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BY PROFESSOR BIN TEAN TEH 
Deputy Director (Research),  

National Cancer Centre Singapore T his overview summarises the research achievements, 
innovations, and changes that have taken place in 
the NCCS. NCCS Research is currently divided into 

three main areas: Medical Sciences (headed by Assoc. Prof. 
N. Gopalakrishna Iyer, with 12 clinician-scientists), Cellular 
and Molecular Research (headed by Prof. Kanaga Sabapathy, 
with 9 Principal Investigators), and Clinical Trials and 
Epidemiological Sciences (headed by Dr. Tan Eng Huat, with 
44 Clinical Research Coordinators). 

In the past two and a half years, NCCS research has scaled greater 
heights, with success in procuring major competitive national 
grants, publishing an increasing number of scientific papers 
in high-impact journals, and winning prestigious international 
awards. These are the fruits of our emphasis, investment and 
hard work in academic medicine and a testament to the 
importance of translational research, with more clinicians 
taking the plunge into translational research. By putting more 
time and effort into their research, our clinician-scientists have 
gained greater confidence in undertaking more challenging, 
innovative yet potentially impactful research projects that will 
hopefully be translated into novel diagnostic and therapeutic 
strategies for cancer management. Not only are they 
comfortable in managing their laboratories and running their 
projects, they have also strategically reached out to collaborate 
with basic scientists both within and outside of the campus. 
Our significant collaborative efforts with local (e.g., Duke-NUS, 
NUS, NTU, A*STAR institutions) and international institutions, as 
well as commercial entities, have greatly helped in competing 
for national research grants (Figure 1) and industry alignment 
funds (Figure 2), which include: 

1 National Medical Research Council (NMRC)  
Centre Grant

 a. Main Pot – S$20 million
 b. Collaborative Pots – S$1.4 million

2 National Research Foundation (NRF)  
Competitive Research Programme – S$9 million

3 NMRC Open Fund Large Collaborative Grant
a. Immunotherapy – S$16.7 million to NCCS  

out of S$25 million awarded
b. Lung Cancer – S$5.7 million to NCCS  

out of S$10 million awarded

4 A*STAR Industry Alignment Fund
a. Pre-Positioning – S$6.8 million
b. Industry Collaboration Project – S$1.48 million

5 NMRC Individual Research Grant
a. Clinician-Scientist – S$4.62 million
b. Open Fund – S$1.32 million

6 Other National Competitive Grants – S$9.78 million

Figure 1. Total competitive research project grant amount received for 
financial years 2013 to 2017 for comparison. Amounts in FY2013 and 
FY2017 exclude the Centre Grants ($26 Million and $20 Million, respectively).

Figure 2. Breakdown of Industry Alignment Fund (IAF) grants by cancer type 
for financial years 2014 to 2017 for comparison.
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A s I took over the reins of the National Cancer 
Centre Singapore (NCCS) in November last year,  
I see high-quality medical care being given 

together with top-notch medical research. I am deeply 
encouraged by how the research work here inspires 
good clinical care while aspiring us to innovate beyond 
conventional medical care. 

We have recently achieved significant international recognition for our research 
and were the first Asian team to win the American Association for Cancer Research 
(AACR) Team Science Award. I attended the award ceremony in a hall of close 
to 20,000 people in Chicago to witness the event, together with our Singapore 
Ambassador to the US. The awardees included Prof. Bin Tean Teh, Prof. Soon 
Thye Lim and Dr. Choon Kiat Ong from the NCCS as well as Prof. Patrick Tan and  
Prof. Steve Rozen from Duke-NUS Medical School, in addition to awardees from 
Japan, Thailand and Taiwan. The award was for their work on Asian-specific 
cancers, one of which was for the identification of genes that contributed to  
NK T Cell lymphoma. This discovery has led to a potentially new drug that may 
help treat NK T-Cell Lymphoma. 

At the 2018 National Medical Research Council (NMRC) awards, the Ministry of Health (MOH) awarded $60m to three research 
projects. Two of these research projects were from our Centre. These were V.I.C.T.O.R.Y. (Virus-Induced Cancer: Translations Oncology 
Research & ImmunologY Consortium) and Lung Cancers (Next Generation Clinical Trials and Integrative Research for Fighting Lung 
Cancer). On top of that, close to half of those who received the Clinician-Scientist awards were from the NCCS.

We have also scored many great results from our research. Let me mention a few to give you a flavour of the high-standards of the 
work being carried out at the NCCS: 

One of them is Prof. Kanaga Sabapathy’s research into the major tumour suppressor gene, p53. Together with A*STAR chief scientist, 
Prof. Sir David Lane, also widely known as one of the founders of the p53 protein, they developed new antibodies against each p53 
mutant subtype, which could potentially be used to treat almost half of all human cancers. 

Another example is the work of Assoc. Prof. Gopal Iyer and Dr. Daniel Tan, who identified a new gene (in a non-coding region) 
that affects the prognosis of patients with head and neck cancers. This work was published in Nature Medicine, one of the most 
prestigious journals in science and medicine. 

This year also saw the launch of the PuRPOSE lab, a collaborative precision oncology initiative headed by Prof. Pierce Chow for liver 
cancers in collaboration with A*STAR.

Our research outputs continue to show high competitiveness. Each year, our discoveries are published in high-impact factor medical 
and scientific journals, and our doctors are winning prestigious awards annually at the American Society of Clinical Oncology (ASCO) 
for their work.

We are in the process of moving forward to prepare for the advent of proton treatment at our Centre by 2022. Besides the  
Goh Cheng Liang Proton Therapy Centre, the new NCCS building will also be home to a clinical GMP facility to support clinical trials 
in immunotherapy.

In wrapping up, let me thank Prof. Oi Lian Kon, who is retiring as Principal Investigator Mentor, for her excellent leadership through the 
years. She herself has contributed much to the research on gastric cancers, among other cancer types. Prof. Kon will be succeeded by  
Assoc. Prof. Gopal Iyer, one of NCCS’ accomplished clinician-scientists. This will assure that the NCCS continues to put the best people 
to do the best research to give the best hope to our patients.

PROFESSOR WILLIAM HWANG 
Medical Director

National Cancer Centre Singapore  
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On 1 April 2018, the Community Cancer Fund was dissolved and its trust funds managed by the SingHealth Fund. 
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To stay competitive and to elevate the quality of research 
projects, we hope to see increased collaborations between 
basic and clinician-scientists, with the ultimate goal of 
impacting patient care. In addition, new areas of interest are 
being established, and necessary resources are being put in 
place to ensure their smooth operation. For example, two 
areas of cancer treatment will play increasingly important 
roles: proton and immune/cell therapy. Although our proton 
therapy centre will not be ready for another 3 to 4 years, we 
have started our research efforts through philanthropic funding 
by the Goh Foundation, Singapore, and a Competitive Research 
Programme (CRP) grant. To meet the expected demand for 
immune/cell therapy for cancer, more than 12 facilities with 
good manufacturing practices will be established and housed 
in the new NCCS building. Already, significant research into 
cell therapy is underway. These efforts are expected to grow 
exponentially, especially with Large Collaborative Grant (LCG) 
funding. To stay at the forefront of cancer research, we have 
recently established a single-cell core facility. Moving forward, 
we hope to set up a clinical cancer genomics platform that is 
CLIA (Clinical laboratory Improvement Amendments)-certified 
to allow in-house clinical testing. We further aim to construct 
a tissue bank for the collection and storage of samples (blood, 
urine, stool, tumours) from our cancer patients to facilitate 
our translational research; this will allow correlation studies 
between clinicopathological data, drug response, genomics, 
epigenomics and immunological data. 

We will continue to strive for excellence in basic, translational, 
and clinical research. We place an emphasis on collaboration 
and team science, as we believe this to be the most effective 
way to achieve the best science and its translation to clinical 
impact. We at the NCCS are looking forward to the completion 
of the new NCCS building, a 24-storey building that will house, 
among many other facilities, a new comprehensive proton 
therapy treatment centre. It is estimated that, by 2021, the 
entire research operation will move to the new NCCS building. 
With significantly larger research space, we are hoping to 
increase the number of our research stuff. Hopefully, most if 
not all cancer-related researchers from this campus will come 
together under one roof as members of the National Cancer 
Research Institute (NCRIS), a new entity that will administer, 
coordinate and synergise all cancer-related research activities 
in the Singhealth/DUKE-NUS Academic Medicine Centre. 

After all, our ultimate goal is to help our patients!

In terms of publications, we have published a total of 515 papers 
in FY2016 – 2017, with 85 of these publications in journals 
with impact factors above 10. Notably, these high-impact 
publications led by NCCS teams include papers published in 
Nat Genet, Nat Med, Nat Comm, Cancer Cell, Cancer Discov, and 
Science Transl Med. Our scientists and clinician-scientists have 
also achieved international recognition in being selected to 
present their work at American Society of Clinical Oncology 
(ASCO), American Society for Radiation Oncology (ASTRO), and 
American Association for Cancer Research (AACR). Notably, 
three members of the NCCS were part of the team that won the 
prestigious AACR team science award; this marked the first time 
that this award was given to an Asian team in its 12-year history. 
The AACR award recognises the team’s efforts in leveraging 
a diverse suite of complementary genomic technologies to 
illuminate the underlying causes and key disrupted molecular 
pathways in Asian-prevalent cancers to enhance prevention 
and treatment.

Figure 3. Total number of publications for financial years 2013 to 2017  
for comparison.
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Associate Professor Gopal Iyer

8 Professor Soon Thye Lim
Deputy Medical Director (Clinical), NCCS
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Associate Professor Darren Lim
Senior Consultant, Division of Medical Oncology, NCCS 

9 Dr. Kam Weng Fong
Head, Division of Radiation Oncology, NCCS

ALTERNATE: 

Dr. Jeffrey Tuan
Senior Consultant, Division of Radiation Oncology, NCCS

10 Dr. Choon Hua Thng
Head, Division of Oncologic Imaging, NCCS
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ALTERNATE: 
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Thoracic Medical Oncology 
University of Texas, MD Anderson Cancer Center

Professor Patrick Maxwell

Regius Professor of Physic and  
Head of the School of Clinical Medicine 
University of Cambridge

Professor Webster K. Cavenee

Cancer Research Director of Strategic Alliances  
in Central Nervous System Cancers, 
Ludwig Institute for Cancer Research

Distinguished Professor  
University of California, San Diego

Professor Michael B. Kastan

Executive Director, Duke Cancer Institute

William and Jane Shingleton Professor,  
Pharmacology and Cancer Biology

Professor of Pediatrics 
Duke University School of Medicine
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2 FEB, THE STRAITS TIMES 

4 MAY, TODAY 

26 OCT, THE STRAITS TIMES 

27 OCT, THE STRAITS TIMES 

28 APR, THE STRAITS TIMES 

13 OCT, LIANHE ZAOBAO 

26 OCT, LIANHE ZAOBAO 

15 NOV, THE STRAITS TIMES 

7 medical organisations to research on  
targeted treatment for liver cancer

East Asians with abnormality in genes  
are at higher risk of rare lymphoma 

3 FEB, THE STRAITS TIMES

7 JUL, THE STRAITS TIMES 

21 JUL, THE STRAITS TIMES 

17 MAR, THE STRAITS TIMES 

10 SEP, LIANHE ZAOBAO 

More specific treatment for  
bile duct cancer in future

23 OCT, SHIN MIN DAILY 

Aristolochic acid found in Chinese herbs  
linked to liver cancer 

Conference on gene mutation

The 17th International p53 Workshop, led by NCCS 
and A*STAR was held in Singapore for the first time. 
Among the findings presented was a breakthrough 
by research team led by Prof. Kanaga Sabapathy 
(NCCS) and Prof. Sir David Lane (A*STAR), who found 
a way to detect p53 selectively using antibodies 

that are specific to each p53 mutant. 

7 NOV, LIANHE ZAOBAO 

NCCS and biotech firm partner  
to improve cancer treatments 

National Cancer Centre Singapore  
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LIVER  
CANCER

CANCER THERAPEUTICS

PROTON BEAM THERAPY

CANCER GENETICS

SUPPORTIVE & PALLIATIVE CARE RESEARCH

TRANSLATIONAL IMAGING

LUNG  
CANCER LYMPHOMA

HEAD  
AND NECK  
CANCERS

WOMEN’S 
CANCER UROLOGY

PERITONEAL 
DISEASE AND 

SARCOMA

GASTRO-
INTESTINAL 
CANCERS

D I S E A S E  F O C U S

14 FEB, THE STRAITS TIMES 

11 APR, LIANHE WANBAO

24 APR, LIANHE ZAOBAO

30 APR, LIANHE WANBAO

28 FEB, THE STRAITS TIMES 

18 APR, THE STRAITS TIMES 

26 APR, THE STRAITS TIMES

Nasopharyngeal Cancer prediction tool to help  
patients with relapse choose the treatments

Radiotherapy used to treat liver cancer

New lab for faster treatment for liver cancer patients

22 MAY, THE STRAITS TIMES
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 LIVER CANCER
 LUNG CANCER
 LYMPHOMA 
 GASTROINTESTINAL CANCERS 
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Central to the challenge of HCC is the absence of efficacious 
systemic therapy, which can augment ablative or loco-regional 
therapies. The highly heterogeneous intra- and inter-patient 
genomic, immunomic, and metabolic profiles of HCC remain 
incompletely understood, and there is currently no validated 
therapeutic biomarker for the cancer. Liver cancer research at 
the NCCS spans the entire spectrum of Discovery, Translation 
and Application to address this urgent unmet clinical need.  
Fundamental research on molecular carcinogenesis and 
genomics anchors the programme at one end, with  
translational research on immunomics, targeted therapies, 
and in vivo models linking these facets to clinical research.  
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 LIVER CANCER 

Hepatocellular carcinoma (HCC) continues to pose a significant unmet clinical need that 
can only be addressed by rigorous and sustained translational and clinical research. 
Despite being the sixth-most common cancer worldwide, it is the second-most 

common cause of cancer-related deaths globally. Unfortunately, almost 80% of all HCC cases 
are found in the Asia-Pacific region, because of the high incidence of viral hepatitis and the 
increasing rates of steato-hepatitis. Although early-stage HCC can be treated with potentially 
curative ablative therapies, such as surgical resection, most patients present at intermediate or 
advanced stages of the cancer. 

LIVER CANCER 
BY KAM MAN HUI AND PIERCE CHOW 

FROM EARLY DIAGNOSIS TO TREATMENT OF HEPATOCELLULAR CARCINOMA  
– THE NCCS INNOVATION CONTINUUM

The clinical end of the research spectrum is linked to the NCCS-
led 40-member, multi-centre Asia-Pacific Hepatocellular 
Carcinoma Trials Group, which has conducted six prospective 
multi-centre trials. 

Translational research at the NCCS leverages on three nationally 
funded programmes, namely the NMRC Translation-Clinical 
Research Flagship Programme in Liver Cancer, the NMRC 
Large-Collaborative Grant Virus-Induced Cancer: Translational 
Oncology Research & immunology programme and 
the BMRC IAF-PP funded Patient-specific diagnostic and 
predictive platform for Precision Medicine in HCC.

The Laboratory of Molecular Carcinogenesis 
(Prof. Kanaga Sabapathy) focuses on the 
mechanistic basis of cancer development and 
resistance to therapeutic drugs, and translates 
the findings to generate effective therapies for 
cancer. Multiple, nationally funded projects 
are undertaken by the team. “Generation 
and Characterisation of Mouse Models for 
Cancers” focuses on: 1) Understanding the 
development of liver cancers, especially those 
that arise in conjunction with hepatitis B virus, 
to identify biomarkers for early detection and 
altered molecular pathways for therapeutic 
targeting; 2) Generating mouse models to 
recapitulate the development of liposarcomas 
for testing novel treatment modalities; and 
3) Understanding the cellular basis of breast 
cancer development, with a particular focus 
on the role of the stromal microenvironment 
in contributing to breast neoplasms. The 
use of the mouse as a model organism has 
provided us with significant advantages in our 
understanding of multiple cancer types.

“Targeting p53 Family Members” characterises the various p53 
mutants identified in humans, which has led to the concept of the 
“rainbow of p53 mutants”, all of which display varying degrees of 
oncogenic potential. Based on this concept, we have developed 
novel, first-in-class, mutation-specific antibodies that are useful 
in the clinical diagnosis of mutants. We are working toward using 
these antibodies, as well as mutation-specific siRNAs, to target 
mutant p53 to improve treatment. Similar work is also underway 
to understand the functions of p73—a homologue of p53—to 
target its oncogenic functions in tumours.

The Bek Chai Heah Laboratory of Cancer Genomics (Prof. 
Kam Man Hui) employs unbiased genome-wide strategies 
to survey relevant human HCC tissues to identify key genes/
regulatory pathways that are altered in HCC. The laboratory seeks 
to understand how these changes affect the carcinogenesis of 
HCC with the aim of modulating these regulatory pathways to 
combat HCC. Molecular evidence is systematically gathered and 
clinically corroborated to discover molecular biomarkers that, 
independently from clinical risk factors, can provide clinically 
meaningful avenues for designing strategies to decipher the 
underlying molecular networks leading to HCC recurrence. This 
in turn is used to identify reliable diagnostic and prognostic 
molecular biomarkers and to develop novel therapeutics for 
HCC. The group has recently identified microtubule-associated 
Protein Regulator of Cytokinesis 1 (PRC1) as a new factor 
that is overexpressed in HCC and that promotes recurrence. 
Deciphering the role PRC1 plays in cell proliferation and 
migration helped to explain how PRC1 activates the Wnt/β-
catenin pathway and how its expression is controlled by Wnt 
signalling (Chen et al., Gut, 2016). To address metastatic HCC 
disease, the group collaborates with the Institute of Molecular 
and Cell Biology, Singapore. In a recent paper, the group show 
that, compared with its Golgi-localised counterpart, ER-G1 
glycosylates the matrix metalloproteinase MMP14, a process 
required for tumour expansion (Nguyen et al., Cancer Cell, 
2017). The group has also explored novel therapeutics: the 
group recently synthesised a Pt nanocluster assembly (Pt-NA) 
composed of assembled platinum nanoclusters that incorporate 
a pH-sensitive polymer and HCC-targeting peptide to target 
chemo-resistant HCC (Xia et al., ACS Central Sci, 2016). Future 
research will focus on the identification and characterisation 
of molecular biomarkers to detect early HCC disease and to 
dissect the heterogeneity and drug resistance associated with 
HCC using CRISPR–Cas9-based strategies.

The Hepatobiliary Cancer Programme (Prof. Bin Tean Teh) 
focuses on genomic and epigenomic profiling of both HCC 
and cholangiocarcinoma (CCA). In collaboration with Prof. 
Steve Rozen of Duke-NUS and other international collaborators, 
the group recently found high frequencies of a mutational 
signature in HCC related to a known herbal carcinogen, 
aristolochic acid (AA), in certain Asian countries (Ng et al., 2017 
STM). This significant implication raises awareness of the risks of 
AA exposure and has led regulatory agencies to formulate strict 
policies on the use of AA-containing herbal supplements. 

The group also investigates liver fluke (collective name for 
parasitic worms)-related CCA, which is endemic in the northeast 
part of Thailand and neighbouring countries, including 
Cambodia and Laos, and in other parts of the world, including 

Singapore. This has led to the development of a CCA-specific 
programme at the International Cancer Genomic Consortium. 
The group published the first genomic landscape of fluke 
and non-fluke related CCA, identifying numerous novel CCA-
related genes and showing a difference in the spectrum and 
frequency of gene alterations between the two groups (Ong 
et al., Nature Genet, 2012; Chan-on et al., Nature Genet, 2013). 
The group’s latest integrated analysis of fluke and non-fluke-
associated CAA (Jusakul et al., Cancer Discov, 2017) revealed four 
molecular subtypes, laying the foundation for future umbrella 
clinical trials based on genomic and epigenomic profiles of the 
tumours. Importantly, the latter can be further manipulated and 
developed into biomarkers for early detection and screening, as 
well as for monitoring the disease.

The Liver Cancer Functional Genomics Laboratory (Assoc. 
Prof. Caroline Lee) has three major focuses. The first is to 
understand the role of chronic inflammation in tumorigenesis 
to facilitate the development of strategies to intervene with 
this process. FAT10 has been identified as a molecule that 
plays an important role in liver cancers associated with chronic 
inflammation. Currently, the group aims to determine how 
polymorphisms in the molecule modulate cancer risk, and 
are exploring strategies to target this molecule. The second 
focus is to elucidate the role of hepatitis B virus (HBV) in 
cancer development. Comprehensive characterisation of the 
integration of HBV into the host genome in patients with HCC 
at both the genomic and transcriptomic levels have been 
carried out, and chimeric HBV-human transcripts with variable 
potential for tumorigenesis have been observed. The third focus 
of the laboratory is to elucidate the role of various non-coding 
RNAs (including circular RNA, microRNAs and long noncoding 
RNAs) in HCC. The group has employed an integrative, big-data 
approach to identify clinically relevant networks of non-coding 
RNAs in the cancer pathway. Non-coding RNA networks are 
being characterised for their tumorigenic potential to identify 
novel molecular biomarkers that can be used to more accurately 
detect liver cancer at an early stage and/or predict responses to 
treatments and that can be used as targets for therapy.

The Laboratory of Molecular Endocrinology (Prof. The Hung 
Huynh) focuses on targeted therapies for solid tumours and 
the development of patient-derived xenograft (PDX) models. 
More than 250 xenograft tumour models, including models 
for HCC, gastric cancer, gastrointestinal stromal tumours, 
and lung and ovarian cancers, have been developed and 
utilised for discovery-driven translational research in HCC and 
gastric cancer. These xenografts are the basis of an important 
drug testing platform, especially for targeted and combined 
therapies. The group has profiled the protein expression, gene 
expression, and mutational analysis of these xenografts. This 
PDX platform is a recognised industry and academic leader 
in the areas of HCC and gastric cancer drug development, 
and represents a powerful in vivo model that can be used 
to investigate ways to repurpose drugs for new indications.  
The group is developing a humanised HCC mouse (HHM) model 
by the concurrent transplantation of human haematopoietic 
stem cells and MHC-mismatched HCC cells into the livers 
of NOD-scid IL2Rγnull mice; this will provide a cutting-edge 
technology for drug screening, especially for immunotherapy, 
target discovery, and validation.

Lab of Molecular 
Carcinogenesis

Discovery ApplicationTranslation

Lab of Liver 
Cancer Functional 

Genomics

Lab of Cancer 
Genomics

Hepatobiliary 
Cancer Programme Patient-derived 

xenografts Experimental Cancer 
Therapeutics Unit

Cancer 
Immunotherapy

Programme in Translational  
& Clinical Liver Cancer
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Associate Professor 
Han Chong TOH 
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The Programme in Translational and Clinical Liver Research 
(Prof. Pierce Chow) houses the NMRC Translational-Clinical 
Research Flagship Programme in Liver Cancer (A Multi-national 
Cohort Study on the impact of intra-tumoural genomic 
heterogeneity and the immune micro-environment on the 
Clinical Trajectory of Resected Hepatocellular Carcinoma – the 
PLANet study) and the BMRC IAF-PP-funded Patient-specific 
diagnostic and predictive platform for Precision Medicine in 
HCC – the PuRPOSE Platform. The NCCS leads these multi-
institutional programmes in collaboration with the Translational 
Immunology Institute (TII), Singapore; the Genome Institute of 
Singapore; the Institute of Molecular and Cell Biology (IMCB), 
Singapore; the Cancer Science Institute, Singapore; the National 
University Hospital, Singapore; Singapore General Hospital; and 
the Samsung Medical Center, South Korea. The PLANet study 
is a discovery programme that investigates the heterogeneity 
of the multiple “-omics” layers of HCC through multi-region 
sampling of HCC in a prospective surgical cohort from four 
countries (Zhai et al., Nat Comm, 2017). Recurrent cancer 
is sampled and interrogated to elucidate targetable driver 
mutations, immunomic profiles, and metabolomic moieties. 
Patient-derived progenitors and xenografts, verified by Sanger 
sequencing, have been created from the same samples, and 
a humanised mouse model has been successfully created 
through collaboration with IMCB (Chen et al., Gut, 2018). 

The PuRPOSE Platform is a high-throughput, patient-specific 
diagnostic and predictive platform that integrates genomics, 
immunomics, and clinical data, and delivers drug response 
screening results in clinically relevant timelines (~a few weeks) 
which is invaluable for patient selection in clinical trials and for 

therapeutic decision making. The programme collaborates with 
the Samsung Medical Center to re-purpose their proprietary 
AVATAR platform to HCC and subsequently to other cancers. 
Proof-of-principle data of the veracity of this platform in HCC 
has been obtained. 

The secretariat of the Asia-Pacific Hepatocellular Carcinoma 
(AHCC) Trials Group is also housed in this programme. The AHCC 
trials group completed their sixth multi-centre HCC trial in 2017 
(the SIRveNIB Study across 27 centres in 11 countries; see Chow et 
al., J Clin Oncol, 2018) and is currently conducting a nine-country, 
2,500-patient HCC registry in the Asia-Pacific region. 

The Laboratory of Cancer Immunotherapy (Assoc. Prof. 
Han Chong Toh) houses the NMRC Large-Collaborative Grant 
funded Virus-Induced Cancer: Translational Oncology Research 
& immunology programme (the VICTORY Programme). The 
group carries out multiple investigator-initiated and collaborative 
industry studies.

Early-phase clinical trials in HCC are carried out at the 
Experimental Cancer Therapeutics Unit (Dr. Su Pin Choo). 

The multi-disciplinary Comprehensive Liver Cancer Clinic is 
the clinical research interface in HCC and conducts multiple 
investigator-initiated and industry-sponsored studies. Seminal 
translational research demonstrating significant immune 
modulation of HCC with radio-embolisation has been recently 
completed in collaboration with TII (Chew et al., Gut, 2018).

TCR FLAGSHIP PROGRAM IN LIVER CANCER
Precision Medicine in Liver Cancer Asia-Pacific Network (PLANet study) JOINT LAB INTEGRATION PLATFORM

LIVER CANCER 

Professor Bin Tean TEH 

National Cancer Centre Singapore  
HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

Research Biennial Book  
2016-2018

16 17

PROGRAMMES: DISEASE FOCUS PROGRAMMES: DISEASE FOCUS



Smokers:
Many co-drivers

Tree structure

EGFR-mutant tumors:
Dominant driver 
(few co-drivers)

Tree structure

a b

S
iz

e

S
iz

e

LU
NG

 C
AN

CE
R LUNG CANCER 

NOTABLE ACHIEVEMENTS

At present, we have clinical data for approximately 6,000 patients 
with non-small cell lung cancer (NSCLC), of which about half 
have provided information about lifestyle and family through 
detailed, structured questionnaires. We have also amassed 
about 1,000 tumours, with accompanying blood and saliva 
samples, which be subject to genetic testing. In collaboration 
with the Genome Institute of Singapore, we have embarked 
on genome-wide association studies to delineate risk alleles 
to better understand the unusually high prevalence of EGFR 
mutations in the Asian population. Through partnership with 
the POLARIS programme, we have established next-generation 
sequencing in our pathology laboratories, where fit-for-purpose 
sequencing for stratification into clinical trials are ongoing. 
ATORG will further establish a molecular screening protocol 
(ATORG001) for up to 500 patients in Asia.

We have also been successful in obtaining consecutive 
flagship grants—Lung TCR (2013–2018), recent LCG 
renewal 2018–2022—maintaining a core group of thoracic 
researchers covering genomics, computational biology, 
translational immunology and disease biology with a focus on 
tumour metabolism, transcription regulators and evolutionary 
modelling of novel therapies and immunology. Through 
this group, we have undertaken multi-regional exome/RNA 
sequencing of EGFR-mutant NSCLC and have sequenced more 
than 250 Asian lung tumours to better understand the genomic/
transcriptomic landscape of NSCLC. We have also identified 
novel metabolic targets such glycine decarboxylase. This work 
has given us deeper insight into drug resistance as well as the 
evolutionary trajectories of smoking- and non-smoking-related, 
oncogene-driven NSCLC (Figure 2).

Figure 1: Current Interactions of the Lung Cancer Consortium, Singapore Figure 2: Smoking and non-smoking evolutionary trajectories. 

Lung cancer is one of the most common cancers in Singapore, with a high mortality to 
incidence ratio. Although the unique, local patient demographics of lung cancer led to 
many initial research efforts centred around epidermal growth factor receptor (EGFR) 

mutations, the disease has now become the “poster child” for precision oncology. The Lung 
Cancer Research Programme has been in place since 2007, initially set up as a platform to foster 
research between clinical departments on the Outram campus. Over the years, it has amassed a 
large clinical and molecular database across different disciplines. The Lung Cancer Consortium 
Singapore, has also further expanded to include other restructured hospitals and private clinics, 
and collaborates with other research institutes to perform cutting-edge translational research. 
More recently, a research and trials office was established within the NCCS to coordinate 
multinational studies in the Asia region (ATORG).

LUNG CANCER
BY DANIEL TAN 

We have further developed novel computational algorithms to 
de-convolute stromal vs. tumour- specific gene expression, as 
well as gene expression-based extracellular matrix scores for 
prognostication. Finally, our translational immunology group 
recently identified a cell-surface marker, CD39, which may 
identify a tumour antigen that recognises exhausted T cells 
specific to tumour antigens; this may potentially represent a high-
precision patient selection biomarker for checkpoint inhibition. 
Leadership in the field of lung cancer is further demonstrated by 
our involvement in the development of global guidelines for the 
International Association for Study of Lung Cancer.

In addition to ongoing involvement in pivotal clinical trials, 
we work closely with the phase I unit that has expanded in 
tandem with the Thoracic Programme, as many novel agents 
in lung cancer have demonstrated successes and even 
attained regulatory approval in early-phase trials. With many 
more oncogenic drivers amenable to targeted therapies 
(e.g., ALK, ROS1, BRAF, NTRK, RET), the Experimental Cancer 
Therapeutics Unit has been at the forefront of the development 
of targeted compounds and immunotherapy. For instance, 
our group played a key role in the Phase I – III development 
of ceritinib, one of the early second-generation ALK inhibitors.  
Broadening the biomarker repertoire to interrogate various 
druggable traits and develop rational combination therapies is 
a key research priority. By integrating the latest tools in genetic, 
experimental, and computational analyses, together with the 
use of the latest anti-cancer drugs, our goal is to innovate on 
current drug development approaches, accelerate timelines for 
drug approvals, and improve our understanding of lung cancer 
drivers and tumour heterogeneity.

A NATIONAL PLATFORM FOR TRANSLATIONAL RESEARCH

National Cancer Centre Singapore  
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LYMPHOMA
BY CHOON KIAT ONG AND SOON THYE LIM 

T he Lymphoma research programme in the NCCS is spearheaded by Prof. Soon Thye 
Lim alongside Dr. Choon Kiat Ong from the Lymphoma Genomics Translational 
Laboratory. This programme is built upon a strong collaborative foundation between 

oncologists, pathologists, and scientists, working synergistically toward a common goal 
of understanding the disease and finding better treatments for our patients. Taking on the 
“bench-to-bedside” approach, our research programme strives to shed light on genomic and 
molecular mechanisms that serve as drivers for disease initiation, promotion, and progression 
in the various subtypes of lymphoma (Figure 1). The discoveries from the basic research stage 
of this “bench-to-bedside” workflow lay the foundations upon which future diagnostic and 
therapeutic studies in the pre-clinical and clinical stages will arise. 

LEADERS IN GENOMIC 
SEQUENCING 

One of the team’s fortes is in genomic 
sequencing and analysis, and we are 
currently leading the whole-genomic 
sequencing of T- and NK-cell lymphoma 
in the International Cancer Genomic 
Consortium (ICGC). This platform has 
allowed us to study the complexities 
of these cancers. Sequencing works 
performed in other lymphoma subtypes 
have also enabled us to understand 
the influence of germline and somatic 
mutations on each subtype. Through 
these efforts, we have identified novel 
therapeutic targets and markers that 
are currently in development for clinical 
applications.

For example, following our genome-wide association study 
(GWAS) for diffuse large B-cell lymphoma (DLBCL), we 
performed a GWAS for natural killer/T-cell lymphoma (NKTL), 
which showed multiple gene aberrations associated with 
NKTL susceptibility. The 51 single nucleotide polymorphisms 
(SNPs) identified were mapped to the class II MHC region on 
chromosome 6, with the most significantly associated SNP 
(rs9277378) for NKTL located in a gene coding for an antigen 
receptor, thereby linking antigen processing and presentation 
to disease pathogenesis (Figure 2).

Lymphoma is a very heterogeneous disease and accurate 
diagnosis is an important aspect of improving patient outcomes. 

It is particularly important for T- and NK-cell lymphoma, as 
they are less studied and limited information is available. To 
improve the diagnosis of this group of lymphomas, we have 
collaborated with the National Institute of Health to perform 
microarray gene expression profiling, attempting to identify the 
expression signature for each subtype. Besides being able to 
identify and reclassify some of the PTCL-NOS (Peripheral T-cell 
lymphoma not otherwise specified) cases, the gene expression 
profiling further identified two major molecular subgroups in 
the remaining PTCL-NOS cases that were characterised by a 
high expression of either GATA3 (33%; 40/121) or TBX21 (49%; 
59/121). The GATA3 subgroup was significantly associated with 
poor overall survival (P = 0.01). The high expression of a cytotoxic  

Figure 1. “Bench-to-Bedside” approach of our programme.

PLANS FOR THE NEXT 2 TO 3 YEARS

1) Although low-dose CT (LDCT) screening to detect early-stage 
disease has conferred benefit amongst smokers, identifying 
the never-smokers who are at risk of lung cancer remains 
a challenge. We plan to adopt a blood-based biomarker 
detection strategy with LDCT screening to better select 
persons at risk or those who have developed early-stage 
cancer; this is expected to increase the chances of long-term 
survival. We believe this will enable risk-stratified lung cancer 
screening approaches for our unique patient population. 

2) Through the National Lung Molecular Profiling Programme, 
we plan to implement panel-based sequencing for all lung 
cancer patients in Singapore. This will allow us to better 
understand the natural history of each molecular subtype 
and facilitate subsequent enrolment to molecularly selected 
clinical trials. Patients without known driver alterations may 
be subject to deeper profiling with exome/RNA-seq, and we 
anticipate that novel targets may be discovered (e.g. GLDC) 
and either developed at A*STAR (Experimental Therapeutics 
Centre); or other industry partners.

3) We will continue to broaden our translational therapeutics 
programme, both in terms of identifying new compounds 
that address first-in-class targets and characterising the 
causes of drug resistance to targeted and immuno-therapy. 
Current plans also include exploring novel trial designs that 
consider the evolutionary potential of individual tumours,  
as well as basket umbrella concepts that are built around 
novel biomarkers.

HUMAN CAPITAL

The lung programme has provided a platform for training 
students, post-doctoral fellows (10) and clinician-scientists (4). 
At present, Dr. Amit Jain is an Associate Consultant furthering 
his interest in cell therapy and undertaking a PhD under the 
supervision of Prof. Dario Campana. We have also trained 
fellows and early career faculty members who continue to 
pursue translational research in thoracic oncology and have 
won international awards for their research (Dr. Wan Ling Tan, 
Dr. Gillianne Lai and Dr. Aaron Tan). The ongoing programme 
will provide ample training opportunities for biologists, 
computational scientists, coordinators and clinicians.

Dr. Daniel TAN 
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gene-signature within the TBX21 subgroup also showed poor 
clinical outcome (P = 0.05). In angioimmunoblastic T-cell 
lymphoma (AITL), high expression of several signatures in the 
tumour microenvironment was significantly associated with 
outcome, with a combined prognostic score predictive of 
survival in an independent cohort (P = 0.004). This contributes 
to the growing wealth of knowledge in terms of PTCL 
characterisation, and we are currently extrapolating these 
findings onto alternative platforms for clinical implementation 
and commercialisation of a diagnostic system. 

Besides NKTL, we are also leading the research on monomorphic 
epitheliotropic intestinal T-cell lymphoma (MEITL), a fatal 
subtype of T-cell lymphoma with limited treatment options. 
We identified frequent alterations in the Janus kinase/signal 
transducers and activators of transcription (JAK–STAT) and 
G-protein-coupled receptor (GPCR) signalling pathways in 
patients with MEITL. We further demonstrated that these 
alterations are targetable by inhibitors of both the JAK–STAT and 
mitogen activated protein kinase–extracellular signal regulated 
kinase (MEK–ERK) transduction pathways, indicating potential 
therapeutic strategies for this 
neoplasm. Importantly, to 
the best of our knowledge, 
we have established most 
probably the world’s first 
patient-derived xenograft 
(PDX) models for MEITL for 
the preclinical study of these 
inhibitors, hoping to bring 
these therapeutic options to 
patients in the near future. 
This study demonstrated our 
capability to translate basic 
discoveries to preclinical 
models and toward clinical 
applications.

To effectively bring findings 
from the basic discoveries 
to pre-clinical studies, 
we have established an 
inventory of Patient Derived 
Xenografts (PDX) models for 
several other subtypes of 
lymphoma including DLBCL,  

Figure 2. Association of SNPs within the broad HLA region of natural  
killer/T-cell lymphoma.

NKTL, and PTCL, in addition to MEITL (Figure 3). These PDX 
models are relevant for in vivo therapeutic drug testing and 
are highly sought-after by many pharmaceutical companies. 
To make PDXs relevant to immunotherapy, we are currently 
generating humanised mouse models. For the same purpose, 
we have also established a syngeneic mouse model to 
characterise some of the novel therapeutic targets identified in 
our basic discovery research.

RESEARCH COLLABORATION

Our effective cross-island and regional collaborations are enhanced 
by the established Singapore Lymphoma Study group and the 
Asian Lymphoma Study group, respectively. In this programme, 
various scientists and clinicians from different departments here 
at the NCCS lend their expertise and knowledge to the many 
different facets of our research, boosting its robustness. 

For instance, support from Prof. Balram Chowbay, with his 
expertise in pharmacology, is used to further characterise 
the pharmacokinetics and pharmacodynamics of candidate 
drugs shortlisted from our ongoing study involving novel JAK3 
inhibitors. At the same time, the influence pharmacogenomics 
has on the efficacy and bioavailability of these drugs across 
the different ethnic groups will be investigated in future early-
phase clinical trials. 

Collaborating with other laboratories in the NCCS could also 
provide a viable option to further our understanding of various 
disease subtypes. Dr. Jiancheng Hu leads the laboratory of 
Cancer Signalling. His team specialises in cancer signalling 
pathways including the MEK–ERK cascade. In our previous 
whole-exome sequencing study, this particular pathway 
was shown to contribute to the pathogenesis of the MEITL.

Figure 3. Development of patient-derived xenograft (PDX) animal models has allowed us to conduct various 
studies, including drug testing and the characterisation of novel therapeutic targets. 

Figure 4. Mechanism of activation of the 
nuclear factor-κB (NF-κB)pathway in activated 
B cell-like–diffuse large B-cell lymphoma 
(ABC-DLBCL). Mutations in four proteins: 
cluster of differentiation 79 A and B (CD79A/B), 
myeloid differentiation primary response 88 
(MYD88), caspase recruitment domain family 
member 11 (CARD11) and tumour necrosis 
factor alpha induced protein 3 (TNFAIP3) are 
implicated in the B cell receptor-dependent 
and independent activation of the NF-κB 
pathway. The signal transducer and activator 
of transcription 3 (STAT3) signaling pathway 
is indirectly modulated by phosphoinositol-3-
kinase (PI3K) via NF-kB target genes interleukin 
10 (IL-10) and IL-6. Negative crosstalk between 
PI3K and Bruton non-receptor protein-tyrosine 
kinase (BTK) results in a rebound activation of 
p-BTK and p-AKT upon inhibition of PI3K and 
BTK, respectively. BTK inhibitor, ibrutinib, with 
PI3Kα/δ inhibitor, copanlisib, offers a promising 
combination therapy to prevent tumour survival.

Furthermore, we showed that an oncogenic mutation in the 
Gα subunit of the G-protein causes an upregulation in ERK 
phosphorylation, which drives cancer progression. Dr. Hu’s 
specialty in the MEK–ERK signalling pathway offers a potential 
collaboration to fully decipher the mechanisms of aberrant 
MEK–ERK signalling, and could lead to discoveries of new 
treatment strategies and novel therapeutic targets. 

We also team up with many cancer specialists and scientists from 
local institutions: Dr. Yuh Shan Lee, Dr. Nicholas Grigoropoulos, 
and Dr. Chandramouli Nagarajan from the Singapore General 
Hospital (SGH), Prof. Wee Joo Chng and A/Prof. Siok Bian Ng 
from the National University Cancer Institute Singapore, and  
Dr. Chiea Chuen Khor of the Genome Institute of Singapore. 
These partnerships run the gamut from performing basic 
science research to conducting clinical trials. Internationally, we 
have partnered with notable collaborators from leading cancer 
institutes from China, Korea, and Hong Kong. 

INDUSTRY PARTNERSHIPS 

Our programme has garnered the support of various industry 
partners, which has created many new opportunities for research. 

In collaboration with Bayer Pharmaceuticals, we have discovered 
that simultaneous blocking of PI3Kα and PI3Kδ dramatically 
enhances the anti-tumour profile in activated B cell-like–diffuse 
large B-cell lymphoma (ABC-DLBCL) models compared with 
selective inhibition of PI3Kδ, PI3Kα, or Bruton non-receptor 
protein-tyrosine kinase (BTK). The anti-tumour activity was 
associated with the suppression of p-Akt and blocking NF-κB 
activation driven by CD79mut, CARD11mut, TNFAIP3mut, or 
MYD88mut (Figure 4). Inhibition of PI3Kα/δ resulted in tumour 
regression in an ibrutinib-resistant CD79BWT/MYD88mut patient-
derived ABC-DLBCL model. Furthermore, the rebound activations 
of BTK and AKT were identified as a mechanism limiting a robust 
response from CD79Bmut-ABC-DLBCL to PI3K and BTK inhibitor 
monotherapies. A combination of ibrutinib with the PI3Kα/δ 
inhibitor copanlisib produced a sustained complete response 

in vivo in CD79Bmut/MYD88mut ABC-DLBCL models. Based 
on these findings, a tripartite (Bayer, Janssen and NCCS) clinical 
trial in DLBCL is currently being proposed, demonstrating the 
effectiveness of our translational research programme. 

Our earlier works in identifying novel therapeutic targets in 
NKTL have discovered frequent JAK3 activating mutations in 
this Asian-prevalent disease. This discovery led to a collaborative 
study with Principia Biopharma to characterise a novel JAK3-
specific inhibitor, PRN371, for clinical application. PRN371 
effectively suppresses NKTL cell proliferation and induces 
apoptosis through abrogation of JAK3-STAT signalling. Moreover, 
the activity of PRN371 has a more durable inhibition on JAK3 
compared with tofacitinib in vitro, leading to significant tumour 
growth inhibition in a NKTL xenograft model harbouring a JAK3 
activating mutation. These findings provide a novel therapeutic 
approach for the treatment of NKTL. Building on these studies, 
we are currently screening and testing novel JAK3-specific 
inhibitors in collaboration with SYNthesis Pte Ltd, an Australian-
based medicinal biochemical company with expertise in JAK 
inhibitor design. This project is supported by an initial funding 
from National Health Innovation Centre Singapore, and we 
hope our effort in characterising these compounds will lead to 
clinical trials, benefiting these patients. 

CLINICAL TRIALS

Our team of clinician-scientists and researchers are involved 
in a wide spectrum of clinical trials, ranging from early-phase 
studies to international, randomised, phase III studies. In 
conjunction in Servier, we ran a phase I study of a novel BCL2 
inhibitor in relapsed and refractory B-cell lymphomas. We also 
recently completed an investigator-initiated phase I study of 
selinexor in combination with ICE (ifosfamide, carboplatin, 
etoposide) in relapsed and refractory T-cell lymphomas. 
We have two ongoing investigator-initiated phase II clinical 
trials for patients with relapsed/refractory DLBCL that we are 
conducting with SGH; ibrutinib with RICE (rituximab, ifosfamide, 
carboplatin, etoposide) for transplant eligible and lenalidomide 
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with RGDP (rituximab, gemcitabine, dexamethasone, cisplatin) 
for transplant-ineligible DLBCL patients. Together with LYSA, 
the French lymphoma research cooperative group, we are 
part of an international, randomised phase III study comparing 
Romidepsin-CHOP versus CHOP in the first-line treatment 
of T-cell lymphomas. We are also running various other 
pharmaceutical-sponsored and investigator-initiated studies in 
the setting of relapse or refractory B- (including primary central 
nervous system lymphoma) and T-cell lymphomas with Bayer, 
Janssen, Roche, and Bristol-Myers Squibb, Pte. Ltd. 

AWARDS & ACHIEVEMENTS 

Over the years, we have managed to clinch several notable 
accolades. Recently, our team was awarded the American 
Association for Cancer Research (AACR) Team Science Award, 
for our work in furthering the knowledge of Asian-prevalent 
cancers while contributing to the progress of cancer detection, 
treatment and prevention. Members from the laboratory  
have also been invited to speak and present their work at 

multiple local and international conferences, providing another 
platform for them to share their knowledge with the scientific 
community. Our work has also been published in numerous 
high-impact journals, such as Leukemia, Nat Genet, and  
Lancet Oncol. 

FUTURE WORKS

In the years to come, we will be extending our genome-wide 
association studies to PTCL and AITL, with hopes to uncover 
the genomic profile and characteristics of these diseases. The 
laboratory will also focus on elucidating the various mechanisms 
involved in refractory and relapsed B-cell lymphomas, paying 
particular attention to DLBCL. 

This knowledge will provide the necessary edge that is 
required to fulfil the unmet clinical need of drug resistance, a 
tricky task that has complicated the successful treatment of 
cancer. Greater insight into these diseases would thus allow for 
improved clinical outcomes and survival rates for our patients.

GASTROINTESTINAL CANCERS
BY IAIN TAN, CLARINDA CHUA, SI-LIN KOO, MATTHEW NG, JUSTINA LAM, JOHNNY ONG, GRACE TAN,  
CONNIE YUP AND TIAN RUI SIOW

Gastrointestinal (GI) cancers—collectively oesophageal, stomach, small intestinal, 
colon, rectal and anal cancers—rank amongst the world’s most frequent cancers 
and are the leading cause of cancer-related deaths. Globally, stomach cancer is the 

second-leading cause of cancer death. In Singapore, colorectal cancer is the most frequent 
cancer among males and the second-most common among females. 

To frame the pertinent questions that our scientists and clinicians (identified by name in the appropriate sections below) are 
addressing together, here we describe several observations of the natural history of GI cancers and the corresponding treatment 
paradigms employed for patients with different stages of pre-invasive and invasive cancer. We are also keen to work with like-minded 
collaborators to advance our knowledge and understanding of GI cancers. 

1 Cancer Predisposition

Gastric cancer is disproportionately common in Asia. Colorectal 
cancer is the most common form of cancer in Singapore and 
the fourth-most common cancer globally. The epidemiological, 
environmental, and genetic factors that contribute to these high 
prevalence cancers are not certain.

What epidemiological factors and gene–environment 
interactions predict predisposition to developing 
GI cancers? What biological insights could inform 
interventions that may mitigate GI cancer risk for 
predisposed individuals? 

Investigators: Dr. Dawn Chong, Dr. Joanne Ngeow

2 Pre-invasive Disease and Diagnosis of Early-Stage GI cancers

Pre-invasive lesions are well recognised in both stomach and 
colon cancers, and stepwise models of the molecular events 
underlying their progression from pre-invasive to invasive disease 
have been proposed. However, interventions that can retard or 
reverse these processes are currently unknown. In colon cancer, 
randomised trials show that population-based screening and 
targeted screening in high-risk populations can lead to reductions 
in population colon cancer-specific mortality. In gastric cancer, 
population-based screening is also employed in high-risk 
countries. The current techniques involve invasive procedures for 
which test capability can be improved.

What are the key oncogenic processes in early disease that 
determine progression to invasive cancer? What novel 
biological insights might inform innovative technologies 
that enable the early detection of pre-invasive disease 
and novel treatment strategies to halt the progression of 
pre-invasive lesions to invasive disease? What biological 
insights inform innovative screening interventions 
or improve existing methods that allow for the early 
detection/diagnosis of GI cancers at a stage of disease  
early enough that intervention can lead to a population 
cancer-specific mortality reduction? 

Investigators: Dr. Dawn Chong, Dr. Iain Tan

3 Treatment of Early-Stage GI Cancer

Surgery is curative in only a proportion of patients with GI cancers. 
Many patients develop locally recurrent disease and/or metastasis. 
Adjuvant chemotherapy and/or radiotherapy prevent metastasis in 
a small subset of patients, further improving the cure rate. It is not 
presently possible to accurately predict which patients will (1) only 
require surgery; (2) be cured with adjuvant therapy; or (3) relapse 
and develop clinical metastasis despite optimal therapy.

What is required to risk-stratify patients and thus 
prescribe optimal therapy without unwarranted 
adverse effects? What biological insights about the 
metastatic process could inform the development of 
innovative treatments?

Investigators: Dr. Clarinda Chua, Dr. Iain Tan, Adj. Prof. Melissa Teo, Dr. Michael Wang, Dr. Matthew Ng, Dr. Francis Chin
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4 Surveillance in Initial Early-Stage GI Cancer

In colon cancer, randomised studies show that surveillance 
programmes designed to monitor and detect early recurrence 
can improve overall survival. However, current techniques still lack 
sensitivity and specificity. 

Can we develop better tools to permit the early 
detection of recurrent GI cancers to lead to better cure 
rates amongst patients with recurrent GI cancers? 

Investigators: Dr. Iain Tan, Dr. Matthew Ng, Dr. Clarinda Chua

5 Survivorship in Early-Stage GI Cancers

Most patients with early-stage GI cancers can be cured of  
their cancer.

Can we scientifically assess the needs of patients with 
early-stage colon cancer and develop better platforms 
to enhance survivorship programmes in patients with 
early-stage GI cancers?

Investigators: Dr. Dawn Chong, Adj. Prof. Melissa Teo

6 Treatment of Advanced GI Cancer

Some patients with stage IV colon cancer disease can be cured. 
In a proportion of patients with oligo-metastatic disease, a 
combination of surgery to remove all visible disease and post-
operative chemotherapy can lead to durable disease remission and 
even cure. Nonetheless, advanced GI cancers are incurable for most 
patients. However, advances in palliative systemic chemotherapy 
and locoregional therapy, such as radiation, have substantially 
prolonged overall survival, provided palliation of symptoms, and 
improved quality of life. The major impediment to durable disease 
control is the almost inevitable emergence of resistance to therapy. 
Peritoneal carcinomatosis—common in GI cancers in particular—
contributes to substantial morbidity and mortality.

Can we improve the effectiveness of cytoreductive 
therapies to increase the proportion of patients with 
advanced GI cancer who can be considered for surgery 
with curative intent? Can we leverage on biological 
insights to identify novel targets, develop new treatment 
strategies, and re-purpose existing treatments to 
improve the quality and duration of life in patients 
with advanced colorectal cancer? Can we better 
understand the mechanisms underlying drug resistance 
and formulate therapeutic approaches to prevent or 
overcome drug resistance? 

Investigators: Dr. Matthew Ng, Dr. Clarinda Chua, Adj. Prof. Melissa Teo, Dr. Iain Tan

7 Peritoneal Disease

Approximately 20% of patients with colorectal and gastric cancers 
develop peritoneal metastasis during the course of their disease. 
Diagnosis is often late due to the lack of specific symptoms 
and low sensitivity of diagnostic imaging. Unlike liver and lung 
metastasis, systemic chemotherapy has limited efficacy against 
peritoneal metastasis. However, the introduction of cytoreductive 
surgery combined with hyperthermic intra-peritoneal 
chemotherapy (HIPEC) has provided hope for a curative treatment 
for a subset of patients. Up to 20% of patients with colorectal 
peritoneal metastasis can now hope for a 5-year survival with this 
therapy, without evidence of disease. Despite this, an analysis of 
more than 10,000 patients with colorectal cancer clearly defined 
peritoneal metastasis as the worst prognostic factor when 
compared to those with liver and lung metastasis. Our team in 
the NCCS has identified critical paracrine factors involved in the 
pathogenesis of colorectal peritoneal carcinomatosis. Currently, 
we are exploiting the advantage of being able to administer high 
doses of monoclonal antibodies and biologics into the peritoneal 
cavity in mouse models in vivo. From a clinical front, we are 
testing the efficacy of adjuvant HIPEC in colorectal cancers at high 
risk of developing peritoneal metastasis. Over the next 3 years, 
we envisage combining our scientific breakthroughs with our 
experience in early-phase clinical studies to plan a phase III study 
tackling peritoneal carcinomatosis in colorectal cancer.

Can we improve the effectiveness of cytoreductive 
therapies to increase the proportion of patients with 
advanced GI cancer who can be considered for surgery 
with curative intent? Can we leverage on biological 
insights to identify novel targets, develop new treatment 
strategies, and re-purpose existing treatments to 
improve the quality and duration of life in patients 
with advanced colorectal cancer? Can we better 
understand the mechanisms underlying drug resistance 
and formulate therapeutic approaches to prevent or 
overcome drug resistance? 

Investigators: Dr. Matthew Ng, Dr. Clarinda Chua, Adj. Prof. Melissa Teo, Dr. Grace Tan

8 Immuno-refractory State of GI Cancers

Immunorefractoriness is a state that characterises most GI 
cancers (except for those with high-level microsatellite instability) 
with poor (gastric) to nearly no (microsatellite stable metastatic 
colorectal cancer) clinical responses with PD1/PDL1 axis 
checkpoint inhibition. Yet, data suggests that native immune 
responses in GI cancers are related to prognosis and outcomes. 
This argues against the therapeutic immune-refractoriness of GI 
cancers and represents a large area of unmet need and untapped 
potential. We have a multi-omics, multi-platform profiling study of 
the tumour immune microenvironment in colorectal cancers. We 
also have a neoantigen vaccine study in advanced colorectal and 
liver cancer. We have an ongoing prospective study evaluating the 
intratumoral PD-L1 expression and tumour infiltrating lymphocyte 
density in oesophageal cancer treated with neoadjuvant 
chemoradiation (PLuTON). 

Can we characterise the immune milieu/tumour 
microenvironment in GI cancers to identify modalities 
of immune evasion and potential therapeutic 
opportunities to deploy different immune therapeutics, 
including different immune checkpoint inhibitors, 
adoptive cell therapy, and neoantigen vaccines? 

Investigators: Dr. Si-Lin Koo, Dr. Iain Tan, Assoc. Prof. Han Chong Toh, Dr. Connie Yip

Dr. Iain Bee-huat Tan serves as NCCS’ overall lead for the 
luminal GI comprehensive disease programme. He is a Senior 
Consultant Medical Oncologist and clinician-scientist. His PhD 
was in Genomic Sciences and he is a Nationally awarded clinician-
scientist (NMRC CSA). He heads the Colorectal Cancer Clinical 
Service and Research Programme within the Division of Medical 
Oncology. He holds a concurrent appointment as faculty (Senior 
Clinician-scientist at the Genome Institute of Singapore). Dr Tan’s 
primary interest is employing next-generation diagnostics and 
therapeutics intelligently in novel therapeutic windows (e.g., 
ctDNA to detect minimal residual disease and anti-metastatic 
therapies, including immunotherapeutics designed specifically to 
truncate the metastatic process). His three broad areas of research 
are: real-time diagnostics, metastasis, and immune-oncology. He 
is a PI on several nationally funded research projects and clinical 
trials as well as consortium efforts in non-invasive diagnostics and 
novel immunotherapeutics. Details of his research can be found in 
his laboratory’s write-up in this book. 

Adj. Prof. Melissa Teo is the Head of Division of Surgical Oncology 
and is a Senior Consultant Surgical Oncologist with an interest in 
pelvic oncology and peritoneal metastases. Peritoneal metastasis 
is a major cause of morbidity and mortality in patients with GI 
cancers. Her work is focused on identifying prognostic markers, 
carcinogenic pathways, and novel therapeutic targets that can be 
used to detect peritoneal metastases from gastric and colorectal 
as well as those of an ovarian and primary peritoneal origin. Her 
work includes molecular profiling of these tumours to identify 
potential biomarkers and therapeutic targets (in collaboration 
with Prof. Bin Tean Teh) and the establishment of cell line and 
xenograft models to understand the biology of disease. 

Dr. Grace Tan is a Consultant Surgical Oncologist with an 
interest in the clinical management of peritoneal carcinogenesis 
and dissemination. She is the PI of a clinical trial evaluating the 
prophylactic use of HIPEC in patients with GI malignancies who 
are at high risk of peritoneal dissemination. 

Asst. Prof. Johnny Ong is an Associate Consultant Surgical 
Oncologist with an interest in the mechanism of peritoneal 

carcinomatosis and dissemination. He is a nationally awarded 
clinician-scientist (NMRC TA), with a PhD in cancer biology. 
He examines the critical paracrine factors involved in the 
pathogenesis of colorectal peritoneal carcinomatosis, 
administering high doses of monoclonal antibodies and 
biologics into the peritoneal cavity in mouse in vivo models.

Dr. Matthew Ng is a Senior Consultant Medical Oncologist 
with an interest in experimental therapeutics. He heads up the 
Upper GI Cancer Clinical Service and Research Programme in 
the Division of Medical Oncology. His current research is focused 
on the development of biomarker-driven, early-phase clinical 
studies, particularly in oesophageo-gastric cancers, through 
molecular profiling of patients’ tumours and on the evaluation of 
pharmacodynamic indicators of oncogenic pathway modulation. 

Dr. Clarinda Chua is a Consultant Medical Oncologist focused 
on colorectal cancer research, particularly in metastases.  
She oversees a prospectively maintained, relational colorectal 
cancer clinical database evaluating the demographic, biological 
and therapeutic determinates of outcomes in our patients. She 
is a nationally awarded clinician-scientist (NMRC TA) with a 
Masters in Clinical investigation (MCI). With her collaborators 
(mainly Dr. Dasgupta Ramanaj, GIS), she has established 
multiple patient-derived tumour models designed to evaluate 
the metastatic cascade and drug response and resistance. 

Dr. Si-Lin Koo is a Consultant Medical Oncologist with an 
interest in cancer immunology. She is the PI of several studies 
evaluating the neoantigenic landscape in colorectal cancer 
and its relation to immune response. She also evaluates 
the immunometabolic axis in GI cancers and its relation to 
immunological priming and immune response and evasion. 

Dr. Dawn Chong is a Consultant Medical Oncologist with an 
interest in cancer and molecular epidemiology in GI cancers 
as well as in cancer metabolism. She has a Masters in Public 
Health (MPH). She is the PI of studies evaluating the metabolic 
milieu of GI cancers and epidemiological studies evaluating the 
metabolic dependencies of GI cancers. 
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HEAD AND NECK CANCERS
BY GOPAL IYER, MELVIN L.K. CHUA, WEN LONG NEI, MEI KIM ANG, DARREN LIM 

H ead and neck cancers (HNC) are traditionally associated with risk factors such as 
smoking, alcohol or HPV infection, but more than 50% of cases that occur locally have 
none of these risk factors. Genomics analyses suggest that the underlying mutations 

in these cancers without the classical risk factors differ from traditional tobacco-related cancers. 
Despite a multidisciplinary approach involving surgery, radiation and chemotherapy, more than 
50% of patients fail treatment. In addition, there has been little progress in the rational use of 
conventional treatment modalities and in the use of targeted therapeutics. Indeed, therapeutic 
targeting requires appropriate patient stratification into disease and prognostic risk groups, as 
well as the maintenance of annotated databases and tissue samples and the use of state-of-the 
art technologies. 

Other important areas of focus include the development of novel technologies to improve diagnostics and tumour imaging, and 
new approaches to cancer screening, prevention, and the assessment of post-surgical reconstruction outcomes. Collaborations 
with allied health professionals are essential to obtain good quality data on various aspects of post-treatment functional outcomes 
and quality of life assessments. The recent data purporting the benefits of immunotherapy in a selective patient cohort cannot be 
ignored and we thus require a major paradigm shift in our approach to biomarker discovery. To this end, profiling now extends to 
examining the tumour microenvironment as well as exploring the role of cell-based therapy in these lethal malignancies. 

RESEARCH THEMES

The overall aims of this programme are to:

1. Use high-throughput technologies to appropriately profile 
tumours and the immune micro-environment in specific 
clinical and molecular contexts, including specimens over 
time (longitudinal) and space (metastatic). 

2. Optimise and apply novel diagnostic and therapeutic 
strategies using cutting-edge biophotonics and imaging 
technologies.

3. Identify novel prognostic biomarkers and therapeutic 
targets for lung and head and neck cancer, in the context 
of conventional, molecular-targeted therapeutics and 
immunotherapy, and develop rational applications for these 
in patients with advance cancer.

4. Translate these insights into appropriate-level clinical trials, 
with integrated design for biomarker and response studies.

To achieve the aims, the team is focused on an array of clinical 
and translational research themes, which are highlighted in the 
following sections.

HEAD AND NECK CANCER GENOMICS, 
RADIOMICS, AND IMMUNOMICS PROGRAMME 
(HNCGRI)

Precision radiotherapy has significantly improved cure rates for 
patients with nasopharyngeal cancers (NPC). However, despite 
radiotherapy treatment, 20% to 30% of cancers still recur locally. 
There is a need to identify patients with a high risk of recurrence 
and develop new therapies to improve cure rates. NPC, commonly 
known as “nose cancer”, occurs when cancer cells develop from 
the tissues in the nasopharynx—the area behind the nasal cavity 
and above the back of the throat. In Singapore, NPC is most 
frequently seen among Chinese patients.

The HNCGRI Programme aims to study pre- and post-radiotherapy 
recurrent NPC to identify the mutations that drive cancer 
development and cause cells to become resistant to radiation 
therapy. These mutations could serve as targets for testing new 
therapeutic agents. In this area of study, the NCCS programme has 
a strong collaboration with Sun Yat-Sen University Cancer Center 
in Guangzhou, China. Additionally, the group aims to explore 
the integration of large “–omics” datasets, including genomics, 
epigenomics, transcriptomics, and radiomics, to build robust 
models and personalise risk stratification and therapies in patients. 

Dr. Michael Wang is a Senior Consultant Radiation Oncologist 
with a focus on radiation technology, radiobiology and clinical 
trials in GI cancers. 

Dr. Francis Chin is a Senior Consultant in Radiation Oncology 
specialising in GI cancers. He is the lead PI in several radiation 
quality improvement projects involving total body irradiation 
and algorithm contouring for tumour and normal organs for 
irradiation. 

Dr. Connie Yip is a Consultant in Radiation Oncology 
specialising in GI cancers. She is the PI of an ongoing prospective 
study evaluating the intratumoral PD-L1 expression and tumour 
infiltrating lymphocyte density in oesophageal cancer treated 
with neoadjuvant chemoradiation (PLuTON).

Dr. John Chia is a (visiting) Senior Consultant Medical Oncologist. 
He is a Principal Investigator for the Aspirin for Dukes C and High 
Risk Dukes B Colorectal Cancers: an international, multi-centre, 
double-blind, randomised, placebo-controlled Phase III trial. 

This is a global, leading, potentially paradigm-changing Phase III 
trial evaluating if aspirin may be used to prevent recurrence and 
increase cure rates in patients with colorectal cancer. 

MAJOR ACHIEVEMENTS SINCE INCEPTION

Collectively, our researchers have published many well-cited 
papers in Nature, Nat Genet, Nat Med, Sci Transl Med and J 
Clin Oncol. We are internationally recognised subspecialists, 
members of international guideline committees, and expert 
panels, and are leading contributors to local and international 
research consortiums. We have received multiple, nationally 
funded, research grants and research awards. More importantly, 
we are a unit set up for leading-edge clinical trials, clinical 
research, translational research, and productive collaborations 
across the continuum of research in GI cancers. We focus on 
using research to empower future clinical care. 
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Some of these information will be added to a prognostic 
index (PRANCIS – http://PRANCIS.Medlever.com) that was 
constructed internally to help personalise risk stratification for 
salvage radiotherapy for radioresistant NPC patients. The tool 
was made publicly available in collaboration with MedLever 
(Mountain View, CA). 

The Programme also includes a platform for research on 
understanding the tumour and host immune response to 
conventional therapies (chemotherapy, radiotherapy and 
surgery) and novel biological therapies (monoclonal antibodies 
and immunotherapies). To this end, the NCCS is collaborating 
with a local start-up biotechnology company (ImmunoSCAPE) 
to explore high-dimensional mass cytometry profiling coupled 
with high-resolution single-cell sequencing to understand the 
complex interplay between tumour and its microenvironment 
with the systemic T-cell response (Figure 1). 

NPC THERANOSTICS PROGRAMME 

In our NPC Theranostics Programme, we aim to use imaging to 
assist clinicians in prognosticating and selecting patients for the 
most appropriate therapy and in the planning of radiotherapy. 
We are currently investigating a few novel radionuclide tracers 
in NPC, including 68Gallium-Dotatate, 177Lutetium-Dotatate, and 
18F-Misonidazole. We have seen for the first time the presence 
of somatostatin receptor 2 on 68Gallium-dotatate imaging in 
patients with treatment-refractory metastatic NPC, who have 
seen multiple lines of treatment (Figure 2). This opens up a new INVESTIGATORS

Prof. Khee Chee Soo is actively involved in clinical and 
translation research across a range of different projects. He 
currently leads a multi-centre Phase III clinical trial in Asia, 
involving 11 countries and 22 centres, which examines the 
role of EGFR blockade using nimotuzumab in high-risk patients 
with head and neck squamous cell carcinoma. This trial aims 
to recruit over 700 patients across all sites. More importantly, 
this trial aims to establish a new Asia-centric oncology research 
platform for future phase III trials in head and neck oncology. 
Prof Soo is also the Lead PI of a National Research Foundation-
funded competitive research programme (S$9.1million in 
funding, 2017–2022) – Radiobiology Investigations into Cancer 
Therapy using High Energy Protons. This multi-disciplinary 
programme encompasses eight research teams across NCCS, 
NUS, and Duke-NUS.

Assoc. Prof. N. Gopalakrishna Iyer leads the head and neck 
clinical research programme in the Division of Surgical Oncology 
and is the PI of the Cancer Therapeutics Research Laboratory. His 
clinical research includes the establishment and maintenance of 
a live, tumour board-based head and neck cancer database for 
all patients with HNSCC, which is actively mined for outcome 
analyses, prognostic factors, relationships with socio-economic 
factors, quality of life analyses, and various other allied health 
projects. The latter involves speech therapists and nurse 
clinicians who are focused on improving surgical and functional 
outcomes, patient’s rates of return to normal activity and work, 
and social support services. The clinical team is also involved in 
the development and advancement of state-of-the-art surgical 
techniques, including robotic surgery for thyroid, oropharyngeal 
and nasopharyngeal cancers.

Dr. Ngian Chye Tan and Dr. Hiang Khoon Tan are head and 
neck surgeons whose principal areas of research include 
the development of novel approaches in head and neck 
reconstruction, the management of complex wound care, and 
quality-of-life analyses in patients after major head and neck 
surgery. They also lead several technology-driven projects 
which are at various stages of development. They have 
successfully progressed prototypes into licensed products 
including novel lighting solutions for the oral cavity and low 
cost nasoendoscopy devices for developing countries.

Dr. Joseph Wee is a radiation oncologist and co-leads the clinical 
research programme for Nasopharyngeal Carcinoma (NPC). He 
was the PI of the seminal SQNP01 trial that defined chemo-
radiotherapy as the standard of care in NPC. He was also the 
Co-PI for a recently completed Phase III randomised controlled 
trial exploring the efficacy of induction chemotherapy when 
added to chemo-radiotherapy for advanced NPC. Dr. Wee is 
also deeply interested in the epidemiology of NPC and East and 
South Asian anthropology.

Dr. Melvin Lee Kiang Chua is a radiation oncologist and 
Clinician-Scientist, and leads the DISCLOSE (DIScovery of 
biomarkers for CLinical respOnSE to radiotherapy) Programme. 
Specifically, Dr. Chua leads several international collaborations 
within the HNCGRI programme on NPC. He also has a deep 
interest in understanding the molecular drivers and biomarkers 
of radiation and therapeutic resistance. Dr. Chua also co-leads 
the National Research Foundation-funded proton clinical 
research programme. 

treatment modality for these patients using 68Gallium-dotatate 
for radiotherapy planning, and to select patients for 177Lutetium-
Dotatate therapy or its related analogues for therapy in patients 
with NPC.

To date, the team’s achievements are as follows:

1. Clinical trials (where lead PIs are from the team):

a. Completed four Phase III trials in HNSCC and NPC, 
respectively.

b. Four Investigator-Initiated Trials (IITs) and 21 sponsored 
Phase I/II trials in lung, HNSCC and NPC.

2. Publications: 36 publications with a journal impact factor 
(JIF) higher than 5 in the last 3 years

3. Grants: >15M SGD in funding over next 5 years, including 
two nationally funded large clinical research programmes. 

 Lead PI Khee Chee Soo, Co-lead PI Melvin Chua (Total 
grant value/duration: S$9,130,068, June 2017-2022), 
National Research Foundation; Project title: Radiobiology 
investigations into cancer therapy using high energy 
protons.

 Team PI Khee Chee Soo (Total grant value/duration: 
S$8,615,440, May 2017-2022), Ministry of Education 
Tier 3 award; Project title: Remote-controlled photo-
therapy with small-scale wireless bioelectronics.

AWARDS (SELECTED)

 2017 National Medical 
Research Council 
Clinician-Scientist Award, 
Singapore (GI, MC, DT, DL)

 2014 National Medical 
Research Council 
Transition Award, 
Singapore (MC)

 2011 World Scientist 
Forum International 
Awards Eminent Scientist 
of the Year 2011 for 
Radiotherapy Oncology,  
Asia (MC)

 2011 President’s Science 
& Technology Medal 
2011, President’s Science 
& Technology Awards, 
Singapore (KS)

 2008 National 
Outstanding Clinician 
Mentor Award, National 
Medical Excellence 
Award, Ministry of Health, 
Singapore (KS) 

Figure 2. (Upper) Model of 
NPC Theranostics. (Lower) 
68Gallium-Dotatate 
positron emission 
tomography (PET) in a 
patient with metastatic 
nasopharyngeal 
carcinoma (NPC). Gross 
Tumour Volume (GTV) 
target delineation using 
68Gallium-Dotatate 
positron emission 
tomography (PET) vs 
18F-Fludeoxyglucose PET. 

Figure 1. (Upper) The PRANCIS oneline tool. (Lower) Schema of the radiomics workflow (Left) and high-
dimensional mass cytometry for deep immune profiling using 41 T cell- and myeloid-specific expression markers. 
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PRE-CLINICAL STUDIES AND CLINICAL 
TRANSLATION

Ovarian Cancer Xenograft Programme

One of the programme’s main efforts is the treatment of 
chemotherapy-resistant ovarian cancers, particularly clear 
cell, endometrioid, and mucinous sub-groups, all of which are 
common in Singapore. In collaboration with Prof. The Hung 
Huynh, our group has developed one of the world’s largest 
repositories of ovarian cancer patient-derived xenograft lines. We 
have systematically explored the therapeutic potential of many 
new anti-cancer agents and their combinations using these 
xenograft lines, and evaluated novel strategies for overcoming 
innate and acquired chemotherapy resistance. The marriage of 
individual patient treatment outcome data with mouse xenograft 
data has further improved the accuracy and predictive capacity 
of our pre-clinical models. As such, various strong commercial 
partnerships with multinational pharmaceutical companies has 
been established over the years, thus allowing Singapore to 
participate in early-stage global drug development.

Ovarian Cancer Tissue Collection Programme

Dr. Elaine Lim is the Principal Investigator of an ovarian cancer tissue 
collection project that conducts basic research through molecular 
profiling the use of cellular models and immunophenotyping to 
ascertain the link between ovarian cancer and endometriosis.

WOMEN’S CANCER
BY JACK CHAN, VERONIQUE TAN, SULASTRI KAMIS AND REBECCA DENT 

T he Women’s Cancers Programme encompasses research on gynaecological cancers as 
well as breast cancer. Our multi-disciplinary team includes medical, surgical, and radiation 
oncologists; gynaecologists; basic and translational scientists; and computational 

biologists, with our research interests spanning from circulating tumour cells, patient-derived 
xenografts, multi-omics, genetics and stem cells to novel diagnostic and therapeutic methods, 
personalised therapy, clinical trials and health outcomes. 

CLINICAL PROGRAMMES

Clinical Trials

Over the past three years, our group has been active in initiating 
and conducting investigator-initiated early-phase trials in 
gynaecological cancers. A phase I MUC-1-CD40L cancer vaccine 
study is recruiting patients with ovarian cancer, among other 
epithelial cancers. Dr. Tira Tan presented the interim analysis of 
an open-label, single-arm phase II trial of regorafenib in patients 
with multiply treated epithelial ovarian cancer at the ESMO Asia 
2017 Congress and won Best Poster in the Gynaecological Cancers 
category. This study is nearing completion, with restriction 
to the clear cell subtype to investigate the efficacy signal. Dr. 
Jack Chan is leading an investigator-initiated phase Ib/IIa study 
of the novel combination of nivolumab immune checkpoint 
inhibition with an anti-CA 125 vaccine, oregovomab, in patients 
with recurrent epithelial ovarian cancer. Through the newly 
established Gynaecological Cancers Group Singapore (GCGS), 
we have also become a participating site of a randomised phase 
II trial of durvalumab versus physician’s choice chemotherapy 
for clear cell ovarian cancer. Other investigator-initiated trials for 
ovarian and endometrial cancers are being planned.

We have also participated in industry-sponsored phase III trials, 
such as the Z-100 adjuvant immunomodulator trial for cervical 
cancer, and the avelumab versus chemotherapy versus avelumab-
chemotherapy trial for platinum-resistant ovarian cancer.

NCCS GYNAECOLOGICAL CANCER PROGRAMME
The mission of the NCCS Gynaecological Cancer Programme is to leverage research to improve clinical outcomes for patients with 
gynaecological cancers in Singapore.

Dr. Wen Long NEI Associate Professor 
Darren LIM 

Dr. Mei Kim ANG 

Dr. Wen Long Nei is a radiation oncologist with an interest in 
exploiting novel theranostics in NPC. He collaborates closely 
with the Department of Nuclear Medicine and Imaging, SGH.

Dr. Yoke Lim Soong and Dr. Kiattisa A/P Sommat are radiation 
oncologists and clinical investigators in the programme;  
Dr. Soong leads the clinical HN programme within the Division 
of Radiation Oncology, and is the site-PI for the ongoing  
NRG-sponsored HN001 trial for NPC. Dr. Sommat leads several 
clinical and imaging studies relating to the role of hypoxia 
imaging for adaptive radiotherapy planning in NPC and quality 
of life outcomes after radiotherapy in NPC. 

Dr. Mei Kim Ang and Assoc. Prof. Eng Huat Tan are medical 
oncologists and clinical investigators who lead several HNC 
trials at the NCCS. Of note, Dr. Ang was the site investigator 
for the LUX-Head and Neck 1 trial on maintenance afatinib in  
HPV- and smoking-related HNCs. Assoc. Prof. Tan was the  
Co-PI for several of our randomised Phase III trials in NPC, 
and is currently the Co-PI for our local INH-01 randomised 

controlled trial on the role of concurrent nimotuzumab and  
chemo-radiotherapy as adjuvant treatment for high-risk HNC 
post-surgery.

Assoc. Prof. Darren Wan-Teck Lim leads various important 
immunotherapy trials in NPC, particularly focused on potential 
biomarkers of response. He also has a research focus on the 
capture and analysis of circulating tumour cells to better 
understand tumour biology of metastatic states and treatment 
selection for patients.

Dr. Daniel Shao-Weng Tan (Individualised Molecular Profiling 
for Allocation to Clinical Therapeutics (IMPACT) is working with 
several pharmaceutical and biomarker analytic companies 
to bring individualised medicine and clinical therapeutics 
to patients. He also leads a number of critical window-of-
opportunity studies in HNSCC, where obtaining longitudinal 
tissues pre- and post-immunotherapy could be analysed to 
identify early biomarkers of response to drugs. Dr. Tan co-leads 
the Cancer Therapeutics Research Laboratory. 

Associate Professor 
Eng Huat TAN 
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cancer clinical care and treatment/prevention. There are weekly 
meetings of our multidisciplinary Breast Cancer Tumour Board 
as well as weekly basic/translational research meetings. Our 
physicians are leading investigator-initiated, cooperative groups 
(Breast International Group and Michelangelo Foundation) and 
coordinate with industry-run international clinical trials that 
span phases I to III.

PRECLINICAL STUDIES AND CLINICAL 
TRANSLATION

Breast fibroepithelial tumours constitute a distinct category in 
breast disease. Distinct from breast carcinoma, they comprise a 
heterogeneous spectrum of pathological entities, from benign 
fibroadenomas to malignant Phyllodes tumours. Prof. Bin Tean 
Teh’s team has recently profiled the genomic landscape of this 
group of tumours. First, MED12 mutations were frequently found 
in both fibroadenomas and Phyllodes tumours, emphasising the 
importance of these mutations in fibroepithelial tumorigenesis. 
Second, Phyllodes tumours exhibited additional mutations in, 
for example, TERT, MED12, FLNA, SETD2 and KMT2D, suggesting 
a role for them in driving Phyllodes tumour development. 
Third, borderline and malignant Phyllodes tumours harboured 
additional mutations in common cancer-driver genes, such as p53, 
RB1, EGFR and PI3K.These step-wise mutations can potentially be 
employed to assist in clinical diagnoses. A study involving about 
1,000 fibroepithelial tumours from different countries is being 
carried out to validate these findings before they are translated 
into clinical application.

Assoc. Prof. Ann Lee’s team have research interests in hereditary 
breast and/or ovarian cancer and in the development of blood-
based tests for breast cancer diagnosis or prognosis. They 
published the first Asian study using a 25-gene panel of breast 
cancer susceptibility genes for the largest Asian series of cases. 
More recently, the group identified new breast cancer risk loci 
using a novel targeted next-generation sequencing strategy. 
A blood-based diagnostic assay for breast cancer is also being 
developed based on circulatory microRNA signatures in a multi-
site study involving NCCS, National University Hospital Singapore, 
Tan Tock Seng Hospital, SingHealth Polyclinics, NUS, A*STAR and 
MiRXES Pte. Ltd. We are currently engaged in studies to discover 
novel genes involved in breast cancer predisposition, and also in 
refining our microRNA signatures to improve assay accuracy.

On the translational research front, Medical Oncologists Dr. Yoon 
Sim Yap and Dr. Elaine Lim are carrying out studies on circulating 
cancer markers and tissue collection; these studies, respectively, 
interrogate breast cancer through a multi-omics approach, 
as well as through immunophenotyping, with support from 
collaborators at the Singapore Immunology Network (SIgN) 
and Dr. Wai Leong Tam at the Genome Institute of Singapore 
(GIS). These studies have culminated in clinical research, with 
a planned pilot study of bexarotene differentiation therapy in 
patients with metastatic triple-negative breast cancer. Among 
our Breast Surgeons, Dr. Veronique Tan and Adj. Assoc. Prof. 
Benita Tan, together with Prof. Kanaga Sabapathy, received the 
NCCS Project Grant to investigate how the microenvironment of 
a breast cancer influences cancer growth.

We are pleased to announce GCGS’s provisional membership 
entry into the Gynaecological Cancer InterGroup and look 
forward to collaborating with other partners within and outside 
of Singapore in conducting gynaecological cancer trials.

HIPEC (Hyperthermic Intraperitoneal Chemotherapy)

Ovarian cancer is a peritoneal-based disease, and our group, in 
association with Assoc. Prof. Melissa Teo, has recruited to date 
more than 60 ovarian cancer patients who are on the Centre’s 
HIPEC protocol. Our group remains committed to developing 
new and relevant protocols for gynaecological cancers and 
optimising patient selection strategies for HIPEC among those 
with recurrent ovarian cancer. The team aims to reduce the 
toxicity of HIPEC and has published several quality-of-life analysis 
studies for patients receiving this therapy.

Gynaecological Radiation Oncology Team

Our group is undertaking studies to ascertain the impact of 
radiation therapy on quality of life in patients with cervical 
cancer. This study will provide longitudinal follow-up data and 
enable clinicians to better counsel patients concerning the 
short- and long-term impact of radiation therapy, and form the 
basis for cost-effectiveness and health economic analyses. It will 
also provide baseline information for the eventual comparison 
of the efficacy of proton therapy with conventional radiotherapy.

NCCS BREAST CANCER PROGRAMME

With an incidence rate of 65.3 cases per 100,000 person-years 
from 2011 to 2015 and accounting for nearly 1 in 3 incident 
cancers in females, breast cancer is undoubtedly the most 
common cancer among Singaporean women (Singapore 
Cancer Registry Annual Registry Report 2015, National Registry 
of Diseases Office). As the largest centre managing breast cancer 
patients in Singapore, we have the unique prospect of being 
able to synthesise opportunities for Singapore’s investment in 
basic research through to survivorship care, generating the best 
outcomes possible for all.

The Breast Cancer Programme encompasses an integrated team 
of physician-scientists recognised for their contributions to breast 
cancer research and treatment. The overarching goal of the 
Breast Cancer Programme is to improve our understanding of 
the intricacies of the biology, genetics and biochemistry of breast 
cancer, with the concomitant application of this knowledge towards 
diagnostic, therapeutic, and screening/preventive strategies for 
improved outcomes in each patient. To this end, the Clinical Breast 
Cancer programme is driven by an interdisciplinary approach 
incorporating basic research, clinical/translational research, and 
public health/behavioural/health outcomes research.

The Clinical Breast Cancer programme comprises a team of 
radiologists, surgeons, medical oncologists, medical geneticists, 
and plastic surgeons offering the full spectrum of clinical and 
support services from screening/diagnostics to prevention, 
treatment and care for long-term cancer survivors. We offer 
patients a wide variety of clinical trials encompassing a 
spectrum that provides the latest advancements in breast 

Finally, Senior Resident Dr. Huren Sivaraj was awarded, under 
the mentorship of Assoc. Prof. Rebecca Dent and Prof. Puay 
Hoon Tan, an educational grant by Foundation Medicine (FM) 
to perform next-generation molecular sequencing using the 
FM platform on 150 triple-negative breast cancers from the 
SGH Pathology database and compare these to similar profiles 
in Caucasians. These preliminary results will likely have clinically 
important implications for targeted novel therapies. The 
manuscript is currently being prepared in collaboration with 
Prof. Bin Tean Teh and Prof. Steven Rozen. 

CLINICAL PROGRAMMES

Young Women’s Breast Cancer Programme

Breast cancer in women under the age of 40 years is more 
prevalent in Asia than in the West; 18% of breast cancers in 
Singapore are found in patients aged 44 years and below. 
Given the multiple, unique challenges facing young patients 
with breast cancer, we are developing a tailored treatment 
programme that advocates a multidisciplinary approach. Dr. 
Guek Eng Lee was awarded a National Medical Research Council 
(NMRC) grant to study the Programme for Young Women with 
Breast Cancer in the Dana-Farber Cancer Institute, the first such 
programme in the United States. We aim to establish a clinical 
model for our local population, and create a programme for 
young women with breast cancer. From a research standpoint, 
this programme brings together clinical researchers and 
scientists dedicated to improving our understanding of breast 
cancer in young women, including the biology of the disease, 
patient responses to therapy, as well as the psychosocial and 
survivorship concerns. It will also be a platform to participate 
in multinational trials. Research efforts to date have led to a 
poster presentation at the 3rd ESO-ESMO Breast Cancer in Young 
Women International Conference. In addition, related work has 
been published in BMD Women’s Cancers and Breast Cancer 
Research and Treatment. Currently, we are actively collaborating 
in a multinational study for young women with breast cancer, 
correlating treatment details with survival outcomes.

Dr. Yoon Sim Yap’s manuscript on the molecular profiling of a 
cohort of young breast cancer patients treated at the NCCS and 
Asan Medical Centre, South Korea, is in press.

Supportive Care Breast Cancer Programme

Dr. Kiley Loh is spearheading our group’s research efforts in the 
area of supportive care. A key ongoing project is exploring the 
utility of cryotherapy in mitigating taxane-induced peripheral 
neuropathy among early breast cancer patients. This project 
is supported by Terry Fox (NCCS) and subsequently Khoo Pilot 
Award (Duke-NUS) grants. In addition, we are looking into 
collaborative research in the field of Cardio-Oncology with 
colleagues at the National Heart Centre Singapore, with the aim 
to understand the incidence and landscape of cardiotoxicities 

from anti-cancer therapies in our local patient cohort. Our group 
also works closely with Assoc. Prof. Alexandre Chan in studying 
a wide array of other cancer supportive care and survivorship 
issues among breast cancer patients, including chemotherapy-
associated cognitive impairment and fatigue, myelosuppression, 
and chemotherapy-induced nausea and vomiting. 

Future research plans in breast cancer supportive and 
survivorship care include studies examining the role of exercise 
in alleviating common treatment-related toxicities in patients 
with breast cancer, as well as the role of a comprehensive 
supportive and survivorship multidisciplinary care framework 
on breast cancer survivors.

 Breast Preoperative Programme

This multidisciplinary programme for patients receiving 
preoperative systemic therapy is led by Advanced Practice 
Nurses. Launched in 2014, this programme has now been 
entrenched in our Centre, enrolling more than 80 patients a year. 
The goal is to provide consistent, high-quality, multi-disciplinary 
care for women with high-risk, early-stage or locally advanced 
breast cancer. This Programme has enabled our participation 
in global neoadjuvant phase Ib and randomised phase III 
immunotherapy-based trials in triple-negative breast cancer. 

Breast Phase I Programme

Through the Experimental Cancer Therapeutics Research Unit’s 
IMPACT programme, many of our breast cancer patients have 
had their metastatic tumours molecularly profiled, facilitating 
their timely access to phase I clinical trials. Dr. Tira Tan, the 
programme lead, is undergoing a fellowship in early drug 
development at the Princess Margaret Cancer Centre in Toronto, 
Canada, under the mentorship of Dr. Phil Bedard and Dr. Lillian 
Siu. The number of breast cancer patients recruited to phase I 
trials over the last 3 years has increased by more than 50% to 
23 in 2017. Under the leadership of Dr. Yoon Sim Yap, Singapore 
is now engaged in first-in-human, breast-specific, phase I 
trials (such as ER receptor oral degraders) along with other 
major international cancer centres, such as the MD Anderson 
Cancer Center, the Memorial Sloan Kettering Cancer Center,  
among others.

Breast Clinical Trials Programme

Our team has 15 to 20 active phase II and III trials for breast 
cancer, both investigator-initiated and industry-sponsored. 
Many of these trials are early phase II trials and thus provide 
early access for patients to new therapies. In addition, our team 
has been actively engaged in protocol development for these 
trials and leads upcoming new international trials. The NCCS was 
intimately involved in the LOTUS trial evaluating the role of AKT 
inhibition in metastatic triple-negative breast cancer. The interim 
overall survival results will be presented as an oral presentation 
at the upcoming 2018 ASCO scientific meeting by one of our 
principal investigators, Assoc. Prof. Rebecca Dent.
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The DORA trial is a global, investigator-initiated trial (IIT ) 
evaluating the role of the poly (ADP-ribose) polymerase 
inhibitor, Olaparib, or Olaparib in combination with checkpoint 
inhibition, as a maintenance therapy in patients with platinum-
responsive, metastatic, triple-negative breast cancer. This is 
an AstraZeneca supported IIT (US$3.4M) and is due to open 
in August 2018 in the USA, Korea and Singapore, with Assoc. 
Prof. Dent as the global study chair. This study was enabled by 
Dr. Tira Tan before her departure for her fellowship and she will 
continue to serve as an active co-Principal Investigator. Dr. Tan 
and Assoc. Prof. Dent have also been awarded a Duke–Duke 
Collaboration grant to facilitate the translational component of 
the study. The trial is being conducted through the academic 
research organisation, Duke Clinical Research Institute.

BREAST SURGICAL ONCOLOGY TEAM

Ongoing clinical research includes characterising aspects of 
breast cancer in the Asian population. We explore the spectrum 
of breast carcinomas, from ductal in situ carcinoma to locally 
advanced cancers, and analyse special populations, such as 
pregnancy-associated breast cancers, genetic carriers, young 
patients, and advanced, older patients, to identify peculiarities 
and unmet needs. 

Significant efforts are devoted to advancing the loco-regional 
treatment of breast cancer. We are running a phase II trial on 
the use of INTRABEAM intra-operative radiotherapy for ductal 
carcinoma in situ and have also embarked on pilot studies on 
the role and utility of the novel tracer SentiMag® for sentinel 
lymph node identification. We further are investigating the use 
of targeted axillary dissection in conjunction with sentinel node 
biopsy for patients with clinical complete nodal response post-
neoadjuvant systemic therapy. 

In addition to the extensive successful collaborations with 
scientists and clinicians at NCCS, SGH and Duke-NUS, we also 
partner with other institutions both locally and overseas. These 
include multiple collaborations with researchers at the NUS 
Saw Swee Hock School of Public Health to study our national 
breast cancer cohort epidemiology and economic dimensions; 
regional breast cancer survival and outcomes in partnership 
with the University of Malaya Medical Centre, Malaysia; as well 
as a genomic assay validation study with the Koo Foundation 
Sun Yat-Sen Cancer Centre, Taiwan.

BREAST RADIATION ONCOLOGY TEAM

Together with the team of radiation therapists, physicists and 
dosimetrists, clinicians in NCCS’ Division of Radiation Oncology 
are continuously engaged in research and in the implementation 
of new clinical programmes. 

With the help of our colleagues, we have created a high-
resolution, multi-centre Joint Breast Cancer Research (JBCR) 
database. Today, it is a robust and prospectively maintained 

database with 25,000 patients and counting. The JBCR has 
collaborated with both local and international researchers. The 
ongoing research spans a wide range of topics: this includes 1) 
the study of ethnic differences in mortality among Singaporean 
patients with breast cancer, which is done in collaboration with 
Dr. Jingmei Li from GIS; 2) understanding the impact of imaging 
findings after oncoplastic breast conserving surgery with Dr. 
Chee Hao Leong from SGH’s Division of Diagnostic Radiology; 
3) investigating the outcomes of gestational breast cancer 
with Dr. Kiley Loh from NCCS’ Division of Medical Oncology; 
and 4) investigating the role of radiotherapy in borderline and 
malignant Phyllodes in conjunction with SGH’s Department 
of Pathology. In 2017, we published some of these efforts, 
including the outcomes in young patients with breast cancer, 
the outcomes in screened and non-screened Malay patients with 
breast cancer cohorts, and the outcomes of a validation study of 
the AJCC 8th prognostic staging system, to name a few. Using 
results from the JBCR and in collaboration with programmers 
and analysts from the Department of Cancer Informatics, a 
programme has been started to offer real-time matched-cohort 
analysis to provide clinicians and patients with information on 
outcomes specific to an individual’s risk factors and stage.

Our team has also spearheaded a few novel clinical 
programmes. We have previously conducted dosimetric studies 
on the relative coverage of supra-clavicular (SCF) nodes, which 
have since influenced the way treatment plans are prepared to 
optimise the coverage of the SCF region. To enhance patient’s 
body image satisfaction, we have studied the use of invisible 
(UV) tattoo ink for radiotherapy set-up verification, to avoid the 
permanent tattoo marks on our patients. In terms of motion 
management, we have commissioned the use of a breath-hold 
SDX® gating system to minimise lung and cardiac radiation 
doses. For patients with large pendulous breasts, we explored 
immobilisation and treatment planning in the prone position 
as a way to reduce the radiation doses to the heart and lung. 
Of late, we are also implementing the Chabner® bra, which 
supports and immobilises the breasts during radiotherapy 
for set-up accuracy, and minimises infra-mammary dermatitis 
without attenuating radiation beams. For patients who require 
re-irradiation of the chestwall or breast, the team is studying 
the feasibility of using pulsed low-dose rate radiotherapy  
to minimise toxicities and increase cell killing in refractory 
tumour cells.

In collaboration with surgeons, the team has treated more 
than 80 patients in a prospective protocol on the use of the 
Intrabeam, an intra-operative, single-dose, partial breast 
radiotherapy for low-risk patients. For other low-risk patients, 
we have also started offering partial breast irradiation.

Following recent trials that showed an advantage of irradiating 
the internal mammary nodal regions for high-risk patients, 
the team has assessed different radiotherapy techniques. In 
anticipation of our upcoming proton beam centre, we are 
looking at how proton therapy can be used in the treatment of 
complex and high-risk, node-positive patients. 
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YOUNG INVESTIGATOR

Consultant Breast Surgeon and clinician-scientist, Dr. Yirong 
Sim, is passionate about investigating breast cancer biology with 
the goal of improving diagnosis, treatment and clinical outcomes 
for breast cancer patients in Singapore. She won the SingHealth 
Strategic Scientific Start-up Grant of $225,000 to characterise 
the molecular profiling of breast fibroepithelial lesions. She is 
developing a novel genomic assay as a potential adjunctive 
diagnostic tool, in collaboration with Prof. Puay Hoon Tan of SGH’s 

Division of Pathology and NCCS’ Integrated Genomics Platform 
headed by Prof. Bin Tean Teh. She is also the Principal Investigator 
of an epidemiological study of locally advanced breast cancers 
in Singaporean women. This project aims to elucidate patient, 
physician and systemic factors that contribute to delays in the 
diagnosis and treatment of breast cancer which progress to 
locally advanced states, and to formulate potential intervention 
strategies to overcome such delays.
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BY BIN TEAN TEH AND MELVIN CHUA

THERE ARE SIGNIFICANT UROLOGICAL CANCER RESEARCH ACTIVITIES AT THE 
NCCS, ESPECIALLY THOSE RELATED TO GENOMIC AND EPIGENOMIC STUDIES. 

I n urothelial cancer, we study both upper and lower urinary tract disease. Upper tract 
urothelial cancer (UTUC) is known to have the highest incidence in Taiwan. By collaborating 
with the Chang Gung Memorial Hospital, we have identified the aristolochic acid (AA) 

carcinogen signature in a subset of UTUC, suggesting that consumption of this herbal carcinogen 
may contribute to tumorigenesis. These AA-related tumours harbour an incredible amount 
of mutations, specifically in the form of A-T or T-A transversion. Among the most frequently 
mutated genes is lysine (K)-specific demethylase 6A (KDM6A, also known as UTX), which is 
also the second-most frequently mutated gene (second to p53) in lower tract urothelial cancer 
(also known as bladder cancer). We therefore undertook studies on KDM6A mutations with 
the goal of targeting them therapeutically. We demonstrated that these mutations are indeed 
driver mutations but difficult to target directly because they are inactivating tumour suppressor 
mutations. However, by targeting the oncogenic counterpart of KDM6A, enhancer of zeste 
homolog 2 (EZH2) using its inhibitor, we can inhibit KDM6A-null urothelial cancer cell lines 
effectively (Figure 1, Ler et al., Sci Transl Med, 2017). Our goal is to explore the mechanistic roles 
of chromatin enzyme mutations in both urothelial and renal cell carcinoma (see below) and 
identify ways to therapeutically target them. 

Genetic perturbations in KDM6A (star) promote oncogenesis through 
increased Histone H3 lysine (K)27 methylation (H3K27me3), which drives 
aberrant activation of PRC2-regulated transcriptional repression. Red line 
denotes potential therapeutic intervention using EZH2 inhibitors.

Figure 1: Pathogenic KDM6A-null urothelial bladder carcinoma can be targeted using EZH2 inhibitors. 

The balanced activity of KDM6A-containing TRL complex and EZH2-
containing Polycomb-Repressive Complex 2 (PRC2) in gene expression 
regulation under normal circumstances. 
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Similar to the findings by The Cancer Genome Atlas (TCGA), 
we, again, observed that prostate cancer is a C-class tumour 
but, more importantly, found that epigenomic dysregulation 
of the transcription elongation regulator 1-like gene (TCERG1L) 
carries a greater impact on prognosis than recurrent copy 
number aberrations, like c-MYC and TP53 (Fraser et al., Nature, 
2017). We further performed subclonal reconstruction in these 
tumours, and found that polyclonal tumours have a higher risk 
of relapse post-treatment than monoclonal tumours (Espiritu et 
al., Cell, 2018). Finally, we have made an interesting discovery 
of recurrent mitochondrial mutations that appear to be linked 
to recurrent nuclear mutations in prostate cancer, and these 
compound mutational events may affect prognosis in patients 
(Hopkins et al., Nat Comm, 2017). 

For theme (2), we adopted the same next-generation 
sequencing approaches to determine which mutational events 
are enriched in recurrent and high-risk prostate cancers that are 
resistant to radiotherapy and surgery, using a matched case-
control design. We observed that clonal selection of resistant 
tumour clones predominates in prostate cancer at the time 
of recurrence (Chua et al., Int J Radiat Oncol Biol Phys 2017). 
To perform functional characterisation, we have established 
radioresistant prostate cancer cell lines (RR-22RV1 and RR-
DU145). Next, we are investigating the differential molecular 
genetics in high Gleason’s grade (GS9-10) prostate cancers 
between tumours that recur within 18 months post-therapy 
and those that are controlled with single modality surgery 
or a combination of hormonal treatment and radiotherapy. 
This will allow us to hopefully identify the molecular drivers 

associated with highly aggressive prostate cancers. Lastly, 
we are conducting a prospective study to validate the role 
of circulating androgen-receptor splice variant 7 (ARV7) in 
predicting resistance to second-generation anti-androgen 
therapy of enzalutamide and abiraterone in Asian men with 
metastatic castrate-resistant prostate cancer; the NCCS is the 
lead institution in this international, multicentre study, which 
involves five other institutions from Asia.

To complement these molecular genetics studies, we are 
currently conducting a novel Phase II clinical trial to investigate 
the role of neoadjuvant apalutamide administered prior to 
radical prostatectomy in unfavourable intermediate and high-
risk prostate cancers. Biopsies were obtained pre- and post-
apalutamide treatment, which will allow for the study of the 
tumour response to profound castration and provide insight 
into possible mechanisms driving early adaptation to a castrate 
environment in resistant clones. These discoveries could lead 
to the potential identification of novel therapeutic pathways. 
Separately, we have commenced an oligometastatic programme, 
whereby men with hormone-sensitive, treatment-naïve or 
recurrent oligometastatic prostate cancer are managed by local 
ablative therapies, and prospectively surveyed for response to 
treatment and long-term biochemical control. 68Ga-PSMA-PET 
imaging is incorporated into the clinical workflow to detect 
occult metastases, and to assist with radiotherapy planning for 
more precise tumour targeting. We hope that incorporating 
high-quality imaging with aggressive local therapies could 
potentially help us define a subgroup of men with metastatic 
disease, who may be “cured” with such intensive therapies.

For renal cell carcinoma, we have explored the epigenomic 
landscape (e.g., histone modifications, promoters, and enhancers) 
associated with distinct mutations found in different histological 
subtypes. For example, Von Hippel-Lindau (VHL) mutations are 
almost exclusively found in clear cell renal cell carcinoma (ccRCC), 
whereas cMET activating mutations appear to be specifically 
involved in type 1 papillary RCC and mutations in fumarate 
hydratase and downstream genes related to the Keap1-NRF2 
pathway in type 2 papillary RCC. Recently, we reported the first 
study of super-enhancers related to VHL mutations in ccRCC, and, 
from this data, we further identified a novel ccRCC-specific master 
regulator, zinc-finger gene 395 (ZNF395). Subsequent studies 
confirmed that inhibition of ZNF395 can effectively suppress 
ccRCC growth in both in vitro and in vivo models. Besides 
histological subtype-specific genes, members of chromatin 
modifiers or remodellers are also frequently mutated in these 
tumours, making epigenomic studies of these tumours even 
more timely and appropriate. For example, polybromo 1 (PBRM1), 
an accessory subunit of the switch/sucrose nonfermenting (SWI/
SNF) chromatin remodelling complexes, is the second-most 
commonly mutated gene (after VHL) in ccRCC followed by SETD2 (a 
histone H3 lysine 36 methyltransferase) and BAP1 (which encodes 
the BRCA1 associated protein-1). It is likely that these mutations 
may impact gene regulation, and consequently contribute to 
cancer phenotypes. The technologies employed for these studies 
include CHIP sequencing, RNA sequencing, methylation profiling, 
as well as a series of cellular and molecular assays. 

Prostate cancer has emerged as the third most common 
cancer among men in Singapore. At the NCCS, our research is 
focused along three themes: 1) To characterise the germline and 
somatic genomic landscape of Singaporean men with prostate 
cancer; 2) To investigate the molecular drivers of therapeutic 
resistance in high-risk and advanced prostate cancers; and 3) 
To conduct novel treatment-intensification trials with a new 
generation of anti-androgens. For theme (1), we are interested 
to ascertain whether germline genetics for prostate cancer 
susceptibility differ among the different racial demographics 
in Singapore (Chinese vs Malays vs Indians), and also between 
Asians and Caucasians. To this end, we have a prospective 
cohort of >1,000 men on follow-up, for which we are running 
whole-exome sequencing and single nucleotide polymorphism 
genotyping; paired clinical data is available for all patients. This 
research is performed in collaboration with the Ontario Institute 
of Cancer Research (OICR), Toronto. We are also a member of 
the PRACTICAL (www.practical.icr.ac.uk) consortium, which 
seeks to investigate the risk genes for prostate cancer in 
200,000 men globally. Additionally, we are investigating the 
prevalence of specific germline mutations in DNA repair 
genes and HSD3B1, which may have a clinical relevance 
in predicting therapeutic sensitivity to chemotherapeutic 
agents and hormonal therapy (HT), respectively. Separately, 
on the somatic genomic landscape, we have collaborated 
with OICR to publish one of the largest comprehensive 
molecular datasets on 500 localised prostate tumours.  

Figure 2: At NCCS, our prostate cancer research is conducted along the three themes.
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PERITONEAL DISEASE

Peritoneal carcinomatosis (PC) is a common form of metastasis 
confined to the abdominal cavity and is a late manifestation 
of some terminal cancers, such as gastrointestinal and ovarian 
cancers. Up to 50% of patients with colorectal and gastric 
cancer develop peritoneal metastases during the course of 
their disease. An analysis of more than 10,000 patients with 
colorectal cancer clearly defined patients with peritoneal 
metastasis as having the worst prognosis when compared to 
those with liver or lung metastases. Cytoreductive surgery (CRS), 
combined with hyperthermic intra-peritoneal chemotherapy 
(HIPEC), has afforded prolonged survival in selected patients, 
with up to 50% attaining 5-year survival. Furthermore, 
approximately 20% of patients with colorectal peritoneal 
metastasis remain disease-free at 5 years. The peritoneal 
disease programme at the NCCS adopts a multidisciplinary 
approach combining scientific discovery of underlying 
tumour biology with state-of-the-art treatment modalities 
to augment the outcomes of patients with PC (Figure 1). 

MULTICENTRE COLLABORATIONS

Adj. Prof. Melissa Teo heads the team of surgical oncologists 
specialised in the management of complex intra-abdominal 
tumours, peritoneal malignancies, and sarcomas. She also 
leads the Asian Peritoneal Surface Malignancy Group (APSMG), 
a network of professionals and peritoneal treatment centres 
aimed at promoting learning opportunities and collaborations. 
This initiative seeks to improve the standards of management 
and survival of patients with peritoneal disease through patient 
education, physician training, and basic and clinical scientific 
research in the field of peritoneal disease. The APSMG creates 
a platform that facilitates cross-institutional collaboration and 
the exchange of ideas to incite potential translational projects. 
The network is currently organising the 2nd Peritoneal Surface 
Malignancy Course (PSMC) for June 2018, after a successful 
meeting the previous year. 

Whether there are optimal schedules, drug/drug combinations, 
and dosage for peritoneal metastases of different origins is less 
clear, and these aspects of the strategy require further evaluation. 

TRANSLATIONAL RESEARCH IN PC

Asst. Prof. Johnny Ong is investigating the molecular basis 
of how peritoneal disease arises and hopes to harness this 
knowledge to derive novel therapeutic strategies for patients with 
PC. His research seeks to elucidate the mechanism of paracrine 
signalling in PC. Such an understanding could provide insight 
into potential druggable targets that could be used as adjuncts to 
current chemotherapy regimens to enhance treatment outcomes 
for patients with PC. The laboratory of Applied Human Genomics, 
where this work is based, has also set up multiple collaborations 
within the SingHealth campus and with laboratories in the Cancer 
Science Institute (CSI) of Singapore.

SARCOMAS

Sarcomas are a group of malignant tumours that originate from 
connective tissues or other non-epithelial cells. Worldwide, 
the incidence is approximately 1% of all malignancies. Current 
treatment for sarcomas involves radical surgery, systemic 
chemotherapy, and radiation therapies. Only early-stage sarcomas, 
for which adequate surgical margins can be obtained, have a 
chance of cure. Outcomes are dismal in advanced or metastatic 
disease, where response rates to systemic treatments are poor. 
Despite advances in the systemic treatment of many cancers, 
many sarcomas remain difficult to treat, even in today’s era of 
modern medicine. Therefore, there is an urgent need to commit 
our efforts to provide answers to this unmet clinical concern. 

T he NCCS is one of the most experienced centres in Asia for the clinical management of 
peritoneal-based malignancies and sarcomas, and is an “academic magnet” for clinicians 
and researchers to gain experience within a specialised oncology field with considerable 

international visibility. Through clinical trials and translational research, our multidisciplinary 
teams are dedicated to improving the management of patients with rare malignancies, such as 
peritoneal carcinomatosis and sarcomas, and seek to widen our clinical and scientific knowledge 
of these diseases to advance patient care.

PERITONEAL DISEASE  
AND SARCOMA
BY MELISSA TEO AND JOHNNY ONG

TRANSLATIONAL RESEARCH IN SARCOMA

Scientific research into sarcomas is difficult due to the lack of 
reliable in vitro and in vivo models. Dr. Valerie Yang aims to 
develop better models of sarcoma by generating primary cell 
cultures and organoids representative of this disease. Patient-
derived models can be used in drug screens for individual patients 
to identify potential therapies, especially in patients who have 
failed to respond to conventional treatment. The identification 
of effective systemic treatments for individual patients can also 
help to inform the design of intelligent phase II clinical trials for 
specific sarcomas, which may accelerate the development of 
better systemic treatment options for sarcomas. Dr. Jason Chan is 
interested in elucidating the molecular pathogenesis of sarcomas. 
A unique group of soft tissue sarcomas have been observed 
to occur more frequently in patients with immunodeficiency. 
Apart from Kaposi sarcoma, an angioproliferative malignancy 
in which immunodeficiency and human herpes virus-8 have 
clear pathogenic roles, there is a lack of strong evidence for 
the contribution of oncogenic viruses to the development 
of other sarcoma subtypes. Recent epidemiological studies 
have demonstrated increased rates of leiomyosarcomas, 
angiosarcomas, and other sarcomas in individuals with HIV/AIDS 
as well as in organ transplant recipients, thus igniting interest in 
the exploration of novel oncoviral aetiologies. Using emerging 21st 
century technology, such as metagenomic “shotgun” sequencing, 
Dr. Chan hopes to accelerate the discovery of these oncoviruses. 
From a diagnostic perspective, Dr. Nagavalli is exploring the use 
of an assay that can detect circulating tumour DNA in plasma 
samples from patients with gastrointestinal stromal tumours. 
This exciting field is evolving rapidly and, once validated, can be 
used to diagnose and monitor the clinical status and progress of 
patients with gastrointestinal stromal tumours.

PRACTICE CHANGING CLINICAL TRIALS

Dr. Grace Tan is close to completing a feasibility study of 
adjuvant HIPEC for high-risk colorectal cancers, and is in the 
midst of planning a multi-institutional, randomised, controlled 
trial to evaluate the efficacy of adjuvant HIPEC. This is to prevent 
the development of PC into high-risk colorectal cancers and 
will be the first trial of its kind in Asia. If effective, this trial could 
change the outcomes of colorectal cancers that are at a high risk 
of peritoneal recurrence, and alter the management policies of 
this disease. 

Gastric peritoneal carcinomatosis, on the other hand, is believed 
to have a different tumour biology, and Dr. Claramae Chia 
aims to compare if bi-directional chemotherapy is superior to 
palliative chemotherapy in prolonging median overall survival 
in patients with this disease. Bi-directional chemotherapy works 
by the simultaneous delivery of intravenous and intraperitoneal 
chemotherapy, thereby creating a diffusion gradient and 
creating a wider treatment area. Several bi-directional 
chemotherapy regimens have been investigated and shown to 
be well tolerated, with up to 52% response rate. In addition, Dr. 
Chia also leads the prospective quality-of-life studies in patients 
who have undergone CRS and HIPEC. 

In a similar vein, Dr. Clarinda Chua and Dr. Grace Tan are 
embarking on a collaborative, multi-centre, phase I clinical trial to 
ascertain the tolerability and safety of pressurised intraperitoneal 
aerosol chemotherapy (PIPAC) with oxaliplatin in patients with 
gastrointestinal peritoneal metastases. PIPAC is a relatively novel 
technique of delivering intraperitoneal chemotherapy for patients 
with peritoneal disease. Using various cytotoxic agents at different 
doses, PIPAC has shown encouraging results in small series and 
early-phase studies. In most of these studies, the cytotoxic agents 
employed in PIPAC are dependent on the origin of the peritoneal 
metastasis, and generally include platinum drugs (such as 
oxaliplatin and cisplatin) and anthracyclines (such as doxorubicin). 

Figure 1: Framework of the 
multidisciplinary approach 

of the NCCS in the 
management of peritoneal 

disease and sarcomas.
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Assistant Professor Johnny Ong is currently an Associate 
Consultant in the Division of Surgical Oncology at the NCCS. He 
graduated from the Yong Loo Lin School of Medicine in 2004 
and was conferred the Dean’s list award for the 2nd Professional 
MBBS exam. He undertook his clinical training as a junior doctor 
between 2005 and 2008. During this period, he was exposed to 
various disciplines of medicine, where he saw that more could 
be done beyond routine clinical care. This led to his decision 
to pursue post-graduate studies in translational research under 
the mentorship of Professor Rebecca Fitzgerald in Cambridge, 
UK. This was funded by the National Medical Research Council 
(NMRC), which granted him a full scholarship to pursue his PhD 
in the UK. His PhD work led to several publications in many 
high-impact factor journals, and his work has been presented 
in numerous international conferences, winning the best 
poster presentation at the British Society of Gastroenterology 
conference in 2013 and an overseas travel grant from the United 
European Gastroenterology Week in 2013. Socially, he was the 
captain of the Cambridge University volleyball team and led the 
team to promotion to Division 1. 

Upon the completion of his PhD training, Asst. Prof. Ong 
continued his training as a surgical trainee and became a fellow 
of the Royal College of Surgeons of Edinburgh in 2016. He was 
also conferred the Best Registrar Award in 2016 for his excellent 
work ethics and clinical dedication. During this time, he also 
laid the foundations for a career as a clinician-scientist by 
performing experiments in the Laboratory of Applied Human 
Genetics under the mentorship of Prof. Oi Lian Kon. His research 
work was recognised by the senior management and he was 
awarded the Strategic Surgeon-Scientist Start-up (S4G) grant 
in 2013 and the SingHealth Young Researcher Award in 2016. 
The preliminary results he gathered from his experiments as a 
surgical registrar also allowed him to be successfully awarded 
the Transition Award from the NMRC in 2017. Academically, Asst. 
Prof. Ong is passionate about teaching the next generation of 
medical students and scientists. His dedication to teaching was 
recognised by the Yong Loo Lin School of Medicine and he was 
awarded the Dean’s Excellence Award for teaching and Special 
Recognition Award for being a role model for medical students 
in 2017. Asst. Prof. Ong’s aspiration is to solve oncological 
problems that the surgical blade fails to do.

RADIOTHERAPY’S EVOLVING ROLE IN SARCOMAS

The role of radiotherapy in sarcoma is constantly evolving. 
Traditionally administered post-operatively with wide fields 
and for limb preservation, preoperative radiation therapy has 
now become a standard of care in many centres. Treatment 
fields and radiation doses have also been reduced to 
decrease the incidence of late toxicities in our patients. There 
is also increasing evidence for the use of proton therapy 
in several sarcoma subtypes, especially in the pediatric 
population and for tumours at the base of skull, spine, and 
pelvis. More research is needed to maximise the benefits 
of radiotherapy and decrease its potential late side effects.  
In this aspect, Dr. Wen Long Nei aims to optimise radiotherapy 
treatment, such as with the use of Intensity Modulated Proton 
Therapy (Figure 2).

COST EFFECTIVENESS STUDIES AND PRACTICE 
CHANGING TRIALS

Dr. Mohamad Farid is interested in understanding the role of 
decision analysis in the treatment of sarcoma. Decision analysis may 
have a unique role in rare cancers like sarcomas where epistemic 
uncertainty (the lack of reliable information about probabilities 
and parameter values) is particularly acute. Far from providing a 
single, unassailable answer to knotty clinical issues, their primary 
goal is to unveil underlying assumptions and premises, providing 
a means to challenge and refine them. Crucially, these analyses 
are not attempts to “save money” but, instead, aid to make more 
optimal and value-congruent decisions. They may be most 
impactful when used to address critical questions in diagnosis, 
early management, and survivorship, perhaps more so than in the 
evaluation of complex therapies in late-stage disease. With the aim 
to reduce recurrence and improve overall survival in patients with 
recurrent sarcomas, Asst. Prof. Johnny Ong is actively involved in 
an early-phase clinical study to evaluate the use of HIPEC in high-
risk recurrent retroperitoneal sarcoma to prevent local recurrence 
and improve patient outcomes. 

CANCER GENETICS FOR SARCOMA 

Dr. Joanne Ngeow is particularly interested in understanding the 
associations of sarcoma and heritable cancer syndromes, and the 
implication of genetic predisposition in sarcoma development. For 
instance, Li-Fraumeni syndrome, an autosomal dominant cancer 
susceptibility disorder associated with germline TP53-deficiency, 
is characterised by early-onset cancers, predominantly sarcoma. 
In a study of young sarcoma patients, 10% harboured germline 

mutations regardless of family history, as determined using next-
generation sequencing, which implies an unexpectedly greater 
role for genetic predisposition in Asian sarcomas. Using whole-
genome sequencing, Dr. Ngeow’s team also identified a novel 
germline deletion of the CDKN2A-CDKN2B locus in a patient 
with malignant peripheral nerve sheath tumour, and functionally 
demonstrated loss of CDKN2A-encoded tumour suppressor 
p14ARF in the sarcoma lesion pheno-copied TP53-deficiency, 
which is observed in Li-Fraumeni syndrome patients. Detection 
of cancer predisposition syndromes in sarcoma patients will not 
only enable optimisation of treatment strategies to reduce toxicity 
and facilitate interventional surveillance but also allow for genetic 
counselling and testing of family members at risk of cancer.

YOUNG INVESTIGATORS

Dr. Valerie Yang is currently a Senior Resident with the 
Department of Medical Oncology at the NCCS. She received 
the National Science Scholarship from the Agency for Science, 
Technology and Research (A*STAR), Singapore, which granted 
her a full scholarship to read Medicine and a PhD in the UK. She 
graduated from the Royal Free and University College Medical 
School with Distinction in Preclinical Medicine, as well as First 
Class Honours for a Bachelor of Science (BSc) in Molecular 
Medicine. She was conferred the Cluff Memorial Prize and the 
Goldberg-Schachmann and Freda Becker Memorial Award, and 
joined the A*STAR Chairman’s Honours List for her Preclinical 
Medicine and BSc achievements. Dr. Yang then continued with 
Clinical Medicine at the University of Cambridge, where she was 
accepted into the prestigious MB/PhD Programme. Her PhD was 
supervised by Prof. Ronald Laskey, CBE, FRS, where she studied 
DNA replication, cell cycle regulation and embryonic stem cell 
pluripotency. Her PhD work won her the first prize in Cambridge 
University’s Graduate Research Symposium, a competition among 
all Life Science PhD candidates in the university. This work also 
led to several publications, as well as oral presentations, including 
the Cold Spring Harbour Laboratory Conference and the Sylvia 
Lawler Prize Meeting at the Royal Society of Medicine. She was 
also invited as a speaker to the Chromatin, Chromosomal Stability 
and Genome Maintenance Conference held in Copenhagen. She 
also held a teaching position in the Cambridge University School 
of Medicine as an Associate Clinical Supervisor. Upon her return 
to Singapore, Dr. Yang commenced life as a busy house officer, 
resident, then senior resident. She received postgraduate training 
in Internal Medicine and was accepted to the Membership of 
the Royal College of Physicians (MRCP), UK, before commencing 
specialty training in Medical Oncology at the NCCS. Throughout 
her postgraduate training in Singapore, she has taken on roles in 
teaching and mentoring as an invited lecturer to PhD students, 
as well as a Clinical Lecturer to medical students at the Yong Loo 
Lin School of Medicine. She was the Chairman of the Residents’ 
Research Subcommittee, National University Health System 
(NUHS), and was selected for the Academic Development 
Programme at NUHS. She was conferred the Nurturing Clinician-
Scientists Scheme Award (NCSS) by SingHealth for her research 
work. Dr. Yang aspires to be a full-time clinician-scientist: 
formulating solutions beyond conventional chemotherapeutics 
with sound scientific translational research. 

Figure 2: Comparative dosimetric plans using Pencil Beam Proton Therapy 
(left) and conventional radiotherapy (right).

Assistant Professor 
Johnny ONG 

National Cancer Centre Singapore  
HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

Research Biennial Book  
2016-2018

44 45

PROGRAMMES: DISEASE FOCUSPROGRAMMES: DISEASE FOCUS



 CANCER THERAPEUTICS
 PROTON BEAM THERAPY
 CANCER GENETICS
 SUPPORTIVE & PALLIATIVE 

CARE RESEARCH
 TRANSLATIONAL IMAGING

PROGRAMMES

RESEARCH THEMES



C
A

N
CE

R 
TH

ER
A

PE
U

TI
CS

C
A

N
CER TH

ER
A

PEU
TICS

E xpanding screening programmes, better cancer diagnostics, breakthrough therapeutics, 
and biomarker-guided precision oncology have all improved the overall outlook for 
cancer. However, these advances have not been achieved for all cancers. Advanced 

hepatocellular carcinoma (HCC) and other solid tumours with cancer spread already continue 
to be a therapeutic challenge that limits patient survival. Against this backdrop, laboratories in 
the NCCS are focused on developing new therapeutics to address these grim clinical situations. 

Assoc. Prof. Han Chong Toh and his team have been developing and conducting clinical trials for cellular and immunotherapy 
since 2002 to treat cancers such as colorectal cancer, nasopharyngeal carcinoma (NPC), and other epithelial cancers, including breast 
and ovarian cancers. He and his team are currently leading a collaborative effort to conduct the world’s first Phase III adoptive T cell 
therapy clinical trial to treat patients with advanced NPC. Prof. Oi Lian Kon and collaborators are investigating mitochondrial anti-
cancer drug delivery by various chemical modification strategies. These studies use a lung cancer cell line model that reprises MET-
amplification as an oncogenic bypass mechanism in acquired resistance to EGFR kinase inhibitors. Dr. Jian Cheng Hu’s laboratory 
focuses on uncovering the molecular mechanisms that underlie hyperactive Ras/RAS/MEK/ERK signalling-driven malignancies and 
drug resistance in targeted therapies with RAF/MEK inhibitors. Prof. William Hwang’s research focuses on expanding or replacing 
the role of hematopoietic and mesenchymal stromal cells to enhance hematopoietic recovery after high-dose chemotherapy and 
transplantation, as well as for the treatment of autoimmune disease.

CANCER THERAPEUTICS
BY HAN CHONG TOH AND OI LIAN KON

CANCER IMMUNOTHERAPY 

The immune system identifies and destroys foreign “intruders” 
by discriminating “self” from “non-self.” Although cancer cells 
originate from patients’ own cells, they may be recognised and 
attacked by the immune system due to expression of tumour-
associated antigens (TAA), which are not expressed by normal 
cells. These antigens may be viral antigens (e.g., Epstein-Barr 
virus) in virus-associated cancers, such as NPC, or “self” antigens, 
such as the family of cancer/testis antigens, the expression of 
which is restricted to germ cells and several cancers, including 
colorectal cancer, lung cancer, hepatobiliary cancers, and 
melanoma. A role for the immune system in cancer control 
has long been suggested, likely because of observations that 
there are significantly higher incidences of malignancies in 
immunocompromised patients, such as in organ transplant 
patients who receive immune-suppressive drugs. The rationale 
for tumour-specific cancer immunotherapy is thus to induce 
or boost such anti-TAA immune responses in these patients, 
with the aim to activate and expand TAA-specific cytotoxic T 
lymphocytes (CTLs) that kill tumour cells expressing the tumour 
antigen in question. Such therapeutic intervention could be 
in the form of a vaccination with TAA or TAA-pulsed antigen-
presenting cells, such as dendritic cells (DC) derived from 
patient or donor peripheral blood monocytes, or through the 
adoptive transfer of ex vivo expanded antigen-specific cytotoxic 
T-lymphocytes.

The NCCS has been actively involved in the development of cell-
based cancer immunotherapies since 2002. The Laboratory of 
Cell Therapy and Cancer Vaccine in NCCS, led by Assoc. Prof. Han 
Chong Toh, has achieved compelling results in their clinical trials 
of cellular immunotherapy strategies for treating solid tumours, 
such as colorectal cancer and NPC. The immunotherapy clinical 
trials that have been completed in the NCCS include:

1. A Phase II trial of non-myeloablative blood stem cell 
transplantation with or without delayed donor lymphocyte 
infusion therapy for 21 refractory stage IV NPC patients. 
The aim of this trial was to induce graft-versus-tumour 
responses (2002-2007). Approximately 37% of patients 
evaluated achieved significant tumour shrinkage (partial 
response, PR), and 16% achieved stable disease (SD), with 
an overall disease control rate of 53%. This was the world’s 
first allogenic blood stem cell transplant study in NPC and 
was the first to demonstrate an allogenic immune response 
(graft-versus-tumour effect) against NPC. Allogenic blood 
stem cell transplants are commonly used in blood cancers, 
such as leukaemia, lymphoma, and multiple myeloma, and 
its role in solid tumours remains investigational.

2. In collaboration with Dandrit Biotech A/S (Denmark), a 
Phase II clinical trial was conducted in 2005 to 2006 for an 
allogeneic tumour cell lysate-pulsed autologous dendritic 
cell (DC) cancer vaccine (MelCancerVac®) in 20 patients 

with advanced colorectal cancer who progressed on 
chemotherapy. The result showed a clinical benefit rate of 
40% (1 PR and 7 SD), with two patients achieving long-term 
(>5 years) disease control and one patient alive beyond 10 
years. For many years, cancer vaccines have been tested 
against numerous cancer types, with variable results. The 
field has seen many advances recently and there is optimism 
for its role across many cancers.

3. In partnership with the Center for Cell and Gene Therapy 
(CAGT), Baylor College of Medicine, Houston, Texas, USA, 
another Phase II DC vaccine clinical trial was conducted from 
2007 to 2008. Sixteen NPC patients were vaccinated with a 
DC vaccine transduced with an adenoviral vector to express 
the NPC-associated Epstein-Barr virus antigens LMP-1 and 
LMP-2. Two patients (12.5%) achieved disease stabilisation 
for >18 weeks and one patient achieved PR, leading to an 
overall clinical benefit of 19%. 

4. In a second collaboration with the CAGT, Assoc. Prof. Toh’s team 
completed a phase II clinical trial of combined gemcitabine and 
carboplatin (GC) chemotherapy with adoptive Epstein-Barr 
virus (EBV)-specific T cell therapy in 38 patients with advanced 
NPC. This trial was conducted from 2008 to 2012. Autologous 
EBV-specific T cells in these patients were reactivated and 
expanded ex vivo from peripheral blood mononuclear cells 
(PBMC). These expanded T cells were infused back into the 
same patients after completion of their GC treatment cycles, 
attaining a response rate of 71.4%, with three complete and 22 
partial responses. The remaining patients had stable disease, 
thus resulting in a clinical benefit of 100% and 2- and 3-year 
overall survival (OS) rates of 62.9% and 37.1%, respectively.

With the encouraging results of this autologous EBV-specific 
cytotoxic T cell treatment for advanced NPC patients, Assoc. 
Prof. Toh and his team went on to establish a collaboration with 
a Singaporean biotechnology company, Tessa Therapeutics, 
and embarked on an ambitious project of conducting an 
international, multi-centre, randomised Phase III FDA IND 
clinical trial in similar NPC patients to further develop this 
treatment and bring it closer to approval. Besides Singapore, 
this trial also involves participating sites in Malaysia, Thailand, 
Taiwan, and the USA (following the successful clinical trial 
license application to Singapore’s Health Science Authority 
(HSA), Malaysia’s National Pharmaceutical Control Bureau 
[NPCB], the Thai and Taiwanese regulatory agencies and the 
US Food and Drug Administration [US FDA]). Assoc. Prof. Toh 
is the coordinating PI. Active recruitment of eligible patients 
was initiated in July 2014. In total, this trial has established 30 
sites, including from the United States, Stanford; University 
of California, San Francisco; Massachusetts General Hospital; 
and City of Hope Cancer Center. This study aims to prove if 
the addition of T cells that can recognise and attack the virus 
proteins expressed on NPC can improve the survival of these 
patients over chemotherapy alone.

Another immunotherapy clinical trial currently underway 
in the NCCS is a First-in-Human Phase I Ad-sig-hMUC-1/
ecdCD40L cancer vaccine trial in collaboration with a US 
biotech company. This is an adenovirus vector-based cancer 
vaccine that aims to induce an anti-MUC-1 immune response 

in cancer patients whose tumours express the MUC-1 antigen, 
commonly expressed in epithelial cancers, such as lung, breast, 
colon, ovary, and prostate cancers. This trial was commenced 
in September 2014. Eighteen patients in the dose-escalation 
cohort have been recruited and an expansion cohort is ongoing. 
Comprehensive immune monitoring is also currently ongoing. 
Because the trial has shown that this cancer vaccine is safe with 
few side effects, the next objective is to show it can also have 
a significant anti-cancer benefit in a larger group of patients.

Assoc. Prof. Toh and his scientific team are also actively 
investigating other potential immunotherapeutic strategies. 
These include developing better gamma-delta T (γδT) cells 
for cancer treatment. In addition to conducting these bench-
to-bedside studies, the team is also actively conducting 
bedside-to-bench investigations, with efforts toward trying 
to discover biomarkers that predict the effectiveness of these 
immunotherapies for better patient selection as well as potential 
strategies to improve their efficacy. One such biomarker study 
is the identification of myeloid-derived suppressor cell levels as 
a powerful predictive marker for overall survival following EBV-
targeting T cell therapy in advanced NPC patients. 

Another immunotherapeutic strategy being actively 
pursued by several groups worldwide is the development of 
therapeutics aimed at modulating the immune–inhibitory 
microenvironment within tumours to make it favourable for 
the function of anti-tumour immune cells. One such strategy 
that has shown very promising results in several recent trials is 
the use of “checkpoint inhibitors.” Examples of these immune 
checkpoint inhibitors already approved by regulatory authorities 
such as the US FDA include Ipilimumab (anti-CTLA-4 antibody; 
produced by Medarex), Pembrolizumab (anti-PD-1 antibody; by 
MERCK), and Nivolumab (anti-PD-1 antibody; by Bristol-Myers 
Squibb). Led by the NCCS, a collaborative team of scientists 
from several institutions, including the Institute of Molecular 
and Cell Biology (IMCB), Singapore, and Duke-NUS Medical 
School, Singapore, as well as industrial partners, are studying the 
dynamic interactions between the immune microenvironment 
and selected solid tumours prevalent in this region, such as HCC 
and NPC, and investigating the possibility of developing novel 
new therapeutics that target the tumour microenvironment to 
potentiate a more effective anti-tumour immune response. A 
major focus is to combine rational therapies to further improve 
the outcomes of single-agent immune checkpoint inhibitor 
therapy. This work is currently ongoing in pre-clinical animal 
models. To achieve this, the Toh laboratory collaborates actively 
with industry partners, including Big Pharma and emerging 
biotechnology companies.

Assoc. Prof. Toh now leads the VICTORY (Virus-Induced Cancer: 
Translational Oncology Research and immunology) consortium, 
an NMRC Large Collaborative Grant (LCG) that encompasses 
institutions across Singapore, including Duke-NUS-SingHealth; 
National Cancer Institute of Singapore, A*STAR; National 
Technological University; and multiple industry partners. This 
will build a more comprehensive and expansive programme 
of immunotherapy and translational immunology for virus-
induced cancers, such as NPC, HCC, head and neck cancers, and 
cervical cancers. One of the key objectives is to develop better 
immunotherapies for such cancers to move into clinical trials.
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Figure 2: Colonies of activated and proliferating Epstein-Barr virus 
(EBV)-specific T cells in culture.

GENETIC ALTERATION CANCERS

EGFR
Overexpression

Colorectal cancer (30% to 50%) Glioblastoma (40%)

Pancreatic cancer (30% to 90%) Breast cancer (HER2, 20% to 25%)

NSCLC (20% to 30%)

Mutation NSCLC (20%) Glioblastoma (20%)

Ras Mutation

Pancreatic cancer (Kras, 60%) Lung cancer (Kras, 20%)

Colon cancer (Kras, 35%) Melanoma (Nras, 20%)

Biliary tract cancer (Kras, 30%) Thyroid cancer (Nras, 10% to 20%)

BRAF Mutation Melanoma (50%) Hairy cell leukaemia (85%)

Thyroid cancer (45%) Langerhans cell histiocytosis (50%)

Colon cancer (5% to 15%) Brain cancer

 Microsatellite instability CRC (100%)  Ganglioglioma (30% to 60%)

Lung cancer (3%)  Pilocytic astrocytoma (10% to 15%)

SB/LGS ovarian cancer (35%)

DRUG DESIGN FOR HYPERACTIVE RAS/RAF/MEK/
ERK SIGNALLING-DRIVEN CANCERS 

The Ras/Raf/MEK/ERK (extracellular signal-regulated kinase) 
signalling cascade plays a central role in cellular proliferation, 
differentiation and survival. This signalling cascade is tightly and 
precisely controlled in normal cells, and its aberrant activation 
results in human cancers and other diseases. Table 1 shows the 
frequency of hyperactive Ras/Raf/MEK/ERK signalling across 
human cancers. 

Targeting this pathway for cancer therapy is one of hottest 
topics in current biomedical research, and is also the research 
goal of Dr. Jian Cheng Hu’s laboratory. Specifically, the laboratory 
is focusing on molecular mechanisms that govern hyperactive 
Ras/RAF/MEK/ERK signalling-driven cancer development and 
developing novel drugs against cancers with genetic alterations 
in this pathway.

DISTINCT REGULATORY MECHANISMS OF 
DIFFERENT RAF ISOFORMS AND THEIR ROLES  
IN CANCERS

Raf kinase is a pivotal component of the Ras/Raf/MEK/ERK 
signalling cascade, which transmits a signal from GTP-bound 
Ras to activate MEK by phosphorylation. Raf kinases consist 
of three family members: BRAF, CRAF, and ARAF. Genetic 
alterations that activate Ras/Raf/MEK/ERK signalling in cancers 
mainly occur through Raf kinase or upstream molecules. As 
such, Raf has been regarded as an ideal target for drug design. 

Indeed, two Raf kinase inhibitors (vemurafenib and dabrafenib) 
have been developed and are used in the clinical treatment of 
late-stage BRAF (V600E)-positive cancer patients. Unfortunately, 
Raf kinase inhibitors do not impair but promote the growth of 
cancers that harbour Ras or RTK mutations. Mechanistic studies 
have shown that, in these cancers, wild-type Raf molecules are 
not inhibited but, paradoxically, activated by inhibitors through 
a dimerization-dependent mechanism (Hu J, et al., Cell, 2013; 
Lavoie and Therrien, Nat Rev Mol Cell Biol, 2015). Moreover, 
although BRAF is the dominant mutated member of Raf kinase 
in cancers, CRAF may also be a major player in Ras/RTK-mutated 
cancers. Unlike BRAF, CRAF forms a super complex with MEK, 
KSR (kinase suppressor of Ras), and other unknown proteins 
that are resistant to Raf or MEK inhibitors. These findings 
indicate that different Raf molecules are regulated through 
distinct mechanisms and contribute to the development of 
different types of cancers with similar molecular structures and 
an identical triggering of the MEK-ERK downstream pathway. An 
understanding of the regulatory mechanisms of these various 
complexing molecules will not only provide a conceptual 
framework for drug design against hyperactive Ras/Raf-induced 
cancers, but also propel the redesign of targeted therapies, and 
therefore improve clinical outcomes for cancer patients whose 
tumours harbour mutations in Ras, Raf, or RTKs.

MOLECULAR BASIS UNDERLYING BRAF(V600E)-
INDUCED HAEMATOPOIETIC MALIGNANCY 

Among the cancer-related mutagenesis spectrum of Raf 
kinases, BRAF(V600E) represents the most frequent mutation 
and accounts for >90% of cases. Moreover, BRAF(V600E) is 
enriched in specific cancer types, such as melanoma, papillary 
thyroid cancer, and colorectal carcinoma. Recent studies 
also identified BRAF(V600E) as a highly prevalent driver of 
hairy cell leukaemia and systemic histiocytosis; although, it is 
rare among all haematopoietic malignancies. Interestingly, 
somatic BRAF(V600E) mutations in haematopoietic malignancy 
occurs at the progenitor cell stage, whereas, in other types of 
cancers, it occurs during the terminal differentiated cell stage.  

Dr. Jian Cheng HU Professor Oi Lian KON Professor William 
HWANG 

RESEARCHERS

Associate Professor 
Han Chong TOH 

Figure 1: Mature and antigen-pulsed dendritic cells ready to be 
harvested for use as a cancer vaccine.

Whereas the BRAF(V600E) mutation in haematopoietic stem 
cells induces hairy cell leukaemia, the same mutation in mature 
B cells or differentiated B cell progenitors is not associated with 
disease. The molecular basis underlying this phenomenon is still 
a puzzle, and its resolution will contribute much to improving 
the current treatment strategies for BRAF(V600E)-positive hairy 
cell leukaemia/systemic histiocytosis.

ENHANCING HAEMATOPOIETIC 
TRANSPLANTATION STRATEGIES

Prof. William Hwang’s research team focuses on expanding or 
replacing the role of haematopoietic and mesenchymal stromal 
cells to enhance haematopoietic recovery after high-dose 
chemotherapy and transplantation as well as for the treatment 
of autoimmune disease.

The team has developed a small molecule that can expand 
blood stem cells effectively and that can significantly improve 
the outcome of haematopoietic blood stem cell transplants, 
especially cord blood transplants. Interestingly, this molecule 
appears to encourage the growth of the most primitive blood 
stem cells while suppressing the growth of leukaemia cells, 
suggesting a potential for use in accelerating haematopoietic 
recovery with simultaneous leukaemia control. 

In addition, Prof. Hwang’s team has developed a two-factor (2F) 
combination that can effectively treat graft versus host disease 
as well as autoimmune disease in mice. These technologies 
have been patented and the group is currently looking to bring 
both treatments to clinical trials.

The laboratory has also recently identified a new role for the 
stromal microenvironment in the pathogenesis and disease 
progression of myelodysplastic syndromes, a pre-leukaemic 
disorder of the bone marrow. This could provide a basis for 
the introduction of new cancer drugs that target the stromal 
microenvironment and the means for identifying patient 
populations that may benefit from such therapy.

Table 1: Hyperactive Ras/Raf/MEK/ERK Signalling in Cancers
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The clinical use of PBT is motivated primarily by its inverted, 
depth-dose profile as compared with the use of photons, and is 
uniquely characterised by the Bragg peak (Figure 1, right graph). 
PBT is thus able to offer a physical dosimetric advantage over 
the use of photons by avoiding unnecessary irradiation of the 
adjacent normal tissues. Compared with photons, PBT also causes 
enhanced cell killing due to the increased Linear Energy Transfer 
(LET) when proton particles approach the Bragg peak. High LET 
values are indicative of localised energy deposition, resulting in 
the induction of enhanced, irreparable biological damage. The 
increased effectiveness of protons compared to photons may 
be quantified by Relative Biological Effectiveness (RBE), which 
is scored as 1.1 in favour of PBT. However, despite the evidence 
from in vitro studies modelling the 1.1-fold increased efficacy of 
PBT over photon X-irradiation, the mechanisms underpinning the 
increased tissue responses are unclear. 

T he number of cancer cases in Singapore will rise by 2.5 times over the next 20 years due 
to an aging population, and around 50% of all cancer patients will require radiotherapy. 
Precise targeting by radiotherapy is thus crucial to maximise the therapeutic ratio of 

this integral treatment modality. The NCCS has therefore incorporated a Proton Beam Therapy 
(PBT) clinical programme in its new Centre, along with a comprehensive translational research 
framework to understand the physical and biological advantages of PBT in the lead up to its 
clinical implementation.

PROTON BEAM THERAPY
BY KHEE CHEE SOO, MELVIN CHUA, TED LIN & DENNIS POON

Theme 1 is led by Prof. Andrew Anthony Bettoil, at the Centre 
of Ion Beam Applications (CIBA), Physics Department, National 
University of Singapore (NUS), who works on experimental 
microbeam radiobiology as well as the construction of the 
proton beam line for cancer cell irradiation. 

Theme 2 is led by Prof. Thomas Osipowicz at CIBA, Physics 
Department, NUS, who will explore computational simulations 
of proton beam track and its induced DNA damage. 

Theme 3 is led by Prof. Bin Tean Teh at DMS, NCCS, who 
focuses on integrative profiling of genetic and epigenetic 
landscapes following cellular exposure to PBT. 

Theme 4 is led by Prof. Kanaga Sabapathy at the Division 
of Cellular and Molecular Research (CMR), NCCS, who aims to 
investigate differential cancer cell signalling pathways that are 
induced by PBT and photon irradiation. 

Theme 5 is led by Dr. Edward Kai-Hua Chow at the Cancer 
Science Institute, NUS, who will investigate the molecular 
mechanisms underpinning cancer stem cells radioresistance. 

Figure 2. Team leaders and their respective projects are depicted, highlighting our collaborative multidisciplinary approach to investigating physical, 
chemical, biological and clinical effects of proton beam therapy in comparison with traditional photon-based radiotherapy.

On this note, we have thus assembled a multidisciplinary 
research team to conduct research from bench to bedside, 
encompassing fundamental research in cancer cells, 
translational research using animal models of cancers, and 
clinical research in PBT-treated cancer patients. Our programme 
is led by two clinician-scientists: Prof. Khee Chee Soo, NCCS 
Director (1997-2017) and a Principal Investigator at the Division 
of Medical Sciences (DMS), NCCS and Dr. Melvin Lee Kiang 
Chua at the Division of Radiation Oncology (DRO), NCCS. The 
programme encompasses eight research teams across institutes 
and universities that are specialised in physics, cancer molecular 
and stem cell biology, cancer genomics and epigenomics, 
pharmacology, radioresistance, in vivo tumour models for N = 1 
novel radiosensitiser drug trials, and radiotherapy technological 
innovation. The members and scope of their work are as 
outlined (Figure 2). 

Theme 6 is led by Prof. Khee Chee Soo and Dr. Melvin Chua 
with the help from Prof. Giorgia Pastorin at the Pharmacy 
Department, NUS. Together, the group aims to develop novel 
nanoparticle compounds as radiosensitisers for PBT. 

Theme 7 is led by Prof. The Hung Huynh at CMR, NCCS with 
the support from Dr. Ann-Marie Chacko at Cancer and Stem 
Cell Biology Program, Duke-NUS Medical School. This team 
will use photon and proton irradiation to treat patient-derived 
xenograft mouse models of hepatocellular carcinoma (HCC), 
and couple the in vivo experiments with real-time imaging of 
molecular processes in situ. 

Theme 8 is led by Dr. Francis Kuok-Choon Chin and Dr. 
Jeffrey Kit-Loong Tuan at DRO, NCCS, who aim to develop 
a cancer registry to track patient demographics, treatment 
planning parameters, tumour responses, and survival outcomes, 
including quality of life and health-economic metrics. In 
recognition of this multidisciplinary approach, the Team was 
awarded a National-level Competitive Research Programme 
(CRP) Grant award by the Singapore National Research 
Foundation, with a funding quantum of SGD 9.13 million for 5 
years from June 2017 to May 2022.

(Right)The ideal beam profile is 
demonstrated in this figure. In 

this profile, the maximum dose is 
deposited in the tumour deep within 
the patients with a smaller entrance 

dose and no exit dose.

Figure 1. Inverted dose distribution of the proton beam offers a reduced radiation dose to the tissue in the beam path in front of and behind the 
tumour (Bragg peak drop off; right) as compared with conventional X-ray photon beam (left).

(Left) This illustrates the depth  
dose profile of an x-ray beam 
relative to skin surface and tissues 
beneath the skin. The green areas 
denote radiation exposed regions  
in the patient.
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Some of the group’s notable achievements in the past year 
include: 1) Constructing a first-in-kind, single-cell and broad-beam 
proton irradiation facility in Singapore, located at CIBA, NUS. Our 
newly constructed facility can carry out live-cell proton targeting 
and imaging with cellular and sub-cellular resolution. 2) We have 
successfully developed radioresistant HCC tumour models, as well 
as immuno-competent syngeneic tumour models. 3) We have 
gained a preliminary understanding of DNA damage response in 
several cancer cell lines, including cancer stem cells. 

In addition, as part of the CRP, we aim to foster close research 
collaborations with several academic institutes around the 
world, including the Chang Gung Memorial Hospital, Taipei; 
the Manchester Cancer Research Centre, UK; and The OncoRay 
Centre for Radiation Research in Oncology, Dresden, Germany. 
Each collaboration will be aligned with the respective Themes. 
We hope to leverage on the knowledge gained from this work 
to formulate a strong academic PBT programme that will 
coincide with the new NCCS building expected in 2021. 

YOUNG INVESTIGATOR

Dr. Melvin Chua is a Clinician-Scientist, and Principal Investigator 
of the Translational Radiation Oncology Research Group, 
Division of Radiation Oncology, with a track record of more than 
SGD 10,000,000 of competitive grant funding (as primary and 
joint applicant) since 2014. In addition, he has previous work 
experience in a large-scale cancer genomics programme, the 
Canadian Prostate Cancer Gene Network (CPC-GENE), which was 
the lead site for the International Cancer Genomics Consortium 
for prostate cancer. His research is focused on precision medicine 
using prognostic and predictive biomarkers, and experimental 
therapeutics in the management of prostate and nasopharynx 

cancers. In particular, his group is interested in using modern 
“omics” approaches to interrogate the molecular underpinnings 
of radioresistance of these tumours, and layering these datasets 
with validated prognostic clinical tools developed by the group 
(www.PRANCIS.Medlever.com) to improve clinical risk stratification 
and precision treatment of patients. To date, his group has profiled 
>500 men in this and other molecular epidemiology studies. 

Dr. Chua is also currently involved in an NRF-funded, 5-year 
clinical research programme (as the co-Principal Investigator) 
to investigate novel mechanisms of Proton Beam Therapy (PBT) 
targeting of tumours. The programme themes encompass 
characterising exclusive genomic and epigenomic alterations 
induced by PBT; deciphering differential immune responses 
between PBT and conventional photon irradiation; testing 
novel drug and nanoparticle conjugate combinations with PBT; 
and developing novel imaging tools to survey for treatment 
responses. Overall, the synergy among the projects contributes 
to the ultimate clinical goal: comprehensive patient profiling for 
precise risk stratification for modern PBT. 

Dr. Chua’s laboratory is competent in most molecular biology 
techniques, including western blot, multi-gating flow cytometry, 
cell sorting, immunochemistry, cytogenetics, confocal 
microscopy, developing animal tumour models for novel 
drug testing, among others. His laboratory also collaborates 
with multiple academic and industrial partners on next-
generation sequencing platforms (SYSUCC – Guangzhou, OICR 
– Toronto, etc.) and immune profiling (immunoSCAPE) using 
mass cytometry; developing and testing novel nanoparticle 
compounds for the sensitisation of cancer treatments (NUS, 
Singapore); and in building public cloud-based data resources 
comprising matched clinico-genomics datasets.
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T he Cancer Genetics Service (CGS) is the clinical branch of the broader Inherited Cancer 
and Rare Disease Translational Research Programme. In March, 2014, Dr. Joanne Ngeow, 
returned from subspecialty training in Cancer Genomic Medicine to lead the CGS. The 

mission of the CGS is to serve as an expert base in the principles and practice of genetic and 
genomic medicine as a single platform for research, academic clinical practice, and education for 
the NCCS. This is to ensure that personalised healthcare is based on rigorously researched and 
validated genetic information that can be incorporated into all healthcare decisions. The CGS 
serves as a self- and physician-referral-based clinical centre that provides expert genetic risk 
assessment for a broad array of diseases, education, genetic counselling, targeted gene testing, 
medical management recommendations, and appropriate multi-specialty referrals. It is unique 
because the comprehensive clinical practice of medical genetics and genomic medicine is housed 
under one roof in proximity to the research on which the evidence-based practice of personalised 
genetic healthcare is performed. 

CANCER GENETICS
BY JOANNE NGEOW

Aligned with the mission of the NCCS and 
SingHealth, the CGS strives to achieve 
excellence in all areas of the academic 
practice of validated genetic medicine 
and to the rigorous study of emerging 
areas of genomic medicine practice by: 

 Providing world-class care to all 
who need and/or desire a genetic 
medicine consultation 

 Acting as an expert resource for the 
community and other healthcare 
professionals through a broad range 
of educational activities 

 Advancing knowledge on which 
evidence-based practice of validated 
genetic medicine is practiced by 
participating in clinical translational 
research 

 Preparing all trainees who receive 
education through the CGS to care 
for those with genetic conditions and 
their families

Professor Bin Tean TEH 
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Dr. Joanne NGEOW 

Pheochromocytoma syndrome, Li Fraumeni syndrome and 
other cancer predisposition syndromes. Patients with a family 
history or those with young onset cancer are the key reasons for 
referral. Through efforts to standardise genetic clinical practice 
and increase efficiency, the CGS has dramatically increased 
patient access and decreased wait times. Currently, the CGS 
provides same-day service.

Because genetics informs all subspecialties of clinical practice in 
the 21st century, the CGS has initiated and built a multidisciplinary 
platform for clinical care, with each discipline comprising 
multiple subspecialists from many clinical departments. Since 
2014, the following clinics/ workflows have been established for:

 Multidisciplinary High-Risk Colon Cancer Clinic 

 Multidisciplinary High-Risk Breast and  
Ovarian Cancer Clinic

 High-Risk Endocrine Neoplasia Clinic

 Childhood Cancer Predisposition Clinic 

In the next 3 years, we have initiated the following to better care 
for patients with genetic predisposition:

 Skin Cancer Syndromes Clinic

 Neurofibromatosis 1 Clinic

 PTEN Centre of Excellence 

 VHL Alliance Centre of Excellence 

 Inherited Bone Marrow Failure Syndromes Clinic

 At-Risk of Cancer Support Group (ARCS) 

(Left to right) Zoe Ang, Yanni Chen, Tarryn Shaw, Shao-Tzu Li, Dr. Joanne Ngeow, Eliza Kate Courtney, Nur Diana Binte Ishak

Many of these multidisciplinary clinical efforts are also intertwined 
with interdisciplinary basic and translational research across the 
NCCS and throughout SingHealth. In particular, the CGS works 
closely with the Department of Pathology, SGH (Assoc. Prof. Tony 
Lim) to develop clinical molecular tests for screening or testing 
high-risk patients. We will work towards a Centre of Excellence 
(COE) status for the NCCS in several gene-specific disorders (e.g., 
PTEN); these COEs are internationally benchmarked and identifies 
COEs for clinical care and research into these rare disorders. Our 
goal in the next 3 years is to consolidate what has been built, to 
improve predictive testing rates in unaffected family members, 
and to improve carrier’s compliance with surveillance through a 
prospective hereditary cancer registry.

MAJOR ACHIEVEMENTS SINCE INCEPTION

 “Go to” place for clinical cancer genetic and genomic 
medicine clinical practice in Singapore.

 New practice models leading to full-service genetics practice 
with unprecedented patient access and minimal waiting times.

 Publications (Selected highlights from over 20):

• We have published studies determining the prevalence 
of cancer predisposition syndromes in Singapore cohorts 
for breast, endometrial, colon cancers and sarcoma. We 
have validated and published the utility of clinical risk 
calculators and/or checklists for breast cancer as well 
as childhood disorders. Our team works closely with 
international consortia through multi-institutional data-
sharing projects to identify modifiers of genetic risk.

• We have published on the impact of subsidies on genetic 
testing uptake and demonstrated how it can be cost-
saving for the health system.

• Genetic testing in Asia is nascent and our studies 
exploring the factors influencing how genetic testing 
results are shared amongst family members, their choice 
of narrow or broad genetic testing panels, as well as the 
cultural attitudes towards genetic testing have informed 
local and international policy makers on genetic testing 
implementation and serve as a role model for the region.
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YOUNG INVESTIGATOR

Dr. Joanne Ngeow is a uniquely trained clinical cancer geneticist 
having completed fellowships in both Medical Oncology 
and Cancer Genomic Medicine. She was the Ambrose Monell 
Cancer Genomic Medicine Fellow (2010–2013) at the Genomic 
Medicine Institute, Cleveland Clinic, a unique bed and bench 
fellowship specifically aimed at training the next-generation of 
cancer researchers in the implementation of cancer genomic 
medicine for translation in the clinic. She currently heads the 
Cancer Genetics Service at the NCCS.

Dr. Ngeow was awarded consecutive fellowships: SingHealth 
Research Foundation Fellowship (2010–2011), NMRC Research 
Fellowship (2011–2012), and the Ambrose Monell Cancer 
Genomic Medicine Fellowship (2011–2013). Notably, she was 
awarded the ASCO Merit Award in 2012 and 2013 for her work 
in Cowden syndrome. She was awarded the Endocrine Society 
Early Investigator Award in 2016 for her work in hereditary 
thyroid cancer. She was awarded the NMRC Transition Award in 
2013 and the NMRC Clinician-Scientist Award in 2018. She serves 
as an editorial board member in Endocrine Related Cancer and 
contributes actively as a peer reviewer on journals as well as in 
local and international grant review committees.
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CGS is staffed by one staff cancer geneticist (Dr. Joanne Ngeow, 
30% full-time equivalent), two visiting clinical consultants  
(Dr. Min Han Tan and Dr. Peter Ang), 3 full-time certified genetic 
counsellors (Ms. Eliza Courtney, Ms. Shao Tzu Li, and Ms. Tarryn 
Shaw) and one part-time genetic counsellor / medical social 
worker (Ms. Yanni Chen). 

The clinical cancer genetics service is considered a model in the 
nation and one of the most comprehensive, as it is integrated 
between NCCS, SGH, KKH, and CGH for clinical practice, 
translational research and education.

CLINICAL ACTIVITIES

The CGS carries the full suite of genetic medicine services, 
ranging from the genetics of adult-onset disorders, such as 
cancer predisposition syndromes, to rare metabolic disorders. 
The CGS sees outpatients in the NCCS, and provides inpatient 
consultations. The CGS receives referral patients from all 
hospitals, including NUHS, TTSH KTPH, and private doctors. 
Dr. Ngeow provides cancer genetics services to KK Women 
and Children’s Hospital (KKWCH) and Changi General Hospital 
(CGH) in the form of satellite clinics, as well as to clinicians at the 
Outram campus, working closely with the surgeons, oncologists, 
and other clinicians.

Patient visits to the CGS have risen 10-fold since 2014, and 
these numbers look to increase in 2018. Common conditions 
seen at the CGS include Hereditary Breast and Ovarian Cancer 
Syndrome, Lynch syndrome, Hereditary Paraganglioma and 
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Our overall aim is to improve the quality of life of patients and their caregivers 
throughout the disease trajectory – from primary treatment to the survivorship phase 
or end-of-life care. In particular, our goal is to reduce symptoms and treatment-

related toxicities to optimise health and well-being. Novel drug therapeutics are not delivered 
in isolation, but within health systems. As such, innovative and scalable models of care need 
to be developed to maximise the in vivo benefits of cancer treatment. To evaluate these 
novel models of care, we also aim to develop and validate culturally relevant instruments to 
rigorously measure health-related outcomes. 

SUPPORTIVE AND PALLIATIVE CARE 
RESEARCH PROGRAMME
BY GRACE YANG, IRENE TEO, ALEXANDRE CHAN AND LALIT KRISHNA

OUR SPECIFIC AIMS ARE TO DEVELOP:

 EVIDENCE-BASED INTERVENTIONS TO RELIEVE 
PHYSICAL AND PSYCHOLOGICAL SYMPTOMS: 

 Evaluate determinants and develop effective interventions 
for physical and psychosocial symptoms in cancer patients 
and survivors.

 SCALABLE MODELS OF CARE BASED ON HEALTH 
SERVICES RESEARCH: 

 Develop, test, and implement scalable models of care that 
deliver integrated care to cancer patients and survivors 
across different care settings.

 CULTURALLY RELEVANT OUTCOME MEASURES FOR 
ONCOLOGY RESEARCH:

 Develop and validate outcome measures that are 
psychometrically valid and reliable for cancer patients and 
their caregivers in the Asian context.

 EDUCATION IN ONCOLOGY, SUPPORTIVE CARE, AND 
PALLIATIVE CARE:

 Design and implement a holistic and mentored programme 
for the development of research and interest in oncology, 
supportive care, and palliative care amongst medical 
students and junior doctors.

SPECIFIC AIM 1: DEVELOP EVIDENCE-BASED 
INTERVENTIONS TO  
RELIEVE PHYSICAL AND 
PSYCHOLOGICAL SYMPTOMS

PHYSICAL SYMPTOMS

Cancer patients and cancer survivors are living longer with a 
greater burden of symptoms, which adversely affect quality 
of life. The rapidly increasing armamentarium of new cancer 
treatments has resulted in not only better control of cancer over 
a longer time, but also an expanding range of cancer-related 
symptoms and complications, as well as treatment-related 
toxicities over an extended period. 

Chemotherapy-induced peripheral neuropathy (CIPN) is a 
debilitating symptom that is highly prevalent among patients 
receiving chemotherapy drugs such as taxanes and platinum 
agents. In addition, chemotherapy-associated cognitive 
impairment (“chemobrain”) and cancer-related fatigue are 
common symptoms experienced by survivors of cancer. 
Unfortunately, the mechanisms underlying these conditions are 
poorly understood, and hence effective treatments are lacking 
for managing these long-term toxicities. Our group is currently 
running a clinical trial to evaluate the effectiveness of using 
regional cryotherapy to prevent the onset and severity of CIPN. 
Furthermore, we are currently conducting large cohort studies 
to investigate the biochemical, genetic, and clinical predictors of 
chemobrain and cancer-related fatigue in patients with breast 
cancer and in adolescent and young adult cancer survivors. We 
are also in the midst of developing clinical trials (pharmacological 
and non-pharmacological) to mitigate these symptoms.

PSYCHOLOGICAL SYMPTOMS

Psycho-oncological care aims to address patients’ mood and 
worries as they come to terms with their diagnosis, undergo 
treatment, transition into survivorship, or prepare for end of 
life. Although psychological care in supportive and palliative 
services is being increasingly recognised, it is still in its infancy in 
Singapore. We are testing several cognitive behavioural therapy 
(CBT)-based interventions for patients and their caregivers that 
aim to help them cope and find a sense of meaning in their 
life despite their cancer-related suffering. We recently assessed 
the feasibility and acceptability of such a pilot programme for 
advanced breast cancer patients that yielded promising results; 
we are now undertaking a similar programme with advanced 
colorectal cancer patients. We are also about to launch a 
programme to assist patients in the earlier stages of cancer and 
their spouses with issues in intimacy and marital relationships 
due to disease- and treatment-related sequelae. Our aim for 
the next 2 to 3 years is to test the efficacy of these types of 
interventions to understand how psychological care may impact 
patient outcomes and become a standard part of supportive 
and palliative services locally. 

An essential aspect of holistic care is the effective management 
of patients as persons. Rooted in the ethical concepts of 
selfhood, the study of personhood through the “Ring Theory of 
Personhood” facilitates a more culturally sensitive understanding 
of patients, their families, and their choices. In addition, to ensure 
that effective care determinations are made for patients at the 
end of life, we are also studying how multidisciplinary teams 
can provide input into these care determinations, particularly 
when patients may lack such capacity. Studies pertaining to this 
Welfare Model and the Ring Theory of Personhood are ongoing 
and remain at the heart of the ethics research at the Centre. 

SPECIFIC AIM 2: DEVELOP SCALABLE MODELS  
OF CARE BASED ON HEALTH  
SERVICES RESEARCH

Clinical care is currently fragmented across disciplines, specialties, 
and settings. In our local context, it is also heavily based in 
institutional and specialist care settings. Innovative and scalable 
models of healthcare service delivery need to be developed to 
meet the supportive and palliative care needs of cancer patients 
throughout the disease trajectory, during treatment, and into 
the survivorship phase or advanced cancer care. 

Cancer survivors usually consult their oncologists, who may 
be based at various cancer centres, for their supportive and 
survivorship care needs, with cancer surveillance being the 
primary focus of survivorship care. With the increasing cancer 
incidence and survival rates, the existing infrastructure in 
Singapore cannot meet the increasing demand for cancer 
supportive and survivorship care services. Hence, our team is 
currently studying the feasibility of conducting a share-care 
model with community partners for cancer survivorship. 

We are also developing new models of care for advanced cancer 
patients. For the inpatient hospital setting, we are conducting 
a stepped-wedge cluster randomised trial of an integrated 
palliative and medical oncology model of care for advanced 
cancer patients who have an unplanned admission to hospital. 
In the outpatient setting, we recently completed a pilot study 
on an outpatient palliative care nurse intervention for advanced 
lung cancer patients. We are now looking to further develop the 
intervention before evaluations are conducted using a larger 
scale trial.

SPECIFIC AIM 3: DEVELOP CULTURALLY 
RELEVANT OUTCOME MEASURES 
FOR ONCOLOGY RESEARCH

Patient- and caregiver-centred outcomes, such as health-related 
quality of life and family satisfaction with care, are important 
measurable outcomes in supportive and palliative care. We are 
translating into Chinese and validating two outcome measures: 
the Integrated Palliative care Outcome Scale (IPOS) and the 
Family Satisfaction with End-of-Life Care (FAMCARE) scale. These 
translated and validated outcome measures will be utilised in 
the evaluation of supportive and palliative care health service 
interventions. 

SPECIFIC AIM 4: DEVELOP EDUCATION IN  
ONCOLOGY, SUPPORTIVE CARE, 
AND PALLIATIVE CARE

The Palliative Medicine Initiative is an ongoing mentored 
research project that sees medical students and junior doctors 
mentored through the research and publications in palliative 
care, ethics, medical education, and oncology topics. In this 
programme, up to 20 medical students and junior doctors 
are regularly mentored by senior oncologists and palliative 
medicine physicians in clinical and ethical case reports, reviews 
of education practices, and programmes and research topics in 
a variety of cancer-related topics. 

CONCLUSION

Over the next 2 to 3 years, we plan to continue developing 
interventions and models of care to improve outcomes for both 
cancer survivors and advanced cancer patients, particularly 
in the community setting. This will ensure that the excellent 
supportive and palliative care that is initiated in the tertiary 
cancer care institution will be continued in the community. 
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TRANSLATIONAL IMAGING 
BY TIFFANY HENNEDIGE

Imaging is pivotal in both basic sciences and clinical research. The Translational Imaging 
Programme (TIP), part of the Radiological Sciences Academic Clinical Programme (ACP), 
provides and develops state-of-the-art preclinical imaging platforms for physiological/

functional imaging, to translate scientific discoveries from the laboratory bench to the patient’s 
bedside. In TIP, we provide advice on preclinical methods and conduct multidisciplinary 
clinical studies and imaging trials, together with our academic partners from other ACPs and 
institutions, with the long-term aim of improving health care. Based in the NCCS, most of 
our work is related to oncology. Over the past two years, we have paid particular attention to 
cancer immunotherapy imaging. 

OUR RECENT AND CURRENT WORK AS PRINCIPAL INVESTIGATORS AND IN COLLABORATION WITH 
PRINCIPAL INVESTIGATORS IN OTHER ACPS AND EXTERNAL INSTITUTIONS IN BOTH PRE-CLINICAL 
AND CLINICAL STUDIES ARE AS FOLLOWS:

NO PROJECT TITLE PRINCIPAL INVESTIGATOR

1 Use of dynamic PET and double-input compartmental modeling to 
determine concentration of parent drug in tumours

Dr. Tiffany Hennedige  
(NCCS DOI)

2 Nuclear imaging of immune infiltration in a murine model Dr. Tiffany Hennedige  
(NCCS DOI)

The rapidly advancing field of cancer immunotherapy is currently 
limited by the scarcity of non-invasive imaging technologies 
capable of monitoring the presence of CD8+ T cells and other 
immune cell subsets. Although cancer immunotherapy can 
produce dramatic responses, only a minority of patients respond 
to treatment. Reliable response biomarkers are needed to 
identify responders, and conventional imaging modalities, such 
as computed tomography (CT) or magnetic resonance imaging 
(MRI) using Response Evaluation Criteria In Solid Tumors 
(RECIST), have not proved adequate. We therefore embarked on 
a preclinical study in 2016 using a novel agent as a vehicle to 
non-invasively image tumour T cell infiltration in an established 

murine model. We have used it both in the context of a contrast 
agent in MRI and a radionulide-tagged probe in positron 
emission tomography (PET). This is an ongoing intra- and inter-
institutional collaborative effort involving the Department 
of Oncologic Imaging and Medical Oncology in NCCS, the 
Laboratory of Translational and Molecular Imaging (LTMI) in 
Duke-NUS, and the Singapore Immunology Network (SIgN). 
Non-invasive imaging of T cells is novel and relevant in the era 
of cancer immunotherapy and may underpin future clinical trials 
in oncology where rational combinatorial approaches alongside 
immunotherapeutic strategies are sought. 
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NO PROJECT TITLE PRINCIPAL INVESTIGATOR

3 Use of intravoxel incoherent motion for the detection of metastatic regional  
nodes in pelvic carcinomas

Dr. Tiffany Hennedige  
(NCCS DOI)

4 MRI imaging of immune infiltration in a murine model using gadolinium 
labelling

Dr. Amit Jain  
(NCCS DMO)

5 Adolescent and young adult cancer patients: Cognitive Toxicity on 
Survivorship (ACTS)

Assoc. Prof. Alexandre Chan  
(NCCS) (NMRC CS-IRG)

6 Preclinical imaging for orthotopic xenografts – Modelling analysis and 
translational therapeutics for tumours of childhood (MA3TCH)

Dr. Amos Loh  
(KKH / SURG ACP)

7 MRI for orthotopic model of pleuropulmonary blastoma Dr. Amos Loh  
(KKH / SURG ACP)

8 Peptide receptor radionuclide therapy for somatostatin receptor-positive 
cancers

Dr. Wen Long Nei  
(NCCS) (A*STAR IBN funding)

9 Real-world performance and cost-effectiveness of Osimertinib in  
T790M+ NSCLC who progressed on first-line EGFR TKIs and role of CT-textural 
analysis as clinical predictor of efficacy

Dr. Wan Ling Tan  
(NCCS DMO)

10 Intratumoral PD-L1 expression and tumour infiltrating lymphocyte density in 
oesophageal cancer treated with neoadjuvant chemoradiation (PLuTON)

Dr. Connie Yip  
(NCCS DRO)

11 Systemic inflammatory response, nutritional status & [18F]FDG-PET imaging 
as potential prognostic biomarkers in esophageal cancer treated with 
chemoradiation

Dr. Connie Yip  
(NCCS DRO)

12 Randomised phase II study of nivolumab versus nivolumab and ipilimumab 
combination in EGFR mutant non-small cell lung cancer

Assoc. Prof. Eng Huat Tan

13 A phase Ib/IIa clinical trial to evaluate the safety and activity of oregovomab 
and nivolumab as a combinatorial immunotherapy strategy in patients with 
recurrent epithelial cancer of ovarian, tubal or peritoneal origin (ORION-01)

Dr. Jack Chan  
(NCCS DMO)

14 A phase 1/2 study of BMS-986183 in subjects with advanced hepatocellular 
carcinoma

Dr. David Tai  
(NCCS DMO)

15 A phase II open-label, single-centre, non-randomised trial of  
Y90-radioembolisation in combination with nivolumab in Asian patients  
with advanced hepatocellular carcinoma

Dr. Su Pin Choo  
(NCCS DMO)

16 A proposal to use the novel 3-gene signature to predict the development  
of early recurrence of hepatocellular carcinoma (HCC) in HCC patients after 
curative treatment

Assoc. Prof. Brian Goh  
(NCCS DSO)

Dr. Tiffany HENNEDIGE Professor Choon Hua 
THNG

RESEARCHERS 

Associate Professor 
Tong San KOH 

Dr. Septian HARTONO Puor Sherng LEE

NO PROJECT TITLE PRINCIPAL INVESTIGATOR

17 Solid geometry of hepatocellular carcinoma and outcomes of Y90 
radioembolisation

Prof. Pierce Chow  
(NCCS DSO)

18 Outcome of treatment in nasopharyngeal carcinoma in NCCS Dr. Kiattisa Sommat  
(NCCS DRO)

19 Volumetric assessment of the dose-response relationship in hepatocellular 
carcinoma treated with selective internal radiation therapy using yttrium-90  
resin microspheres

Prof. Pierce Chow  
(NCCS DSO)

20 A randomised, multi-centre phase III study of nivolumab versus sorafenib as  
first-line treatment in patients with advanced hepatocellular carcinoma

Dr. Su Pin Choo  
(NCCS DMO)

21 Evaluation of MRI versus CT or PET-CT in the detection of peritoneal disease 
malignancies

Dr. Claramae Chia  
(NCCS DSO)

22 A phase 1/2, dose-escalation, open-label study of nivolumab or nivolumab 
in combination with other agents in advanced hepatocellular carcinoma 
subjects with or without chronic viral hepatitis.

Dr. Su Pin Choo  
(NCCS DMO)
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BEK CHAI HEAH LABORATORY OF CANCER GENOMICS LAB UNIT OF PAEDIATRIC BRAIN TUMOUR RESEARCH OFFICE

RESEARCH STAFF

(Front, left to right) Amudha DEIVASIGAMANI, 
Prof. Kam Man HUI, Shik Nie KONG

(Back, left to right) Sekar KARTHIK, 
Muthukumar RAJASEKARAN, Dr. Hongping XIA, 
Dr. Yu WANG, Dr. Jianxiang CHEN

RESEARCH STAFF

(Left to right) Jia Min HO, Zhi Han LIM,  
Asst. Prof. Wan-Yee TEO, Jung Yi ONG, Jia Ying YEE

Professor Kam Man HUI
PhD

Principal Investigator, Bek Chai Heah 
Laboratory of Cancer Genomics, Division of 
Cellular & Molecular Research

cmrhkm@nccs.com.sg

JOINT APPOINTMENTS: Deputy Group 
Director Research, SingHealth • Joint 
Research Director, IMCB • Adjunct Professor, 
Programme in Cancer & Stem Cell Biology, 
Duke-NUS Medical School

Assistant Professor Wan-Yee TEO*
MBBS, FAAP, MRCPCH (UK), PhD. 

Principal Investigator, Paediatric Brain 
Tumour Research Office, SingHealth  
Duke-NUS Academic Medical Centre

Clinician-Scientist, Division of Cellular and 
Molecular Research

* In appreciation of mentorship from  
Professor Kam Man Hui (PhD) 

teo.wan.yee@nccs.com.sg

JOINT APPOINTMENTS: Clinician-
Scientist, HOICR & KKWCH • Assistant 
Professor, Cancer & Stem Cell Biology 
Programme; Assistant Professor & Course 
Director (Practice Course 4), Medical 
Education, Research & Evaluation 
Department, Duke-NUS Medical School • 
Adjunct Assistant Professor, Department of 
Pediatrics, Section of Hematology-Oncology, 
Texas Children’s Cancer Center, Baylor College 
of Medicine • Research Clinician, IMCB

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related deaths 
worldwide and presents a great public health and social burden. HCC is an epithelial 
cancer originating from hepatocytes and has been postulated to result from a series 
of genetic alterations attributable to a diverse range of causes. HCC is a highly therapy-
resistant cancer. Surgical treatments, including hepatic resection and orthotopic liver 
transplantation, provide the best option for cure in selected patients; yet, the long-term, 
disease-free survival rate remains unsatisfactory. Tumour recurrence and metastases are 
the major complications in more than two-thirds of these patients, with a poor prognosis 
and no proven effective survival-prolonging treatment modality available. There is indeed 
a great unmet need for new effective therapies for HCC. To tackle HCC, our laboratory 
employs unbiased, genome-wide strategies to identify key genes/regulatory pathways 
that are altered in relevant human HCC tissues. Further, we seek to understand how these 
changes affect the carcinogenesis of HCC, with the aim to modulate these regulatory 
pathways against the disease. We have systematically gathered molecular evidence and, 
through clinical corroboration of the data, have discovered molecular biomarkers that can 
provide clinically meaningful avenues for designing strategies independently from clinical 
risk factors. This, in turn, can be used to decipher the underlying molecular networks 
leading to HCC recurrence and identify reliable diagnostic and prognostic molecular 
biomarkers to develop novel therapeutics for HCC (Figure 1). 

The laboratory unit for the Paediatric Brain Tumour Research Office (PBTRO), SingHealth Duke-
NUS Academic Medical Centre was established in 2015, with competitive grants secured. 
We are a dynamic laboratory unit and have steadily expanded our team and international 
collaborations over the past few years. Our goal in research is to derive findings that enable 
a reflective change in the practice of medicine in brain tumours. Our team (PBTRO) shares 
a common dream to present globally competitive research findings in the field of neuro-
oncology, addressing these areas in the practice of medicine through science. We work on 
several types of brain tumours, both in paediatric and adult populations. One major research 
focus of our group is in the brain tumour microenvironment, translating research findings 
in tumour biology and genomics to bedside benefits for patients with brain tumours. Our 
research combines genomic methodologies and mouse models to study the complex 
regulation and developmental biology of brain tumours. We place a large emphasis on 
the preclinical development of therapeutics for brain tumours that currently have no cures, 
drawing from various strengths in genomics, high-throughput functional assays optimised 
in our laboratory, and a large, unique cohort of patient-derived orthotopic mouse models of 
brain tumours developed for preclinical testing.

EXCERPT FROM PBTRO TEAM MEMBERS & INTERN STUDENTS

“Our work focuses on cell culture and utilises molecular techniques to unravel the cell 
biology behind the drug effects on brain tumours; this is in line with our team goal to 
discover effective and novel treatments for the benefit of patients.”

“The most important 
insight I learnt from 
this internship was 
realising the tenacity 
of character required 
to become a successful 
researcher. Their 
passion for their 
work, and their grit 
and perseverance 
constantly inspire me 
to work hard in my 
studies knowing that 
my study now is not as 
challenging as the lives 
of these researchers.”

SELECTED PUBLICATIONS
1. Chen J, Rajasekaran M, Xia H, et al. 

The microtubule-associated protein 
PRC1 promotes early recurrence 
of hepatocellular carcinoma in 
association with the Wnt/β-catenin 
signalling pathway.  
Gut. 2016;65:1522–1534.

2. Han J, Xia H, Wu Y, et al. Single-layer 
MoS2 nanosheet grafted upconversion 
nanoparticles for near-infrared 
fluorescence imaging-guided deep 
tissue cancer phototherapy. Nanoscale. 
2016;8:7861–7865. 

3. Xia H, Li F, Hu X, et al. pH-Sensitive 
Pt nanocluster assembly overcomes 
cisplatin resistance and heterogeneous 
stemness of hepatocellular carcinoma. 
ACS Central Sci. 2016;2:802–811. 

4. Xia H, Kong SN, Chen J, et al. MELK is 
an oncogenic kinase essential for early 
hepatocellular carcinoma recurrence. 
Cancer Lett. 2016;383:85–93.

5. Nguyen AT, Chia J, Ros M, et al. 
Organelle-specific O-glycosylation 
drives MMP14 activation, tumor 
growth, and metastasis. Cancer Cell. 
2017;32:639–653.e6.

Figure 1

SELECTED PUBLICATIONS
1. Teo WY, Elghetany MT, Liu D, 

et al. Therapeutic implications 
of CD1d expression and tumor-
infiltrating macrophages in pediatric 
medulloblastomas. J Neurooncol. 
2014;120:293–301. 

 * Podcast highlight by the journal.

2. Teo WY, Ross J, Bollo RJ, et al. Atypical 
location and clinical behavior of non-
teratomatous intracranial germ cell 
tumors in children. J Neurosurg Pediatr. 
2014;25:1–8.

3. Teo WY, JMF Su, Shen JS, et al. 
Implications of tumor locations on 
subtypes of medulloblastoma (Priority 
Report with Commentary Highlight). 
Pediatr Blood Cancer. 2013;60:1408–1410.

Our Work at Laboratory 
609-T, Laboratory 

Unit of Pediatric Brain 
Tumour Research Office, 

SingHealth Duke-NUS 
Academic Medical Centre
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The Sabapathy lab is focused on understanding the mechanistic basis of cancer 
development and resistance to therapeutic drugs, and translating the findings to 
generate effective therapies for cancer. To this end, multiple, nationally funded projects 
are undertaken by the team, as described:

GENERATION AND CHARACTERISATION OF MOUSE MODELS FOR CANCERS

Based on our expertise in generating and analysing genetically modified mice, we have 
been focusing on: 1) Understanding the development of liver cancers, especially those that 
arise in conjunction with hepatitis B virus, so as to identify biomarkers for early detection, 
and altered molecular pathways for therapeutic targeting; 2) Generating mouse models 
to recapitulate the development of liposarcomas for testing novel treatment modalities; 
and 3) understanding the cellular basis of breast cancer development, with a particular 
focus on the role of the stromal microenvironment in contributing to breast neoplasms. 
The use of mouse as a model organism has provided us with significant advantages in our 
understanding of multiple cancer types.

TARGETING P53 FAMILY 
MEMBERS

p53 is the most commonly mutated 
gene in cancers. However, due to 
enormous technical difficulties, 
there are currently no therapies 
available to target mutant p53. Our 
efforts over the years have led to 
the characterisation of the various 
p53 mutants identified in humans, 
which has led to the concept of the 
“rainbow of p53 mutants” (Figure 
1), all of which display varying 
degrees of oncogenic potential. 
Based on this concept, we have 
developed novel, first-in-class 
mutation-specific antibodies that 
are useful in the clinical diagnosis of 
mutants. We are working towards 
utilising these antibodies, as well as 
mutation-specific siRNAs, to target 
mutant p53 to improve treatment. 
Similar work is also underway to 
understand the functions of p73, 
the homologue of p53, to target its 
oncogenic functions in tumours.

LABORATORY OF MOLECULAR ENDOCRINOLOGYLABORATORY OF MOLECULAR CARCINOGENESIS 

RESEARCH STAFF

(Front, left to right) Beng Hooi PHANG,  
Prof. Kanaga SABAPATHY, Dr. Ramesh KUMAR

(Back, left to right) Tarini d/o SUBRAMANIAM, 
Dr. Dan LI, Rashidah Binte OTHMAN, 
Shengyang QU, Catherine KOK, Dr. Ifeoma 
UBBY, Derrick CHIA, Dr. Chao WANG,  
Dr. Bahareh TABANIFAR, Ni PENG, Kamaliyah 
Binte ABDULLAH, Cui Rong TEO

(Absent) Fanny TEO & Christian Heiko KRUEGER 

Professor Kanaga SABAPATHY
PhD, FRCPath

Professor & Principal Investigator, Laboratory 
of Molecular Carcinogenesis, Division of 
Cellular & Molecular Research

Head, Division of Cellular & Molecular 
Research

Director, Planning and Strategy, Office of 
Strategy Management

cmrksb@nccs.com.sg

JOINT APPOINTMENTS: Research Director, 
Academic Clinical Programme – Oncology, 
SingHealth-Duke-NUS • Professor, Cancer 
and Stem Cell Biology Programme, Duke-
NUS Medical School • Joint Professor, 
Department of Biochemistry, NUS • Research 
Director, IMCB

SELECTED PUBLICATIONS
1. Dulloo I, Phang BH, Othman R, et al. 

Hypoxia-inducible TAp73 regulates  
the angiogenic transcriptome and 
supports tumorigenesis. Nat Cell Biol. 
2015;17:511–523.

2. Phang BH, Othman R, Bougeard G, et al. 
Amino-terminal p53 mutations lead to 
expression of apoptosis proficient p47 
and prognosticate better survival, but 
predispose to tumorigenesis. Proc Natl 
Acad Sci U S A. 2015;112:E6349–E6358.

3. Huang MN, Yi W, Teoh WW, et al.  
Genome-wide AFB1-induced 
mutational signatures in cells, mice 
and human tumors – implications for 
molecular epidemiology. Genome Biol. 
2017;27:1475–1486. 

4. Sabapathy K and Lane DP. p53: all 
mutants are equal, but some mutants 
are more equal than others – therapeutic 
considerations for targeting mutant p53. 
Nat Rev Clin Oncol. 2018;15:13–30. 

5. Hwang LA, Phang BH, Liew OW, et al. 
Novel tools for precision medicine 
– monoclonal antibodies against 
specific p53 hot-spot mutants. Cell Rep. 
2018;22:299–312. 

RESEARCH STAFF

(Front, left to right) Shelly LIN, Prof. The Hung 
HUYNH, Richard ONG

(Back, left to right) Thanh Chung VU, Joanna 
Kristyn LIM, Liek Yeow LEE

Professor The Hung HUYNH
PhD

Principal Investigator, Laboratory of 
Molecular Endocrinology, Division of Cellular 
& Molecular Research

cmrhth@nccs.com.sg 

JOINT APPOINTMENTS: Adjunct Professor, 
Department of Medicine, McGill University, 
Canada • Adjunct Professor, Department of 
Pharmacy, NUS 

Prof. Huynh is an Adjunct Professor at the National University of Singapore (Singapore) 
and at McGill University (Canada). He is also Principal Investigator of the Laboratory 
of Molecular Endocrinology at the NCCS. He has received several awards, including 
the Dean’s First Honour List for his PhD, The United States Army Medical Research and 
Material Command Breast Cancer Research Program, Best Researcher Award, and Best 
Paper Award at the 4th Asian Congress in Urology. Prof. Huynh has published as first or 
corresponding author in 115 peer-reviewed journals.

The research interest of his laboratory focuses on targeted therapies for solid tumours 
and the development of patient-derived xenograft (PDX) models. He has developed 
more than 250 xenograft tumour models, including models for hepatocellular carcinoma 
(HCC), gastric cancer, gastrointestinal stromal tumours, and lung and ovarian cancers. 

Discovery-driven translational research in HCC and gastric cancer is moving steadily from 
the study of cell-line–derived xenografts to patient-derived tumour xenografts (PDX). 
These xenografts have proven to be an important platform in drug testing, especially 
for targeted and combined therapies. Our group has profiled the protein expression, 
gene expression, and mutational analysis of these xenografts. The PDX platform is 
fast becoming a recognised industry and academic leader in the areas of HCC and 
gastric cancer drug development. This platform represents powerful in vivo models 
that permit us to investigate ways to repurpose drugs for new indications. We are also 
developing a humanised HCC mouse (HHM) model by the concurrent transplantation 
of human haematopoietic stem cells and MHC mismatched HCC cells into the livers of  
NOD-scid IL2Rγnull mice. The results show a solid coexistence and interaction of the cells 
without evidence of rejection. This HHM model will provide a cutting-edge technology 
for drug screening, especially for immunotherapy, target discovery, and validation. 

SELECTED PUBLICATIONS
1. Huynh H, Ong R, Zopf D. Antitumor 

activity of the multikinase inhibitor 
regorafenib in patient-derived xenograft 
models of gastric cancer. J Exp Clin Cancer 
Res. 2015;34:132 

2. Huynh H, Hao HX, Chan SL, et al. Loss 
of tuberous sclerosis complex 2 (TSC2) 
is frequent in hepatocellular carcinoma 
and predicts response to mTORC1 
inhibitor Everolimus. Mol Cancer Ther. 
2015;14:1224–1235. 

3. Li F, Huynh H, Li X, et al. FGFR-mediated 
reactivation of MAPK signaling 
attenuates antitumor effects of Imatinib 
in gastrointestinal stromal tumors. 
Cancer Discov. 2015;5:438–451.

4. Sommer A, Kopitz C, Schatz CA, et al. 
Preclinical efficacy of the auristatin-
based antibody-drug conjugate BAY 
1187982 for the treatment of FGFR2-
positive solid tumors. Cancer Res. 
2016;76:6331–6339. 

5. Tai WM, Yong WP, Lim C, et al. A Phase Ib 
study of Selumetinib (AZD6244, ARRY-
142886) in combination with Sorafenib 
in advanced hepatocellular carcinoma 
(HCC). Ann Oncol. 2016;27:2210–2215.

Figure 1: Graph shows the 
number of patient-derived 

tumour models established 
from primary tumours for the 

drug discovery programme. 
Abbreviations: HCC, 

hepatocellular carcinoma; 
GC, gastric cancer; GIST, 
gastrointestinal stromal 

tumour; CRC, colorectal cancer; 
LC, lung cancer.

PATIENT-DERIVED 
XENOGRAFT MODELS: 

TRANSLATIONAL 
PLATFORMS  

FOR PRE-CLINICAL 
STUDY IN SOLID 

TUMOURS

Figure 1: “Rainbow of p53 mutants”. This 
“rainbow” is based on the capacity of p53 
mutants to differentially transactivate 
target genes when expressed on a p53-null 
background, except in the case of DBD-DN 
mutants, which relates to the heterozygous 
state. WT and mutant p53 monomers are 
represented in yellow and red, respectively. PF, 
partial function; p53RE, p53 response element; 
TFRE, transcription-factor response element.
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RESEARCH STAFF

(Front, left to right) Wan Hwa NG, Dr. Jiancheng 
HU, Jia Jun YAP

(Back, left to right) Trixie LIM, Dr. Jimin YUAN, 
Xuchao HUANG, Alicia FOO

Dr. Jiancheng HU
Ph.D.

Principal Investigator, Laboratory of Cancer 
Signalling, Division of Cellular and Molecular 
Research

hu.jiancheng@nccs.com.sg

JOINT APPOINTMENT: Assistant Professor, 
Duke-NUS Medical School

LABORATORY OF CANCER SIGNALLING 

The Laboratory of Cancer Signalling was founded in November 2014. The laboratory 
focuses on the molecular signalling pathways that regulate cancer initiation, promotion, 
progression, and metastasis, particularly concerning the Ras/RAF/MEK/ERK signalling 
cascade (Figure 1). Genetic studies have revealed that hyperactive Ras/RAF/MEK/ERK 
signalling exists in over 40% of cancers. To target this signalling cascade for cancer therapies, 
RAF/MEK kinase inhibitors have been developed and applied in the clinic. However, their 
efficacy is severely limited by intrinsic and acquired resistance, and this appeals to a deeper 
understanding of the regulatory mechanisms of this signalling cascade. 

Currently, the Laboratory of Cancer Signalling is employing molecular biology, 
biochemistry, and genetic mouse modelling to explore the mechanisms that underlie 
hyperactive Ras/RAF/MEK/ERK signalling-driven cancer development and drug resistance 
in targeted cancer therapies against this pathway. These studies will provide not only a 
conceptual framework for developing new approaches but also novel targets for drug 
designs against cancers with hyperactive Ras/RAF/MEK/ERK signalling. 

Over the past three years, the laboratory has uncovered the catalytic mechanism of RAF 
and MEK kinases through characterising their mutants with variable β3-αC loop deletions. 
The laboratory is now focusing on developing next-generation RAF/MEK inhibitors 
according to these findings. The laboratory has also identified AMPK as a potential target 
to break the intrinsic resistance in cancer therapies with first-generation RAF inhibitors. 
Three manuscripts generated from these works are undergoing revision with Sci Signal, 
Oncogene, and J Biol Chem. 
The laboratory has also 
constructed a BRAF(V600E)-
driven hairy cell leukaemia 
mouse model by combining 
BRAF(V600E) knock-in with 
a depletion of tumour 
suppressors in B cells, which 
models the pathogenesis of 
human disease.

The Laboratory of Cancer 
Signaling is supported by 
the Khoo Bridge Funding 
Award (JH), the Asia Fund 
For Cancer Research (JH), the 
Khoo Pilot Award (JH), and the 
Singhealth Startup Grant (JY).

LABORATORY OF LIVER CANCER FUNCTIONAL GENOMICS 

RESEARCH STAFF

(Front, left to right) Assoc. Prof. Caroline LEE,  
Yu JIN, Shi Hui GOH, Lee Jin LIM, Jade LEE,  
Wai Yeow LEE, Yu Pei NEO

(Back, left to right) Seung Hoon WOO,  
Yong Zher KOH, Maulana BACHTIAR, Steven 
Setiawan THENG, Wei Sheng LOO, Peter HE, 
Weitai HUANG, Samuel WONG

(Absent) Jun Yan LOH, Shuaichen LIU, Jian HAN 

Associate Professor Caroline G. LEE
PhD (Baylor College of Medicine)

Principal Investigator, Laboratory of Liver 
Cancer Functional Genomics, Division of 
Cellular and Molecular Research

dmslgl@nccs.com.sg 

JOINT APPOINTMENTS: Associate 
Professor, NUS • Associate Professor,  
Duke-NUS Medical School

There are three major focus in the Liver Cancer Functional Genomics Laboratory. The first 
is to understand the role of chronic inflammation in tumorigenesis for the development 
of intervention strategies. Our laboratory has identified FAT10 as a molecule that plays 
an important role in liver cancers associated with chronic inflammation, and we seek to 
understand how polymorphisms in the molecule will modulate the risk for cancer. We also 
aim to develop strategies to target this molecule. The second major focus is to elucidate 
the role of hepatitis B virus (HBV) in cancer development. We have comprehensively 
characterised the integration of HBV into the host genome in HCC patients at both the 
genomic and transcriptomic levels, and observed chimeric HBV-human transcripts with 
variable potential to induce tumorigenesis. The third major focus of the laboratory is 
to elucidate the role of various non-coding RNAs (including circular RNA, microRNAs 
and long noncoding RNAs) in hepatocellular carcinoma. Our laboratory has employed 
an integrative big-data approach to identify clinically relevant networks of non-coding 
RNAs in the cancer pathway. We will characterise these networks of non-coding RNAs 
for their tumorigenic potential to identify novel molecular biomarkers that can be used 
to help detect liver cancer at an early stage more accurately, predict patient responses 
to specific treatments, and identify targets for therapy.

SELECTED PUBLICATIONS
1. Hu J, Ahuja LG, Meharena HS, et al. 

Kinase regulation by hydrophobic 
spine assembly in cancer. Mol Cell Biol. 
2015;35:264–276.

2. Chung JJ, Huber TB, Gödel M, et al. 
Albumin-associated free fatty acids 
induce macropinocytosis in podocytes.  
J Clin Invest. 2015;125:2307–2316. 

3. Hu J, Oda SK, Shotts K, et al. 
Lysophosphatidic acid receptor 5 
inhibits B cell antigen receptor signaling 
and antibody response. J Immunol. 
2014;193:85–95. 

4. Yuan J, Ng WH, Lam PYP, et al. The 
dimer-dependent catalytic activity of 
RAF family kinases is revealed through 
characterizing their oncogenic 
mutants. Oncogene. 2018. doi:10.1038/
s41388-018-0365-2. 

5. Shaw AS, Kornev AP, Hu J, et al. Kinases 
and pseudokinases: Lessons from RAF. 
Mol Cell Biol. 2014;34:1538–1546.

SELECTED PUBLICATIONS
1. Theng SS, Wang W, Mah WC, et al. 

Disruption of FAT10-MAD2 binding 
inhibits tumor progression Proc Natl Acad 
Sci U S A. 2014;111:E5282–E5291.

 (Featured in 10 different news agencies)

2. Gao Y, Theng SS, Zhuo J, et al. FAT10, an 
ubiquitin-like protein, confers malignant 
properties in non-tumorigenic and 
tumorigenic cells. Carcinogenesis. 
2014;35:923–934.

3. Slagle BL, Andrisani OM, Bouchard MJ, 
et al. Technical standards for hepatitis 
B virus X protein (HBx) research. 
Hepatology. 2015;61:1416–1424.

4. Thurnherr T, Mah WC, Lei Z, et al. 
Differentially expressed miRNAs in 
hepatocellular carcinoma target genes 
in the genetic information processing 
and metabolism pathways. Sci Rep. 
2016;6:20065.

5. Chan C, Thurnherr T, Wang J, et al. Global 
re-wiring of p53 transcription regulation 
by the hepatitis B virus X protein. Mol 
Oncol. 2016;10:1183–1195.

Figure 1: Hyperactivation of Ras/Raf/MEK/ERK signalling in cancers. Abbreviations: EGFR, epidermal growth 
factor receptor; HER2, human epidermal receptor-2; MEK, mitogen-activated protein kinase kinase; MAPK, 
mitogen-actived protein kinase; NSCLC, non-small cell lung cancer; RTK, receptor tyosine kinase; SB/LGS, serous 
borderline/low-grade serous.

HYPERACTIVATION OF RAS/RAF/MEK/ERK SINGALING IN CANCERS
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Our group focuses on understanding breast cancer susceptibility and the development of 
blood-based tests for the early detection of breast cancer. Our key findings are as follows:

We have
 Identified new breast cancer risk loci using a novel, targeted, next-generation 

sequencing strategy (Cancer Res, 2017;77:5428–5437)
 Developed polygenic risk score models for the prediction of breast cancer risk 

(Oncotarget. 2018;9:12796–12804)
 Performed mutational analysis using a 25-gene panel of breast cancer predisposition 

genes for the largest Asian series of cases at the time (Genom Med. 2016;1:15003)
 Identified PALB2 mutations in our Singaporean patients and recommended that PALB2 

be included in genetic testing for individuals eligible for BRCA1 and BRCA2 testing  
(N Engl J Med. 2014;371:1650–1652)

 Reported the identification of a BRCA1 founder mutation among breast cancer 
patients of Malay ethnicity (Hum Mut. 2003;22:178)

 Identified the first family in Singapore with Li-Fraumeni syndrome (Clin Genet. 
2009;75:294–297)

 Developed a comprehensive screening strategy for improved BRCA1 and BRCA2 
mutation screening for patients with breast and/or ovarian cancer (Clin Genet, 
2006;70:80–82; Cancer Epidemiol Biomarkers Prev, 2007;16:2276–2284; Amino Acids, 
2008;35:615–626)

 Recommended that screening for the CHEK2*1100delC mutation in Asian women 
with a family history of breast cancer is unwarranted, in contrast to recommendations 
for such screening in Northern or Eastern European women with a similar history (J 
Clin Oncol. 2008;26:2419)

 Identified circulating microRNA signatures for breast cancer detection (Clin Cancer 
Res. 2013;19:4477–4487) (Figure 1)

Our group has 
received funding 
from the National 
Medical Research 
Council (NMRC) 
of Singapore, 
the National 
Cancer Centre 
Singapore (Centre 
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The Lymphoma Genomic Translational Laboratory, led by Principal Investigator Dr. Choon 
Kiat ONG, is dedicated to gaining a better understanding of the pathogenesis and aetiology 
of lymphoma from a genomic perspective. Our laboratory is involved in the elucidation of 
the genomic and pathological facets of lymphoma, and subsequently translating significant 
findings into novel treatment approaches for patients through clinical trials. 

To this end, our team takes on a systematic “bench-to-bedside” approach, whereby we first 
aim to understand the genomic basis of peripheral T-cell lymphoma (PTCL) and natural 
killer/T cell-lymphoma, and thereafter use these results to identify novel molecular targets 
for targeted therapeutics (Figure 1). To aid us in our pursuit to understand disease and 
treatment efficacy, we have established several patient-derived xenograft (PDX) models, 
with help from our clinical partners. Ultimately, our aim is to translate the discoveries from 
the laboratory into clinically implementable therapeutic strategies that would introduce 
new and more efficacious treatments for patients with lymphoma. 

Over the years, our laboratory has secured research grants from various funding agencies, 
namely the National Medical Research Council (NMRC), the National Health Innovation 
Centre (NHIC), and the NCC Research Fund. We have also received industrial support 
for several projects from pharmaceutical companies, including Bayer Pharmaceuticals, 
ASLAN, Principia Biopharma, and SYNthesis Pte Ltd. 

Recently, Dr. ONG, along with other collaborating scientists in the field of cancer research, 
was awarded the “AACR Team Science Award” by the American Association for Cancer 
Research (AACR), recognising the 
outstanding interdisciplinary team’s 
work in furthering the knowledge 
of Asian prevalent cancers and 
contributing to the progress of cancer 
detection, treatment and prevention. 
Dr. Ong is currently leading the 
whole-genome sequencing of T- 
and natural killer-cell lymphoma at 
the International Cancer Genomic 
Consortium (ICGC). This initiative 
has proudly placed Singapore on 
the world map in the field of cancer 
genomic research. 
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Figure 1: Box-and-whisker plots representing 
RT-PCR results for four microRNAs. The y-axis 
depicts log2 fold change. These microRNAs 
can distinguish between serum samples from 
breast cancer cases (n = 132) and healthy 
controls (n = 101) with statistically significant 
P values (P<1E-8). (Clin Cancer Res. 2013; 
19:4477-4487

Figure 1: The Jak-Stat signalling pathway is 
frequently activated in many cancers. Our 

discovery on identifying activating JAK3 
mutation in NKTL leads to further effort on 
development and characterisation of JAK3 
inhibitors in pre-clinical mouse model, and 

eventually towards clinical trials.

TARGETING JAK-STAT PATHWAY IN NATURAL-KILLER/T-CELL LYMPHOMA:  
FROM BENCH TO BEDSIDE
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LABORATORY OF CANCER EPIGENOME LABORATORY OF CLINICAL PHARMACOLOGY 

The Laboratory of Clinical Pharmacology, headed by Prof. Balram Chowbay, focuses 
on translational research projects aimed at improving clinical outcomes through the 
optimisation of drug dosages based on pharmacokinetic (PK) and pharmacodynamic 
(PD) principles. The laboratory also focuses on applying pharmacogenomics tools and 
knowledge to explain inter-patient variability in drug response and toxicity. This is 
particularly important in the context of the multi-ethnic Asian population in Singapore 
because inter-ethnic differences in the polymorphisms of genes that encode drug-
metabolising enzymes and transporters may lead to marked variabilities in the PK and 
PD of anti-cancer drugs.

As a dynamic working unit, our laboratory has developed extensive capabilities over 
the years in the development and validation of bio-analytical assays, therapeutic drug 
monitoring, as well as PK and PD analyses of various anti-cancer agents. We also have 
considerable experience in the characterisation of variants in the genes encoding drug-
metabolising enzymes and transporters and their impact on drug disposition across 
different ethnic groups. 

In addition, our laboratory provides the critical support and expertise necessary to 
effectively conduct early-phase clinical trials within the Department of Medical Oncology. 
Our participation ranges from concept proposal, study protocol design, clinical specimen 
acquisition, processing, analysis and storage to data analysis and results generation.

We are hopeful that such patient-oriented research will further augment existing treatment 
strategies to improve survival outcomes and clinical responses for cancer patients. 
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PHARMACOKINETICS & 
PHARMACODYNAMICS 

RELATIONSHIPS

We have characterised the genomic landscapes of several Asian-prevalent tumour 
types, such as upper urinary tract urothelial cancer in Taiwan, cholangiocarcinoma in 
the north-east of Thailand, and NK/T-cell lymphoma and fibroepithelial tumours of 
the breast. Interestingly, many of the novel mutations identified involve chromatin 
enzymes, and this prompted us to examine how they perturb chromatin biology and 
the epigenome in tumorigenesis. Using epigenomic tools, such as chip-sequencing, 
RNA-sequencing, and methylation profiling, we have studied patient-derived cell lines 
and primary tumours. We are studying their epigenetic landscapes, including DNA and 
histone modifications, and identifying promoters, enhancers, and super-enhancers 
related to these mutations. In particular, we are studying the master regulators 
associated with super-enhancers, especially their roles in tumorigenesis. As an example, 
we recently profiled the super-enhancers associated with VHL mutations in clear cell 
renal cell carcinoma and demonstrated the tumorigenic role of a novel master regulator, 
ZNF395 (Figures 1 & 2 below, Yao et al., Cancer Discov. 2017). We continue to work closely 
with clinicians, including oncologists, surgeons, and pathologists, to understand the 
clinical implications of our findings, particularly how the genomic and epi-genomic 
landscapes of these genes correlate with various clinicopathological parameters. 
Finally, we collaborate with pharmaceutical and biotechnology companies to work on 
novel epigenetic therapeutic targets in these cancer types.

Figure 1. H3K27ac ChIP-seq shows an active 
ZNF395 super-enhancer only in clear cell renal 
cell carcinoma cells (A-498 and 786-O, bottom 
rows) but not normal kidney cells (PCS-400, HK2, 
top rows). Yao et al. 2017.

Figure 2. ZNF395 inhibition by shRNA leads  
to total elimination of A-498 tumours in  
vivo and delayed 786-O tumour growth.  
NC (negative control): n = 7; shZNF395-1: n = 7; 
shZNF395-2: n = 6. Yao et al. 2017.

Figure 1.
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LABORATORY OF CELL THERAPY AND CANCER VACCINE CANCER THERAPEUTICS RESEARCH LABORATORY

Our laboratory is mainly involved in cancer immunology and immunotherapy for 
solid cancers. We have developed clinical cell-based immunotherapeutic strategies, 
including dendritic cell vaccines and adoptive transfer of Epstein Barr Virus (EBV)-
specific T cells, and successfully completed immunotherapy clinical trials for colorectal 
cancer and EBV-associated cancer, nasopharyngeal carcinoma (NPC). For example, 
our published phase II clinical trial of autologous EBV-specific T cell treatment in 38 
advanced NPC patients— showed very encouraging clinical benefit and survival 
outcomes, and this led to a collaboration with a Singaporean biotechnology 
company, Tessa Therapeutics, to embark on an FDA IND international multi-centre 
randomised phase III clinical trial in 330 NPC patients across 30 sites in 5 countries. 
In collaboration with a U.S. biotech company, we have also recently completed a 
first-in-human phase I trial of Ad-sig-hMUC-1/ecdCD40L cancer vaccine in epithelial 
cancers, including lung, breast, colon, ovary, and prostate cancers. Our laboratory is 
also a participant in a phase III randomised, open-label study comparing Pexa-Vec 
(vaccinia GMCSF/thymidine kinase-deactivated virus) followed by Sorafenib versus 
Sorafenib alone in patients with advanced hepatocellular carcinoma (HCC). Another 
ongoing effort is in the pre-clinical development of novel gamma-delta T (gdT) 
lymphocyte-based immunotherapy strategies, for which a patent has been filed for 
a proprietary GMP gdT cell production method.

Another key focus of our laboratory is to develop novel treatment strategies against 
HCC, focusing on gaining a deeper understanding of the interaction between the 
tumour and the immune system to more rationally design effective combination 
immunotherapies. GATA4, is a key gene that we have reported as central to oncogenesis. 
We are elucidating the biological pathways associated with GATA4 and its influence on 
the tumour microenvironment to uncover potential anti-cancer targets related to this 
central transcription factor. We have been awarded more than four national grants in 
past 4 years to establish new in vitro and in vivo liver cancer models to delineate the 
molecular mechanisms of GATA4, to investigate the genomic and immune heterogeneity 
in HCC, and to rationally design and test new combination immunotherapies.
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Figure 1. DISCOVERY OF SOMATIC GATA4 DELETION AND GERMLINE V267M MUTATION IN HCC.

A) Frequency of CNAs along the genome 55 Singapore samples. B) G-to-A mutation in GC-rich GATA4 exon 4 is found in tumour samples by targeted deep and 
Sanger sequencing. C) Sanger sequencing showing the presence of V267M mutation in both tumour and blood samples.
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The Cancer Therapeutics Research Laboratory is led by Dr. Daniel Tan (medical 
oncologist) and Assoc. Prof. Gopal Iyer (head and neck surgeon), both nationally funded 
clinician-scientists. The primary objective is to drive advances in cancer therapeutics 
through a translational, three-pronged strategy: 

a. Multi-dimensional interrogation of samples obtained at point-of-care

b. Establishing representative models to study therapeutic response and biomarker 
discovery 

c. Application of novel agents and/or combinations in the setting of co-clinical trials

a. Interrogating Tumour Samples

 Samples: To study tumour heterogeneity and cancer evolution—two highly 
dynamic processes—and as a way to better understand exceptional therapeutic 
response, samples are acquired at the point of clinical care from resected surgical 
samples in spatially discrete regions or serial tissue and liquid biopsies. 

 Multi-dimensional profiling and single-cell analysis: Routine profiling includes 
targeted gene panels, whole-exome, whole-genome and RNA-seq. Single-cell 
RNAseq can further answer questions pertaining to how heterogeneity contributes 
to drug response and metastasis.

 Immunophenotyping: The role of the immune therapy is now firmly established 
in lung and head and neck cancers. We intend to apply deep profiling strategies 
to understand the immune repertoire for the identification of specific immune 
phenotypes and exhausted populations that have the capacity for reactivation. 

b. Preclinical Disease Modelling

 We have optimised protocols to establish patient-derived 2D and 3D cultures from 
head and neck squamous cell carcinoma and lung cancer. These models are to 
support projects that are ex vivo representatives of clinical scenarios (exceptional 
responders, screens, co-clinical trials, among others).

c. Translational Therapeutics

 Novel therapies: Our laboratory closely interfaces with the Experimental Cancer 
Therapeutics Unit (Phase I unit) in interrogating bio-specimens to enable the discovery 
of next-generation biomarkers and explore new combinatorial approaches. 

 Exploiting combinatorial approaches: We are also exploring combinations that 
can be used to limit the evolution of resistance or maintain a stem-like phenotype. 
These insights can be applied to the clinic through innovative, adaptive clinical 
trials as well as neoadjuvant or window-of-opportunity regimens.
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The focus of our laboratories, which is led by two clinician-scientists, centres on four 
topics in two dominant cancers in Singapore—prostate cancer (3rd most common) and 
nasopharynx and head and neck cancers (7th most common among males). These topics 
are: 1) To characterise the molecular landscape of radioresistant and lethal metastatic 
prostate and head and neck cancers; 2) To develop novel prognostic and predictive 
biomarkers in these tumour types to improve clinical stratification and precise treatment 
matching; 3) To apply novel therapeutic strategies clinically, including proton beam therapy 
(PBT), photodynamic therapy (PDT), and targeted drugs/nanotherapeutics to improve 
the therapeutic ratio of these modalities in the management of treatment-refractory 
tumours; and, finally, 4) To incorporate large “–omics” datasets, including molecular 
(genomics, epigenomics, transcriptomics), pathological, and imaging (radiomics) datasets 
to build robust models that can personalise risk stratification and therapies in patients 
with these cancers. Our research activities are largely funded by several national-level 
and institutional grants, amounting to >3M SGD in research funding. Of note, Prof. Soo 
is the Lead PI on a National-level project that is being funded by the National Research 
Foundation exploring the radiobiological effects of PBT. Amongst our key discoveries in 
the different topics, our group has 1) developed a novel prognostic index (PRANCIS – 
http://PRANCIS.Medlever.com) to personalise treatment recommendations for patients 
with radioresistant nasopharyngeal cancer; 2) clinically implemented PDT in a pilot 
cohort of patients with recurrent head and neck cancer, who have failed all other lines of 
treatment; and 3) harmonised two pipelines (Pyradiomics and MODDICOM) for in-depth 
radiomics analyses of real-time, treatment-captured, cone-beam CT images for adaptive 
radiotherapy planning in patients with nasopharyngeal cancer. 

We’re a translational research team. Our approach is to identify specific situations where 
advances in science and technology can be exploited to overcome the current challenges 
in the clinical management of gastrointestinal (GI) cancer. We focus on three areas: 1. Real-
time diagnostics (Lead: Iain Tan), non-invasive testing with circulating cell-free DNA; 2. 
Metastasis (Lead: Clarinda Chua); and 3. Immuno-oncology (Co-Lead: Iain Tan, Koo Si-
Lin). Our approach uses multi-omics analyses of colorectal cancer sets (WGS/WTS/whole 
proteome/metabolomic/microbiome) with one of the largest pan-omic sets of GI cancers 
globally. We use patient-derived tumour models for studies in metastases and immune 
cells (tumour-infiltrating and peripheral immune cells) with corresponding patient-
derived tumour models for studies in immunotherapy. We are performing window-of-
opportunity clinical studies with pre-op immunotherapy and studies towards neoantigen 
vaccine therapy. Our laboratory has published widely, with publications in Nature, Nature 
Genetics, Nature Medicine, Science Translational Medicine, Immunity, Annals of Medical 
Oncology, among others. We have multiple national research grants and are involved with 
several national research programmes. We lead several investigator-initiated trials and 
also participate in global Phase 2/3 trials. 
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PROGRAMME IN TRANSLATIONAL AND CLINICAL LIVER RESEARCH LABORATORY OF GENOMIC MEDICINE 

RESEARCH STAFF
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Dr. Lingyan WU, Laura SOO

Professor Pierce CHOW
MBBS (NUS), M.Med (Surgery), FRCS 
(Edinburgh), FAMS (Gen Surg), PhD (NUS)

Principal Investigator, Programme in 
Translational and Clinical Liver Research, 
Division of Medical Sciences

Senior Consultant, Division of Surgical 
Oncology

pierce.chow.k.h@singhealth.com.sg 

JOINT APPOINTMENTS: Senior 
Consultant, HPB/Transplant, SGH • Research 
Director, IMCB • Adjunct Senior Group 
Leader, GIS • Professor and Course Director, 
Duke-NUS Medical School • Protocol Chair, 
Asia-Pacific Hepatocellular Carcinoma 
(AHCC) Trials Group

Hepatocellular carcinoma (HCC) is a significant challenge in healthcare, with huge 
unmet clinical needs. HCC, also known as primary liver cancer, is the second-most 
important cause of cancer-related mortality worldwide, and 80% of HCC cases are 
found in the Asia-Pacific region. Only about 20% of HCC cases present with early-stage 
HCC potentially curable by surgery, transplantation and radiofrequency ablation. 
Even in these, cancer recurrence is a common phenomenon and overall survival for 
HCC remains poor. There is thus compelling need for better therapies and a better 
understanding of the biology of HCC. 

The Translational and Clinical Liver Research Programme at NCCS addresses these 
challenges through an integrated bench-to-bedside approach. Additionally, our 
programme is multi-institutional in nature and we work closely with leading research 
institutions (Translational Immunology Institute, Genome Institute of Singapore, 
Institute of Molecular and Cell Biology, Cancer Science Institute, Singapore, Singapore 
Phenome Center, Singapore General Hospital, National University Hospital). This multi-
institutional collaboration has endowed us with the capability to conduct specialised 
and in-depth research into the multiple “- omics” of HCC and patient-derived models 
and apply them to precision medicine in HCC. It also houses the secretariat of the 
collaborative 21 year-old Asia-Pacific HCC Trials Group. 

Over the past few years, our programme has received several notable grant awards, 
such as: 

 2018: National Medical Research Council’s Clinician-Scientist Award (NMRC CSA) 

 2017: BMRC Industry Alignment Pre-Positioning Fund (IAF-PP) 

 2016: NMRC Translational Clinical Research (TCR) grant for the National Flagship 
Programme in Liver Cancer

The Laboratory of Genomic Medicine is newly established in 2018 and is the translational 
arm of the broader Inherited Cancer and Rare Disease Translational Research Programme 
led by Dr. Joanne Ngeow, who also leads the NCCS’s Cancer Genetic Service (CGS). 

CGS provides genetic risk assessments for patients with familial and/or rare and 
undiagnosed diseases. Their mission is to serve as the expert base in the principles 
and practice of genetic and genomic medicine by being a single platform for research, 
academic clinical practice, and education for the NCCS, so that personalised healthcare, 
based on rigorously researched, validated genetic information, can be incorporated 
into all healthcare decisions. 

CGS serves as a self- and physician-referral–based clinical centre that provides expert 
genetic risk assessment for a broad array of diseases, education, genetic counselling, 
targeted gene testing, medical management recommendations and appropriate multi-
specialty referrals. It is unique in that the comprehensive clinical practice of medical 
genetics and genomic medicine is housed under one roof in proximity to the research 
on which the evidence-based practice of personalised genetic healthcare is performed. 
All patients and families seen at CGS are offered research enrolment. 

The laboratory focuses on inherited and somatic (body cell) mutations that contribute 
to cancer susceptibility syndromes as well as rare hereditary disorders, such as 
metabolic and endocrine disorders. Using state-of-the-art sequencing technologies, we 
search for causal sequence variants in DNA from inherited cells of at-risk individuals, in 
human tumour genomes, and in the genomes of model organisms to determine novel 
susceptibility genes and to better understand gene–gene and gene–environmental 
interactions. There is a paucity of such data in Asia and in Singapore. Since 2014, the 
team has published on the role of genetic predisposition in young breast, colon, 
sarcoma, endometrial, and childhood cancers, and is currently exploring ways to exploit 
these insights for therapy.
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Medicine, Division of Medical Sciences

Senior Consultant, Division of Medical 
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Head, Cancer Genetics Service

joanne.ngeow.y.y@singhealth.com.sg

JOINT APPOINTMENTS: Associate Professor 
(Genomic Medicine), Lee Kong Chian School 
of Medicine, NTU • Consultant Staff, Genomic 
Medicine Institute, Cleveland Clinic, USA • 
Fellow, IMCB
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Second malignant neoplasms (SMN) 
in Cowden Syndrome patients with 
underlying germline PTEN mutations.  
J Clin Oncol. 2014;32:1818–1824.

2. Ngeow J, Yu W, Yehia L, et al. Exome 
sequencing reveals germline SMAD9 
mutation that reduces PTEN expression 
and is associated with hamartomatous 
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ganglioneuromas. Gastroenterology. 
2015;149:886–889.

3. Ngeow J, Liu C, Zhou K, et al. Detecting 
germline PTEN mutations among at-risk 
patients with cancer: An age- and sex-
specific cost-effectiveness analysis. J Clin 
Oncol. 2015;33:2537–2544. [Featured on 
Hematology/ Oncology Today.]

4. Ho SS, Zhang WY, Tan NY, et al. The DNA 
structure-specific endonuclease MUS81 
mediates DNA sensor STING-dependent 
host rejection of prostate cancer cells. 
Immunity. 2016;17;44:1177–1189. 

5. Li ST, Yuen J, Zhou K, et al. Impact of 
subsidies on cancer genetic testing 
uptake in Singapore. J Med Genet. 
2017;54:254–259. [Featured in Economist 
Intelligence Unit Case Study: Value 
Based Healthcare: Singapore Building 
on Excellence, 2017 and a model of care 
being considered by the Ministry of 
Health for genetic testing funding.]
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patients with hepatocellular carcinoma.  
J Clin Oncol. 2018;36:1913–1921.

2. Chew V, Lee YH, Pan L, et al. Immune 
activation underlies a sustained 
clinical response to Yttrium-90 
radioembolisation in hepatocellular 
carcinoma. Gut. 2018. doi: 10.1136/
gutjnl-2017-315485.

3. Zhai W, Lim TK, Zhang T, et al. The 
spatial organization of intra-tumour 
heterogeneity and evolutionary 
trajectories of metastases in 
hepatocellular carcinoma. Nat Commun. 
2017;8:4565.

4. Chow PK, Gandhi M, Gebski V. The 
Sirvenib and Sarah Trials and the role  
of sir-spheres(R) Y-90 resin microspheres 
in the management of hepatocellular 
carcinoma. Future Oncol. 2017;13:2213–
2216.

5. Chew V, Lai L, Pan L, et al. Delineation 
of an immunosuppressive gradient 
in hepatocellular carcinoma using 
high-dimensional proteomic and 
transcriptomic analyses. Proc Natl Acad 
Sci U S A. 2017;114:E5900–E5909.
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LABORATORY OF APPLIED HUMAN GENETICS TRANSLATIONAL CANCER BIOLOGY LABORATORY 

The Laboratory of Applied Human Genetics was conceived 3 years ago under the 
leadership of Prof. Teo and Asst. Prof. Ong. Asst. Prof. Ong pursued his PhD at the University 
of Cambridge, UK, as an NRF-MOH Research Scholar in 2009. As a returning scientist with 
an aspiration to become a surgeon–scientist, he quickly resumed cancer research and has 
been under the mentorship of Prof. Kon since 2016. 

Our laboratory is an interdisciplinary laboratory, with a specific focus on peritoneal and 
sarcoma malignancies. The dual-hatting of surgeon–scientists in the Division of Surgical 
Oncology gives our laboratory an intrinsic advantage by combining our clinical practice 
with laboratory research, effectively paving the way for bench-to-bedside translational 
research. Our laboratory’s area of expertise harnesses this advantage, allowing for a) 
multi-sampling of surgically collected samples to correct for intra-tumoral heterogeneity, 
b) rapid transfer of tissues to prevent degradation, and c) generation of in vivo mouse 
models of human samples. Our approach to solving clinical questions with translational 
relevance and addressing hypotheses is illustrated in Figure 1. 

Since its inception, 
our laboratory has 
been awarded seven 
grants, including two 
National Medical 
Research Council 
(NMRC) grants. The 
team has also received 
numerous awards, 
including International 
Conference Travel 
Award, Best Oral 
Presentation Award, 
Young Investigator 
Award, Distinguished 
Young Researcher 
Award, and an NMRC 
Transition Award. 
Despite our infancy,  
we have one 
publication with an 
impact factor >5 and 
two manuscripts 
currently under review. 
Our team’s present 
work is expected to  
be published in the 
next 18 months in a 
journal with an impact 
factor >10. 

The Translational Cancer Biology (TCB) Laboratory is focused on developing biological 
correlates relevant to clinical trials and the translational arena, and on establishing an 
interface between engineering and medicine. Specific areas include:

1) Circulating cancer markers. The laboratory has been developing circulating tumour 
cell (CTC) technologies in collaboration with the NUS Mechanobiology Institute 
and local start-up companies, such as Clearbridge Biomedics. We are looking at 
the utility of these markers in the establishment of diagnosis and during treatment, 
and their potential utility as screening tools in conjunction with existing screening 
technologies, such as low-dose computed tomography in lung cancer.

2) Establishing in vitro primary cell line cultures. The laboratory has established ovarian 
disease models across a variety of malignant and benign ovarian conditions. These 
models will be used to understand the biological progression of disease and for the 
discovery of novel drug targets relevant to the disease model. We are expanding this 
into other tumour histologies and collaborating with like-minded investigators on 
humanised mouse models.

3) Extracellular matrix signatures relevant to cancer. We adopted a big data approach 
to differential gene expression and mining public data, and have described a novel 
gene expression signature that prognosticates across lung and other cancer types. 
We are now looking into correlating this signature in CTCs for metastasis, and 
examining gene expression changes in whole tumours to draw relations to the 
immune response and the development of resistance.

The PI is a clinician-scientist awardee and Principal Investigator at IMCB, A*Star. He is an 
active international clinical trialist, and is Clinical and Scientific Director, Investigational 
Medicine Unit, SingHealth. The laboratory is supported by an NMRC Clinician-Scientist 
Award, Industrial Alignment Funds, and IMCB core funding. 
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Commun. 2017;8:1734. 
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LABORATORY OF HAEMATOPOIETIC STEM CELLS, BLOOD CANCERS AND CELLULAR THERAPY

TECHNOLOGIES
EMERGING 

Our research has focused on expanding or replacing the role of haematopoietic and 
mesenchymal stromal cells to enhance haematopoietic recovery after high-dose 
chemotherapy and transplantation as well as for the treatment of autoimmune disease.

We have developed a small molecule that can expand blood stem cells effectively 
and that could significantly improve the outcome of haematopoietic blood stem cell 
transplants, especially cord blood transplants. Interestingly, this molecule appears to 
encourage the growth of the most primitive blood stem cells while suppressing the 
growth of leukaemia cells, suggesting a potential for use in accelerating haematopoietic 
recovery with simultaneous leukaemia control. 

In addition, we have also developed a two-factor (2F) combination that can effectively 
treat graft versus host disease as well as autoimmune disease in mice. These technologies 
have been patented and we are currently looking to bring both treatments to  
clinical trials.

Finally ongoing studies have also recently identified a new role for the stromal 
microenvironment in the pathogenesis and disease progression of myelodysplastic 
syndromes, a pre-leukaemic disorder of the bone marrow. This could provide the basis 
for the introduction of new cancer drugs that target the stromal microenvironment 
and the means for identifying patient populations that may benefit from such therapy. 
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Fluidigm C1™ Single-Cell Auto Prep System (Lab 602) is a 
system to automate single-cell genomics workflow. Single-cell 
suspensions are dispensed onto a microfluidic chip, which isolates 
the cells into individual chambers where biochemical processes, 
such as cell lysis, reverse transcription, barcoding, amplification, 
and enzymatic digestion can be performed on cellular genetic 
material for further downstream genomic analyses. The system 
can perform myriad applications, such as mRNA sequencing and 
expression profiling, whole-genome sequencing, whole-exome 
sequencing, and targeted sequencing, and can accommodate 
customised scripts for other applications of interest (Figure 2). 
It accommodates up to 800 cells per chip for mRNA expression 
profiling and up to 96 cells per chip for all other applications. The 
laboratory of Assoc. Prof. Gopalakrishna Iyer and Dr. Daniel 
Tan uses the Fluidigm C1 to study the heterogeneity of tumours 
derived from patients with oral squamous cell carcinoma (OSCC) 
and non-small-cell lung carcinoma (NSCLC). A plethora of cell 
types, both malignant and non-malignant (i.e., fibroblasts and 
immune cells) have been identified using this technology. The 
laboratory is seeking to identify the genes that contribute to 
metastasis and immune suppression, and methods to reinvigorate 
the immune system to fight against tumours. Notably, single-
cell sequencing enables the determination of factors that 
promote tumour metastases, which, in turn, contributes to the 
understanding of treatment resistance and metastasis in cancers.

DEPArray™ NxT Digital Cell-Sorting System (Lab 600) is a 
system for high-resolution sorting and dispensing of single cells. 
Single-cell suspensions are fluorescently labelled and dispensed 
onto a microfluidic chip and loaded into the DEPArray, where cells 
are dispersed onto an array of 100,000 dielectrophoresis (DEP) 
cages. Cells within these cages can be visualised by a fluorescence 
microscope within the system and interrogated by bright-field, 
fluorescence colour/intensity, and size. Individual cells of interest 
can then be dispensed into tubes or onto microplates for a host of 
downstream applications. The system is amenable to live, frozen, 
or fixed samples (e.g., blood fixatives or formalin-fixed, paraffin-
embedded samples; Figure 3). The laboratory of Prof. Bin Tean 
Teh uses the DEPArray to isolate rare circulating tumour cells (CTC) 
from high-risk prostate cancer patients (D’Amico intermediate to 
high risk) to evaluate the prognostic value of CTC counts and the 
genomic aberrations present in CTC populations as compared to 
the corresponding primary tumours or metastatic sites. Notably, 
the ability to load a large cell population and perform multi-
channel fluorescent labelling on the DEPArray provides excellent 
cell separation resolution for the isolation of rare cell populations 
for such studies.

BD FACSCanto™ II (Flow Cytometry Room) is a system for high-
throughput fluorescence-activated cell sorting (FACS) analysis. 
Single-cell suspensions are fluorescently labelled and aspirated into 
the flow cell, where they can be analysed for a range of criteria, such 
as viability, function, apoptosis, necrosis, and cell cycle analysis. The 
system allows excitation with three lasers: blue (488 nm), red (633 
nm), and violet (405 nm), thus supporting numerous fluorophore 
wavelengths from PE-Cy™7 (longest) to FITC (shortest). The system 
also offers variable flow rates (10 to 120 µL/min), with scan rates of 
up to 10,000 events per second, and is compatible with live, frozen, 
and fixed cells. The laboratory of Prof. Balram Chowbay uses the 
BD FACS Canto II to detect cellular dynamics in preclinical studies 
involving metronomic chemotherapy, an emerging therapeutic 
strategy to provide a multi-targeted modulation of anti-tumour 
immunity, induction of tumour dormancy, and normalisation of 
tumour vasculature. The laboratory of Prof. Kanaga Sabapathy 
uses the FACS Canto II to study how the tumour suppressor gene 
Tap73 (a p53 family subtype) and the oncogene DNp73 regulate cell 
death in cancer, with the objective of understanding the molecular 
mechanisms of this gene pair in cancers for new therapies. Notably, 
the high-throughput and sensitivity of flow cytometry greatly 
facilitates the detection of single-cell markers and cell populations 
of interest for these projects. 

ArcturusXT™ LCM System (Flow Cytometry Room) is a system 
for laser-capture microdissection (LCM) of pure cell populations 
from heterogeneous samples mounted on slides. It has a dual 
laser setup: a gentle infrared laser allows the capture of single 
cells as well as small cell populations whereas a ultraviolet laser 
enables isolation of a large area of cells with speed and precision. 
The contactless technology preserves the morphology and the 
biochemical properties of the tissues, thus serving as a useful 
method of collecting cells of interest for DNA, RNA, and/or protein 
analyses. Various sample types (formalin-fixed, paraffin-embedded 
samples, blood smears, live cells, and cytologic preparations) can 
be used on this system. The laboratory of Prof. Oi Lian Kon,  
Adj. Prof. Melissa Teo, and Dr. Johnny Ong uses the ArcturusXT 
in combination with next-generation sequencing technologies to 
study the molecular landscape of malignancies, such as colorectal 
peritoneal carcinomatosis, Krukenberg tumours, sarcoma, head 
and neck cancers (Figure 4). The group aims to understand the 
molecular basis of cancers to identify potential biomarkers or 
druggable targets to improve treatment in patients with advance 
cancers. Notably, the ArcturusXT system allows for the use of 
formalin-fixed, paraffin-embedded samples, which enables the 
group to harness the rich repertoire of archived pathological 
samples for hypothesis-driven research. 

As a world-class oncology research facility, the NCCS houses a range of cutting-edge technologies that enable our 
work. The equipment is accessible to the entire NCCS research community and reflects our culture of embracing 
relevant state-of-the-art technologies to enhance our research prowess and encourage scientific collaborations. 
Some of the new equipment (Figure 1) are highlighted below. 

Figure 2. Representative micrographs of wells of an integrated 
fluidic circuit (IFC). Using a Fluidigm C1 LIVE/DEAD staining 
kit, viable cells appear as green and dead cells as red when 
viewed with a fluorescence microscope. Wells with the 
capture of (A) a single viable cell are selected for cDNA library 
preparation, whereas wells with (B) a single dead cell,  
(C) multiple viable cells, or (D) no cells are excluded.

Figure 3. Workflow and applications of the DEPArray platform. FFPE, formalin-fixed, 
paraffin-embedded. 

Figure 5. Workflow and applications of the Nanostring platform. QC, quality control; OTC,  
over the counter; FFPE, formalin-fixed, paraffin-embedded. 

Figure 1. Emerging technologies in the NCCS.

DEPArray NanostringArcturus XT

SeahorseFACS Canto IIFluidigm C1

Figure 4. Representative histological images of 
Krukenberg tumour microdissected with the Arctutus 
XT: (A) Haematoxylin and eosin-stained reference 
section (100×), (B) pre-cut section (100×), and (C) 
laser-capture microdissected sections (100×)

Agilent Seahorse XFe96 Analyzer (Lab 504) is a system for 
precise and sensitive measurements of oxygen consumption 
rate (OCR), an indicator of mitochondrial respiration, and 
extracellular acidification rate (ECAR), an indicator of glycolysis. 
Biological samples of interest are placed into a microchamber 
where concentrations of dissolved oxygen and free protons are 
measured every few seconds by solid-state sensor probes residing 
200 microns above the cell monolayer. The system performs 
measurements in a 96-well format and allows independent 
injections of four compounds per well, where simultaneous and 
label-free measurements of OCR and ECAR can be performed. It 
is compatible with both adherent and suspension cells as well 
as isolated mitochondria. The laboratory of Dr. Han Chong Toh 
uses the Seahorse to study sorafenib resistance in hepatocellular 
carcinoma. Their research aims to identify metabolic modulators 
that can recalibrate resistant cells to re-induce sensitivity to 
sorafenib. Notably, the Seahorse enables the group to study 
the effects of compounds on mitochondrial respiration in a  
high-throughput manner. 

NanoString nCounter® FLEX (Lab 600) is a system for highly 
sensitive and multiplexed measurements of various genomic 
readouts. Analytes of interest are extracted and then loaded onto 
an nCounter cartridge where they are hybridised to unique colour-
coded DNA/RNA barcodes and then quantified via single-molecule 
imaging. It is currently one of the leading platforms for rapid and 
accurate targeted gene expression profiling, microRNA expression, 
copy number variation, and single-nucleotide variant profiling. The 
system can profile up to 800 targets at once (with a 2-day turnaround 
time), has minimal sample requirements (down to single-cell 
quantities of material) and is compatible with various sample 
types (live; frozen; and formalin-fixed, paraffin-embedded; Figure 
5). The NCCS Integrated Genomics Platform (IGP@NCCS), led by  
Mr. Cedric Ng and Prof. Bin Tean Teh, runs the Nanostring system 
on a fee-for-service basis, helping in various research projects and 
aiding diagnostics, where off-the-shelf or user-customised panels 
are used to study gene expression levels of different pathways. 
The speed and sensitivity of the Nanostring system, together with 
its compatibility for a range of preserved tissue types, provides an 
excellent tool for research in a cancer centre setting. 
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Investigators from the NCCS have forged interdisciplinary 
collaborations with other local institutions on several projects 
to leverage on their research expertise and cutting-edge 
technologies. These collaborations facilitate the exchange of 
ideas and help to drive innovation. 

NCCS scientists and clinicians have teamed up with the research 
groups of Dr. Qingfeng Chen, Dr. Ernesto Guccione, Prof. Vinay 
Tergaonkar and Prof. Qi Zeng from the Institute of Molecular 
and Cell Biology (IMCB) to establish “humanised” mouse 
models for investigating novel immunotherapy compounds, 
small molecule inhibitors and anti-sense oligonucleotide.  
Dr. Chen and his team focus on the adoptive transfer of human 
cells into immunocompromised mice to reconstitute functional 
immune systems in these animals. They have developed 
immune-competent, patient-derived xenograft (PDX) models 
for mechanistic studies on the interactions between tumour 
and the immune microenvironment. In collaboration with Prof. 
Kanaga Sabapathy, Dr. Guccione investigates the mechanisms 
of transcriptional and post-transcriptional regulation in 
cancer through in vitro and in vivo models, with a focus on 

targeting methyl transferases (PMTs) in cancers; additionally, 
they work on modulating alternative splicing using anti-sense 
oligonucleotide (AON)-based approaches to correct aberrantly 
spliced transcripts in cancers. Prof. Tergaonkar’s research 
focuses on the master regulator of inflammation, NFκB. His 
team aims to identify targets that will allow for a more selective 
blocking of the inflammatory pathway by novel drugs, thereby 
producing fewer side effects. Prof. Zeng has been working at 
the forefront of both basic and translational research on PRL-3 
oncoprotein for the underlying basis of its role in cancer as well 
as the mechanism of action for PRL3-zumab, the First–in-Class 
humanised antibody against PRL-3. For the past many years, her 
lab has collaborated with NCCS clinicians to study PRL-3 protein 
expressions in multiple cancer types and they are planning for a 
Phase II clinical trial to test efficacy of this therapeutic antibody. 
In a multi-institutional collaboration with Prof. Pierce Chow, a 
joint lab was set up in IMCB to create a robust, patient-specific 
diagnostic and drug prediction platform aimed at improving 
the clinical management of hepatocellular carcinoma (the 
PURPOSE programme). 

Dr. Ernesto Guccione Prof. Vinay Tergaonkar Prof. Qi ZengDr. Qingfeng Chen

There are several ongoing collaborations between the 
NCCS and GIS that are embedded within the lung, liver, 
gastrointestinal, and head and neck NCCS programmes.  
Dr. Anders Skanderup works with Dr. Iain Tan and Dr. Daniel Tan 
to build OncoSG—a data and knowledge exchange platform 
that presently holds 50,000 clinical data. This web-based 
platform integrates, visualises, and analyses patient genomics 
and clinical data to identify biomarkers of drug response in lung 
and colorectal cancers. Another data-centric collaboration with 
Dr. Jonathan Göke uses large-scale, transcriptomic datasets 
to understand alternative splicing, alternative promoters, and 
non-coding transcription in cancer. To this end, Dr. Göke works 
with Assoc. Prof. Gopal Iyer to analyse the epidermal growth 
factor receptor expression profile in oral cavity squamous cell 
carcinoma. Additionally, with Dr. Iain Tan and Dr. Daniel Tan, 
there is also ongoing work to analyse high-dimensional, whole-
genome sequencing and transcriptomic datasets of lung and 
colorectal cancer patients. With Prof. Kanaga Sabapathy, another 

spectrum of work involves studying the alternative splicing 
and alternative promoter landscapes for p53 and p73 across 
several human cancers. Dr. Torsten Wuestefeld’s interest in 
liver biology and liver cancer drives his work in the mechanisms 
of liver diseases and regeneration using sophisticated in vivo  
mouse models. Together with Prof. Han Chong Toh, they 
are studying a hepatocellular carcinoma-associated tumour 
suppressor protein called GATA4, as well as potential immune 
escape mechanisms in precancerous lesions. Dr. Weiwei Zhai is 
an evolutionary biologist and, together with Prof. Pierce Chow, 
seeks to understand the evolution of liver cancer and how to 
employ this information to design personalised treatment 
strategies for such patients. Finally, Dr. Ramanuj DasGupta 
focuses on “phenotype-driven precision oncology”, which 
he intends to bring to clinics; this platform aims to provide a 
high-throughput solution for interrogating matched clinical-
molecular datasets for novel therapeutic targets and biomarkers 
of tumour aggression. 

Dr. Anders SkanderupDr. Ramanuj DasGupta Dr. Torsten WuestefeldDr. Jonathan Göke Dr. Weiwei Zhai
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AUSTRALIA

1 Royal Prince Alfred Hospital 

2 University of Wollongong 

3 University of Melbourne 

4 IMRC

AUSTRIA

5 Max F. Perutz Laboratories, University  
of Vienna

BEIRUT

6 American University of Beirut, Faculty  
of Medicine 

CANADA

7 Ontario Institute for Cancer Research

8 Sunnybrook Research Institute

CHINA

9 Guangxi Medical University Cancer Center

10 Second Affiliated Hospital Zhejiang  
University School of Medicine

11 Zhongshan Hospital, Fudan University 
China

12 Beijing Cancer Hospital

13 Nanjing Bayi Hospital

14 Wenzhou Medical University

15 Huaxi Second University Hospital

16 Guangdong General Hospital

17 Sun Yat-sen University Cancer Center

18 China Agricultural University

19 Zhongnan Hospital of Wuhan University

FINLAND

20 MVision AI Ltd

FRANCE

21 Institut Gustave Roussy Villejuif

22 Institut Curie, Mines Paristec

GERMANY

23 Apocare Pharma GmbH

24 University of Konstanz, Weizmann Institute

25 Bayer Pharma AG

26 Dr. Margarete Fischer-Bosch-Institute  
of Clinical Pharmacology

27 OncoRay

HONG KONG

28 New B Innovative Pte Ltd

29 Tuen Mun Hospital

30 University of Hong Kong

31 Queen Mary Hospital

32 Chinese University of Hong Kong

INDIA

33 Tata Medical Centre 

INDONESIA

34 Sanglah General Hospital

35 University of Indonesia

ITALY

36 Gemelli Advanced Radiation Therapy

JAPAN

37 University of Tokyo

38 Juntendo University School of Medicine

39 National Cancer Center

40 Kyoto University

MALAYSIA

41 Penang Adventist Hospital

42 Sarawak General Hospital

43 University Malaya Medical Center

44 University of Malaya

MONGOLIA 

45 National Cancer Centre

MYANMAR

46 Yangon GI & Liver Centre

NEW ZEALAND

47 Auckland City Hospital

PHILIPPINES

48 Davao Doctors’ Hospital

49 Makati Medical Center

50 St. Luke’s Medical Center

51 The Medical City

SOUTH KOREA

52 SungKyunKwan University School of 
Medicine

53 Institute for Refractory Cancer Research, 
Samsung Medical Center, Research 
Institute for Future Medicine

54 Asan Medical Centre

55 Korea University Anam Hospital

56 Seoul National University Hospital

57 St Vincents Hospital

58 St. Mary’s Hospital

59 Severance Hospital, Yonsei University 
Health System

60 Yonsei Genome Institute, Yonsei University

61 Yonsei University College of Medicine

62 Samsung Genome Institute

63 Samsung Medical Center

SWITZERLAND

64 Ferring Pharmaceuticals 

TAIWAN

65 China Medical University Hospital

66 LK-Chang Gung Memorial Hospital

67 National Taiwan University Hospital

68 Taipei Veterans General Hospital

69 Sun Yat-sen University Cancer Center

70 Chang Gung Memorial Hospital

THAILAND

71 Chulabhorn Hospital

72 National Cancer Institute

73 Siriraj Hospital, Mahidol University

74 Ramathibodi Hospital

75 Cholangiocarcinoma Research Institute  
(CARI), Khon Kaen University

THE NETHERLANDS

76 Alloksys Life Sciences BV

UNITED KINGDOM

77 NHS National Services Scotland

78 Cardiff University

79 Sheffield Hallam University

80 University of Cambridge

81 University of Southampton Cancer 
Sciences Academic Unit and Clinical  
Trials Unit 

82 Lincoln’s Inn Fields Laboratory,  
The Francis Crick Institute

USA

83 NRG Oncology

84 City of Hope

85 University of Nebraska Medical Center

86 The Cleveland Clinic Foundation

87 GlaxoSmithKline

88 MD Anderson Cancer Center,  
University of Texas

89 AstraZeneca

90 Novartis

91 Texas Children’s Cancer Center,  
Baylor College of Medicine

92 Varian Medical Systems, Inc.

93 MedLever, Inc.

USA
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9  COLD ROOM 

4  GLASSWARE AND  
AUTOCLAVE UNIT 

6  BIOHAZARD FACILITY 

8  FREEZER ROOM 

7  CENTRIFUGE ROOM 

5  VIVARIUM 

(Front, left to right): Arifin Bin BASIR, Rosman Bin SLAMAT, Peng Hui CHENG, Martin TAN, Gerald CHUA, Jamaludin Bin JANTAN

(Back, left to right): Magdalene LIM, Mas Athirah Binte MOHD AIDI, Pauline TAN, Sylvia TAN, Jennifer Devera GERMONO, Sharon CHIANG,  
Josephine TOH, Rachel HAN, Rubiyah Binte ISMAIL, Kathy KOO, Wendy TAN, Samantha WONG, Chia Min TAN
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The National Cancer Centre Singapore (NCCS) is at the forefront of cancer treatment and research. Its common purpose is to offer 
patients hope by providing the best care, by having the best people and by doing the best research. Designed to provide integrated 
and holistic patient-centred clinical services, it allows cross-consultation among oncologists of different specialties. Patients can 
therefore be assessed by more than one specialist during the same visit.

The NCCS holistic approach not only provides comprehensive multi-disciplinary cancer care but also develops public cancer 
education programmes and spearheads cutting-edge clinical and translational research in the understanding, prevention, diagnosis 
and treatment of cancer. As a one-stop specialist centre housing Singapore’s largest pool of internationally qualified oncologists, 
NCCS hopes to attract and train oncology professionals in its bid to be the global leading cancer centre.

For enquiries, please email us at corporate@nccs.com.sg

NCCS WEBSITE www.nccs.com.sg 
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Professor Khee Chee Soo stepped down as Director, NCCS and as a core member of the NCCS Research Committee as of 26 November 
2017. We would like to thank Professor Soo for his dedication and efforts in building a strong medical and research team. He is the 
architect of NCCS inroads into cancer research and becoming a leading cancer institution renowned locally and internationally. 
Together with Dr. Melvin Chua, Professor Soo continues to lead the NCCS’ Tan Chin Tuan Laboratory of Optical Imaging, Photodynamic 
& Proton Therapy. As the Principal Investigator of two nationally funded large clinical research programmes with a total grant of more 
than S$15M, he will also be driving research efforts actively within the Head & Neck and Proton programmes. Professor Soo will 
continue to contribute as Senior Visiting Consultant at NCCS. 
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