivo in small animals as well as in first patient applications using 68Ga for diagnosis via PET and
177Lu for therapy of painful bone metastases (1-6). As targeted α-therapy offers various advantages over the use
of β--emitters, the 225Ac-labelled derivative [225Ac]Ac-DOTAZOL was synthesized and evaluated in vivo. We
report on biodistribution of [225Ac]Ac-DOTAZOL in healthy Wistar rats, a comparison with [68Ga]GaDOTAZOL and [177Lu]Lu-DOTAZOL and the tox-icity of [225Ac]Ac-DOTAZOL.
Methods: DOTAZOL was labelled with 225Ac and injected into the tail vein with activities of 404 ± 47 kBq per
healthy Wistar rat. Biodistribution studies were performed at 1 h, 24 hs, 5 and 10 days pi. Accumulation of
[225Ac]Ac-DOTAZOL on healthy bone and soft tissue organs was obtained in terms of SUV. Results were
compared to [68Ga]Ga-DOTAZOL and [177Lu]Lu-DOTAZOL. A group of 7 animals was observed over a
period of 3 month after application of 394 kBq ± 10 kBq of [225Ac]Ac-DOTAZOL for signs of toxicity.
Kidneys were microscopically analysed for signs of chronic kidney damage.
Results: Radiolabelling of DOTAZOL with 225Ac at 98 °C provided radiochemical yields ≥98 % within 30
minutes. [225Ac]Ac-DOTAZOL showed high femur uptake (SUVfemur = 4.99 ± 0.97, 10 d p.i.), comparable to
other Me(III)-DOTAZOL deriv-atives. Ratios between bone uptake and blood pool activity reached levels of 5,
940, 2181 and 2409 at 1 hour, 24 hours, 5 days and 10 days pi. Very low background in terms of accumulation in
non-target tissues was ob-served for all tracers. Merely, an appreciable amount of activity in the liver was
observed for [225Ac]Ac-DOTAZOL which did not significantly increase over time. This amount was easily
reduced by increasing the amount of the labelling precursor as well as by co-injecting DTPA.
During the observation period of the first two month no toxicity was observed clinically.
Conclusion: [225Ac]Ac-DOTAZOL repeats the well-known pharmacology of DOTAZOL derivatives in
preclinical evaluations. It thus may be considered for translational application.
Keywords: 225Ac, [225Ac]Ac-DOTAZOL, bisphosphonates, zoledronate, bone metastases, α-therapy, toxicity
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Diagnosis of Alzheimer's disease through Functional Brain Connectivity Represented by Structural
Changes of Brain Cells
Yoori Choi*, Hyejin Kang, Youngsun Lee and Kyu Wan Kim
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Analysis of brain connectivity changes in cognitive impairment during the course of Alzheimer disease (AD) is
essential for the development of diagnostic and therapeutic monitoring of AD. In this study, we developed the
diagnostic method to assess metabolic brain connectivity for AD based on continuous graph-filtering of new
graphs. And the brain regions with impaired functional brain connectivity were evaluated the structural
connectivity of neurons and glial cells in Alzheimer's disease.
[18F]FDG-PET in 4, 8 and 12 months old 5XFAD mice was obtained to analyze the metabolic network. Then,
the graph filtration method based on persistent homology was applied to investigate metabolic connectivity with
a threshold-free approach and the difference between two networks was compared by single linkage distances
(SLDs) in all pairwise nodes. GFP expression was in the neurons within the brain regions with impaired
functional connectivity by viral infection. The neural structure was observed in the clear brain using CLARITY
method, and glial cells were stained with antibodies.
Direct comparison of the metabolic images of the AD model with the age-matched control group did not show
regional differences in FDG uptake. Metabolic connectivity significantly decreased between globus pallidus and
entorhinal cortex/ perirhinal cortex/ amygdala, amygdala and entorhinal cortex/ perirhinal cortex in the AD
mouse. The neuron and glial cells in the globus pallidus, amygdala and entorhinal cortex change the
morphology.
These results suggest that multiscale and threshold-free network analysis can be used to measure abnormal
connectivity of AD animal models as an imaging-based network biomarkers. And abnormal image-based
functional connectivity is due to changes in neurons and glial cells, which can be useful in the diagnosis and
evaluation of therapeutic effect in AD.
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The Alteration of Expression of Long Noncoding RNA associated with miRNA101-a in Alzheimer’s
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Background: The long non-coding RNA(lncRNA) has been reported to regulate the gene expression at
epigenetic, transcriptional, and posttranscriptional levels. In addition, some lncRNAs involve in various diseases
including AD. To understand changes in early stage of AD, we analyzed lncRNAs in the 5XFAD mouse, an
Alzheimer’s disease(AD) mouse model. This model shows cognitive impairment after 6 months. And it
confirmed that amyloid beta production and plaques occurs at 2.5 and 5 months in the previous study. Therefore,
lncRNA profiling study was performed in 2.5 and 5 month-old 5XFAD before cognitive impairment.
Methods: First, we isolated RNAs from the hippocampus in 2.5 and 5 month-old 5XFAD and observed
alteration in 16,251 lncRNAs of microarray. The differentially expressed genes were selected by a fold change
over 2.0 or under 0.5 the expression values in the transgenic mouse, compared with wild type mouse.
We selected one of them and performed PCR and qPCR. To figure out the relationship between lncRNA X and
miRNA101a, we confirmed the expression level in mouse primary astrocyte and microglia with LPS treated
condition.
Results: A total of 212 lncRNAs (1.3%) were differentially expressed between 10-, 20-week-old 5XFAD and
wild type mice (p-value < 0.05). Among the sorted genes, we studied lncRNA X associated with miRNA101-a
which is involved in regulation of APP. As a results, the lncRNA X expression was highest in astrocytes among
brain cells such as neurons, astrocytes and microglia. And the lncRNA X expression was related with
miRNA101-a expression and was significantly downregulated under astrocytes and microglia activation by LPS
treatment
Conclusions: In this study, we found the response of the lncRNA X by stimulation and identified the
relationship between lncRNA X and miRNA101-a. We also need to confirm the level of APP expression and the
role of lncRNA X in early stage AD. The expression and function of a novel lncRNA X will be investigated to
confirm the possibility of diagnosis and treatment in early stage AD.

