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Overview of
Research at NCCS
By Prof kanaga sabapathy,
Head, Division of Cellular and Molecular Research

The National Cancer Centre Singapore (NCCS) has evolved to become one of the leading regional centres
for cancer treatment, especially for Asian-centric cancers. It is home to the largest number of researchers,
surgeons and oncologists that collectively attend to the growing number of cancer patients, including almost
70 percent of all public-sector institutions’ cancer patients in Singapore. We have also made our mark on the
international scene as patients from many parts of the world travel to NCCS to seek consultation and treatment.
NCCS also continues to be at the forefront of translational research as we relentlessly pursue a multi-disciplinary
approach to confront cancer. Our clinicians and research scientists have made remarkable breakthroughs, such
as the introduction of Ceritinib as a standard care for lung cancer patients with ALK mutations. NCCS is also
conducting the world’s first-in-human clinical trial of a novel immunotherapy vaccine that has shown promising
results as a therapy against various types of cancer such as ovarian, breast, prostate, colon, pancreas and lung
cancer. This exemplifies our continued dedication and commitment to research with the purpose of finding a
cure and our palliative approach to improve the quality of life for the patients.
The new NCCS building, which is expected to be completed in 2019, will be furnished with modern clinical
and research facilities to cater to greater patient capacity. It will include clinics and research laboratories
for the different specialties, as well as house a proton beam therapy centre. This will be the first proton
beam therapy facility in the region, and NCCS will provide treatment for specific types of cancer that are not
accessible via conventional radiation therapy. This new centre will also further enhance collaboration between
the clinics and the laboratories as they are brought closer together based on their specialties, thereby bringing
forth our translational research. We will continue with our efforts in developing our results from bench to the
clinics to provide better quality care for our patients.
NCCS will continue to attract the best talents in the research and medical community to
provide the best in cancer care. By adhering to our core values: Compassion, Integrity
and Collaboration, NCCS strives towards our Common Purpose, which is to offer
our patients Hope by providing the best care by having the best people and by
doing the best research.

The Pursuit of Global Excellence
The last 2 years have been exceptional for the National Cancer Centre Singapore
(NCCS) as we continue to position ourselves to stand-out for our strengths, with
the focus on tackling Asian cancers from both the research and clinical divisions.
Our research divisions – Cellular and Molecular Research, Medical Sciences,
and Clinical Trials and Epidemiological Sciences – which form the Humphrey Oei
Institute of Cancer Research (HOICR), embrace all the research activities carried
out at NCCS, where research groups engage in basic, translational and clinical
research with the goal of preventing cancer and improving the outcomes of cancer
therapy. We aim to translate our research findings from the bench to the clinics,
Prof kanaga sabapathy
and have a seamless integration of these two aspects to provide better holistic
care for the patients. This is achieved by close collaborations with the clinical oncologists from all five clinical
departments: Medical, Radiation and Surgical Oncology, Oncologic Imaging and Palliative Medicine.
We have seen an expansion of research activities yielding significant results. There has been an increase
in the number of national competitive grants that were awarded to our Principal Investigators (PIs), with 21
competitive grants received in 2014 as indicated (Figure 1). The number of research staff has also shown a
steady growth, where we had a total of 155 research staff in 2014, which included 52 clinician researchers,
representing 43% of the total number of clinicians here at NCCS last year (Figure 2). This shows the growing
research culture here at NCCS, where many of our clinicians have the drive to go beyond their clinical duties
to partake in our research activities. This is in parallel with our increasing number of high-impact publications,
which include those in high-impact journals such as New England Journal of Medicine (NEJM), Nature,
Nature Genetics, Nature Medicine, Lancet Oncology, Cancer Cell, Proceedings of National Academy of
Sciences (PNAS), etc. The number of publications has also shown steady growth over the years (Figure 3),
and we had 65 and 115 publications with JIF ≥ 5 and < 5 respectively, in 2014. All these successes have
also been very effectively translated to the clinical setting, and we have shown significant growth in the
number of clinical trials conducted, with 190 regulated trials being done in 2014 (Figure 4).

Professor Khee Chee SOO
Director
National Cancer Centre Singapore

Figure 1: Breakdown of the type of competitive national
grants awarded to NCCS Pls in FY2014.

Figure 2: Breakdown of research manpower at NCCS in FY2014
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It has also been a bumper year of awards for us, starting with Prof Bin Tean Teh who received the prestigious
NMRC Singapore Translational Research (STaR) Investigator award. In addition, Dr Iain Tan was awarded
the Clinician Scientist Award (CSA) and Dr Melvin Chua was awarded the Transitional Award. I was also
one of the 7 recipients of the inaugural NRF Investigatorship award (Class of 2015), which is given out with
the purpose of retaining top talents in Singapore.
Our major thematic programmes have also made significant progress with their research output. For instance,
the lymphoma team headed by Assoc Prof Soon Thye Lim has gained international recognition as they lead
the genomic studies for NK-cell and T-cell Lymphoma in the International Cancer Genomic Consortium
(ICGC). We have also had exceptional achievements with our other programmes such as breast cancer
and cholangiocarcinoma. The Laboratory of Cancer Epigenome, headed by Prof Bin Tean Teh, has been
selected to lead the International Cancer Genome Consortium (ICGC) project on cholangiocarcinoma.
These are proof that scientific research in Singapore, especially here at NCCS, has achieved international
recognition. We will continue to pursue research at the highest level of competence to become a cancer
centre of repute, not just in Asia, but globally.
Changes of Principal Investigators at NCCS
Dr Alexandra Pietersen has returned to Switzerland after 6 years at NCCS. She was the head of Laboratory of
Mammary Gland Biology, and was working on understanding the biology of breast cancer. Dr Mac Meng Fatt
Ho, head of the Laboratory of Oncoproteomics, has also moved on from NCCS after being with us for more
than ten years, working on uncovering protein markers that could be used to develop tools for early gastric
cancer detection. We thank them for their services at NCCS, and wish them the best for their future endeavors.

Figure 3: Total number of publications from FY 2005 to July 2015

Figure 4: Breakdown of Phase I-IV clinical trials conducted at NCCS from FY2005 to July 2015.

Prof Sven Pettersson, co-PI from the Laboratory of Inflammation Biology, is now the head of the Microbiota
Host Interactions, Nutrigenomics and Metabolism Laboratory at the Lee Kong Chian (LKC) School of
Medicine, Nanyang Technological University (NTU). He remains as a visiting PI at NCCS and continues to
head the LKC-NCCS germ-free facility to study the host-microbe interaction.
In 2013, NCCS made an international recruitment call for a new PI as part of the
renewal process, which received an overwhelming response from 140 applicants
from around the world. A selection committee, comprised of Prof David Virshup
(Programme Director, Cancer & Stem Cell Biology Programme, Duke-NUS), Assoc
Prof Sin Tiong Ong (Cancer & Stem Cell Biology Programme, Duke-NUS), Prof
Huck Hui Ng (Executive Director, Genome Institute of Singapore (GIS), A*STAR),
Prof Oi Lian Kon (Head, Division of Medical Sciences, NCCS) and Assoc Prof
Han Chong Toh (Deputy Director, NCCS), was set up to assess the applicants.
Dr Jiancheng Hu was finally appointed and he officially joined NCCS at the end
of 2014. He also holds a joint appointment at the Duke-NUS Graduate Medical
Dr Jiancheng HU
School Singapore. Dr Hu received his PhD from the Integrated Department of
Immunology, University of Colorado Health Sciences Center and National Jewish Medical Research Center
in 2007. He went on to complete his post-doctoral training at Andrey Shaw’s laboratory in the Department
of Pathology & Immunology, Washington University in St. Louis and Howard Hughes Medical Institute
from 2008. During this period, he has actively published in peer-reviewed journals, including top scientific
journals such as Cell and Proceedings of the National Academy of Sciences (PNAS). Dr Hu is an expert
molecular biologist who has dedicated his research to deciphering the structure, mechanism and function
of Raf kinases. This family of kinases is known to be an important node that is deregulated during cancer,
therefore his work is important as it gives us an insight into a possible cure against cancer. Moreover, current
drugs against Raf kinases have been shown to be ineffective against cancer. He will continue to investigate
the aberrant activation of Raf family kinases and their links to drug resistance mechanisms in cancer. This
would also provide a framework for drug development and targeted therapy for cancer patients who carry
mutations in any of the Raf family kinases.
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New Initiatives to Facilitate Cancer Research
NCCS has expanded our seed funding programme to support new and junior investigators conduct
research, as well as encourage the pairing of clinicians and scientists to further collaborative work. This has
allowed various projects to sprout, where the support received will allow them to acquire substantial results
for competitive national grant applications in the near future.
A joint initiative under the SingHealth Oncology Academic Clinical Programme (ACP) has also been set up to
support junior doctors, scientists and Allied Health Professionals (AHP) in their research on various oncology
topics. This Oncology ACP Collaborative Cancer Research Scheme (CCRS) which is supported by the NCC
Research Fund, encourages a mentorship programme for the younger PIs as they work with an established
senior for guidance in cancer research. Five clinician-scientists from NCCS, National Neuroscience Institute
(NNI), Singapore General Hospital (SGH) and KK Women’s and Children’s Hospital (KKH) were awarded
the grant in the first round of grant calls, and paired with NCCS and Duke-NUS mentors. This initiative
significantly strengthens the ties between NCCS and other SingHealth institutions with Duke-NUS.
On the external front, NCCS has established a joint partnership with Institute of Molecular and Cell
Biology (IMCB) to enable collaborations and closer networks of researchers from the two institutions. Joint
appointments were given to researchers from both institutes, and we hope that this number will increase in
the near future. By working together, we encourage the exchange of ideas amongst the scientists, as well
as allow better fluidity of resources between the two institutions. To commemorate this momentous event, an
inaugural Joint Oncology Symposium was held on 31 August 2015 to set our vision in motion. NCCS will
continue to establish collaborations with other tertiary institutions from other clusters on strategic plans to
enhance translational research.
We are also collaborating with various partners to establish different platforms to facilitate research
capacities. Together with Clearbridge BioMedics and the Pathology Department of the Singapore General
Hospital, we have set up the region’s first Circulating Tumour Cell Centre of Research Excellence (CTC CoRE),
which will focus on research programmes and clinical trials to advance the development of personalised
medicine for individual patients. Another example is our joint collaboration with Asia-Pacific Hepatocellular
Carcinoma (AHCC) Trials Group to create a platform with external regional and international research
partners, where NCCS provides the administrative leadership for the Trials Group while the clinical trials
database is handled by the Singapore Clinical Research Institute (SCRI).
NCCS also continues to enhance its industrial and commercial collaborations with its research programmes,
both pre-clinical and clinical, by partnering leading pharmaceutical and biotech companies in developing
new therapeutic strategies to treat cancer patients. Bayer and Novartis remain as our major collaborators
in pre-clinical and clinical research, and clinical trials on novel treatments have started for different types
of cancer. A new deal was recently signed with Australian company Cancer Therapeutics CRC (CTx) for
a drug discovery and development programme to identify lead compounds that might result in a future
cancer therapy. Such industrial collaborations support research at NCCS and allow partnerships with the
best companies worldwide in developing novel cancer therapeutics, thereby making them available to
Singapore's cancer patients.
On the operations side, NCCS has started the implementation of the iSHaRe system, which would facilitate
researchers in their grant applications, as well as CIRB ethics applications. It also allows investigators to track
and efficiently manage their research portfolios. NCCS is also collaborating with SingHealth Finance and
Procurement Department to develop and integrate to a common financial and procurement platform, which
will streamline the purchase and claims process for our researchers.
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Our Success Stories: Basic and Translational Research to the Bedside
Several significant discoveries have been made in the last couple of years. Prof Bin Tean Teh’s group has identified
a gene that is commonly mutated in fibroadenoma in a joint collaboration with Duke-NUS and SGH, which
would help doctors to accurately diagnose and distinguish breast fibroadenomas from breast cancers, therefore
preventing any unnecessary surgery for patients. This finding was published in Nature Genetics in 2014. Assoc
Prof Caroline Lee’s study on the structural interaction of FAT10 and MAD2 led to a publication in PNAS. Her
results supported the pro-malignancy paradigm of this interaction, and future drug development studies can be
initiated based on her discovery. Prof Kanaga Sabapathy’s group has published in Nature Cell Biology in 2015
the findings on the pro-angiogenic role of TAp73 in hypoxic conditions, which gives us a better understanding
on the prevalence of high expression of this gene in most cancers.
Prof Kam Man Hui and Prof London Lucien Ooi have also been working together to elucidate possible
biomarkers that can be used for detection of liver cancer. Their efforts have received significant recognition
and they were awarded the NMRC Bedside & Bench (B&B). Prof The Hung Huynh has also made significant
progress and has forged many industrial collaborations to support NCCS’ National Xenograft initiative.
Translating research findings to the clinical setting has always been of great importance to NCCS as we seek
to continuously realign our clinical practices in order to improve the quality of care to patients. In the past two
years, we have seen great success in translating our basic research for use in the clinics across different types of
cancer. One such example is a study in which our clinician-scientist Dr Daniel Tan evaluated the use of Ceritinib,
a drug that is able to target cancers patients with the ALK mutations. In the clinical trial, the results of which
were published in NEJM, it was concluded that Ceritinib was indeed very efficacious for the treatment of lung
cancers, especially with ALK mutations, and has since become the standard of care for such patients.
Another study led by Assoc Prof Han Chong Toh, launched the world’s first-in-human clinical trial of a novel
cancer vaccine to target top cancers in Singapore, such as colorectal, lung, prostate and breast cancer. This
first-in-human clinical trial using adenovirus has garnered plenty of international attention, and is to receive
endorsement from both U.S. Food and Drug Administration (FDA) and Health Sciences Authority (HSA).
In the field of hepatocellular carcinoma (HCC), Prof Pierce Chow has initiated a clinical trial of Yttrium-90,
a drug that has been shown to be effective in shrinking tumours quickly, therefore bringing hope to late
stage liver cancer patients. This drug is also cheaper than the commonly used Sorafenib, which would bring
financial relief to the patients. The efficacy of this drug has been shown by a late-stage patient, who has been
cancer-free after two months of Yttrium-90 treatment. In another study, he has shown that a combination
treatment of Sorafenib and Selective Internal Radiation Therapy (SIRT) improves the median survival of
patients with inoperable HCC.
Dr Kong Wee Ong has developed a cheap method to aid doctors in the detection of sentinel lymph nodes
during surgery, therefore reducing the risks for patients. He has also shown that surgery is safe for elderly
patients, and that this group should not be deprived from receiving treatment. Dr Iain Tan has identified genes
that are associated with liver metastasis in a genetic study that involved colorectal patients. The identification
of these genes would allow early detection and intervention, thereby improving the chances of a cure for the
patient. These works are exemplary of how our research has led to a direct benefit to the patients.
Our Future Goals
NCCS maintains our vision to be a cancer centre of international repute that provides the best patient care
through the best research, by utilising our expertise in basic, translational, clinical and behavioural/populationbased research. We are pleased to announce that our new building is slated for completion in 2019, and will
boast a larger premise to cater to greater patient numbers and increased research capacity. A state-of-the-art
Proton Beam Therapy facility will also be established in the new centre, which will be the first of its kind in
Southeast Asia. Together with our growing expertise to lead in the areas of Asian cancers, NCCS takes another
step closer to our vision of being a global leading cancer centre.
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NCC Research Fund and
community cancer fund
Board of Trustees
NCC Research Fund
Chairman
Dr Charles Chai Soon Toh
Co-chairman
Prof Ser Kiat Tan
(till 31 Mar 2015)

Community Cancer
Fund

Trustees of Both
Funds

Chairman
Prof Ser Kiat Tan
(till 31 Mar 2015)
Dr Charles Chai Soon Toh
(from 1 Apr 2015)

Mdm Geok Choo Ho
Mr Beng Hua Lim
Mr Boon Yew Ng
Prof Khee Chee Soo
Mr Nicky Ng Kuang Tan
Mr George Peng Heok Thia
Prof Ser Kiat Tan
(from 1 Apr 2015)

Co-chairman
Dr Charles Chai Soon Toh
(till 31 Mar 2015)

NCCs Research Committee
(2014 to 2016)
Chairman

Deputy Chairman

Members

Prof Kanaga Sabapathy
Head,
Cellular & Molecular Research

Prof Oi Lian Kon
Head,
Medical Sciences

Prof Khee Chee Soo
Director, NCCS

Prof David Virshup
Programme Director,
CSCB, Duke-NUS GMS
Assoc Prof Sin Tiong Ong
Associate Professor, CSCB,
Duke-NUS

Committees of Both Funds
Audit Committee
Chairman
Mr Boon Yew Ng
Members
Mr Kaka Singh
Mr Guan Seng Sim

Development
Committee

Investment
Committee

Chairman
Mdm Geok Choo Ho

Chairman
Mr Nicky Ng Kuang Tan

Members
Mr Liong Seen Kwee
Mrs Annie Chiam
Mr Fuh Gih Tan
Mr S. Magendiran
Ms Chien Chien Wong
Datuk Son Yam Eng
Mr Eric Teng
Ms Rosemarie Chong

Members
Mr Beng Hua Lim
Mr Boon Yew Ng
Prof Khee Chee Soo
Dr Charles Chai Soon Toh

Assoc Prof Eng Huat Tan
Head,
Clinical Trials &
Epidemiological Sciences

Ex-Officio Members
Dr Nicholas Tay
Chief Operating Officer
Ms Ching Bee Chan
Chief Financial Officer
Assoc Prof Gopal Iyer
Research Director, Surgical Oncology
Assoc Prof Darren Lim
Research Director, Medical Oncology

Prof Bin Tean Teh
Director,
Laboratory of Cancer Epigenome
Assoc Prof Han Chong Toh
Deputy Director, NCCS
Prof Balram Chowbay
Principal Pharmacologist,
Clinical Pharmacology Laboratory

Dr Jeffrey Tuan
Research Director, Radiation Oncology

Assoc Prof Paula Lam
Principal Investigator,
Laboratory of Cancer Gene Therapy

Assoc Prof Choon Hua Thng
Deputy Head, Oncologic Imaging
(Representing Head, Oncologic Imaging)

Mr Martin Tan
Assistant Director, Research Administration

Dr Grace Meijuan Yang
Associate Consultant, Palliative Medicine
Dr Hiang Khoon Tan
Director,
Division of Community Outreach and
Philanthropy
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Scientific Advisory Board

Prof Waun Ki Hong
Head, Division of Cancer Medicine
The University of Texas
MD Anderson Cancer Centre

Prof Patrick Maxwell
Regius Professor of Physic and
Head of the School of Clinical Medicine
University of Cambridge
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editorial team

Assoc Prof Eng Huat Tan
Head,
Clinical Trials & Epidemiological Sciences

Assoc Prof Caroline Lee
Principal Investigator,
Lab of Liver Cancer Functional Genomics

Mr Aaron Wang
Research Administration
Prof Webster K. Cavenee
Ludwig Cancer Research Director of Strategic Alliances in Central
Nervous System Cancers
Ludwig Institute for Cancer Research;
Distinguished Professor
University of California, San Diego

Prof Anthony R. Means
Nanaline H. Duke Professor of Pharmacology and Cancer Biology
Emeritus and Co-Director, Duke Cancer Institute Emeritus,
Duke University School of Medicine;
Professor of Molecular and Cellular Biology
Baylor College of Medicine

Ms Rachel Tan
Corporate Communications

Ms Gillian Tan
Corporate Communications
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Making headlines

2015
28 Jul, Today

21 Mar, Straits Times –Home

2014
15 Sep, Straits Times - Home

Singapore team finds way to
spot cancer early
A study of colorectal cancer patients in Singapore
identified key genetic features associated with
the spread of cancer in the colon or rectum to the
liver, which could aid early detection and improve
chances of survival.

15 Jul, Lianhe Zaobao

22 Jan, Straits Times – Home

Singapore develops first genetic test kit
for kidney cancer
Research team combines expertise in molecular
diagnostics and cancer research to develop
world’s first molecular test kit that enables doctors
to prescribe appropriate treatment and predict the
survival outcomes for kidney cancer patients.

06 Sep, Straits Times - Home

04 May, Straits Times - Supplement
Singapore prof elected into
US research group

SLICER Score for relapse prediction in
patients

03 Apr, Straits Times - Home

02 Aug, Business Times

04 Jan, Lianhe Wanbao

05 Sep, Lianhe Zaobao

Local researchers' breakthrough assist
doctor to quickly diagnose fibroadenoma
and breast cancer

Using drugs and radiotherapy can help
increase survival rate of middle and final
stage liver cancer patients
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Disease
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Signature Programmes
• Liver Cancer
• Lymphoma
• Lung and Head & Neck Cancers
Comprehensive Programmes
• Women’s Cancers
• Gastrointestinal Cancers
• Sarcomas & other Rare Malignancies
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SIGNATURE PROGRAMME:

liver cancer

By Kam Man Hui and Han Chong Toh
Hepatocellular carcinoma (HCC) is the second leading global cause of cancer death. In Singapore alone,
there are 400–500 new cases of HCC every year. The disease is primarily associated with cirrhosis and,
in Asia, mainly due to chronic infection with hepatitis B or C viruses, although the rising epidemic of nonalcohol steatohepatitis (NASH) is becoming an important risk factor for HCC in Singapore and worldwide.
Hepatic resection is the established therapy for early-stage HCC; however, many patients experience disease
recurrence, which converts HCC to a poor prognosis. Advanced HCC is generally resistant to chemotherapy,
and sorafenib still remains the only FDA-approved drug for the first-line treatment of advanced HCC. There
have been 70 other drugs evaluated for patients with advanced HCC in all phases of clinical trials but
these drugs have shown no additional success over sorafenib, compelling a necessary reassessment of this
complex neoplasm. The NCCS is committed to interrogating the molecular and mechanistic basis of HCC
through a focused, multidisciplinary approach with the long-term goal to improve the diagnosis, prognosis
and treatment of this endemic, devastating disease.

Our intent is to take critical clinical questions from
the bedside of HCC patients to the laboratory and
back again to convert fundamental knowledge and
technological know-how into powerful tools for the
diagnosis, treatment and prevention of HCC. The
existing programmes in HCC are mainly funded
by awards from competitive grant applications.
A comprehensive biospecimen collection in HCC
is available at NCCS and SingHealth institutions
(together with annotated clinical database, this
is the largest in the country) and prospective
data collection and collaborations between sister
institutions, such as with our neighbouring SGH, are
on-going. Our diverse investigative teams conduct a
series of highly focused, clinical application-driven
studies into the characterisation of the carcinogenesis
to explore potential therapies for HCC.
The laboratory of Prof Kam Man Hui employs
unbiased genome-wide strategies to survey relevant
human HCC tissues in order to identify key molecular
probes and genes/pathways that are altered in
HCC, and to explore how these genetic changes
affect HCC carcinogenesis. Their hope is to learn
how to manipulate these pathways to combat
HCC. Prof Kanaga Sabapathy’s laboratory
utilises mouse models for biomarker discovery
and to understand the molecular pathways that
are progressively deregulated by the various

etiological factors contributing to HCC formation.
The laboratory also seeks to understand the role of
p53 and p73 in cancers. Initial efforts have led to
the discovery of potential biomarkers for HCC that
are currently being evaluated in larger cohorts. The
laboratory of Assoc Prof Caroline Lee focuses on
understanding how chronic inflammation can lead
to cancer and on the development of strategies to
intervene with this process. Her laboratory is also
interested in investigating how the hepatitis B virus
plays an integral role in cancer development. Prof
Bin Tean Teh’s laboratory is interested in identifying
novel etiological factors in HCC by screening HCC
cancer genomes for specific mutations signatures
and to date have identified a herbal carcinogen
called Aristolochic Acid as a novel contributing
factor. Assoc Prof Han Chong Toh’s laboratory
focuses on translational research into tumour
immunology and immunotherapy, biomarker
discovery and molecular and metabolomics
pathways in HCC. They use proteome-based
studies to investigate prognostic markers of HCC,
both in the intrinsic tumour and in the surrounding
microenvironment. Prof The Hung Huynh’s
laboratory has successfully developed over 45
patient-derived HCC xenografts to test novel drugs in
collaboration with numerous global pharmaceutical
companies. Their successful pre-clinical work into
single-agent and combinatorial drug clinical trials
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(conducted by the clinical team at the NCCS) has
contributed to the development of novel therapies
for advanced HCC. Combinatorial clinical trials
are an important NCCS hallmark strategy in
tackling HCC. Prof Huynh’s laboratory has also
developed sorafenib-resistant HCC xenografts in
pivotal studies to understand the resistance of HCC
to therapeutic targeting. The laboratory of Assoc
Prof Paula Lam is actively investigating the role of
mesenchymal stem cells as an in vivo vehicle for the
delivery of potential tumoricidal genes in animal
models of HCC. The NCCS has an important,
on-going academic–industry collaboration with
the on-site Roche Translational Research Hub colocated here at SingHealth. The first focus project
is on the resistance to anti-angiogenesis therapies
in HCC and other cancers, incorporating functional
imaging with double contrast-MRI (DC-MRI) and
animal positron emission tomography-computed
tomography (PET-CT) scanning.
Any potentially active therapy discovered in our
mouse models or in our laboratories are brought
directly to patients in early-phase clinical trials led by
Dr Su Pin Choo, through the Experimental Cancer
Therapeutics Unit. Most of our investigator-initiated
HCC trials have resulted from drug discovery work
done in Prof Huynh’s patient-derived HCC xenograft
models. Similarly, any molecular discoveries in
HCC patients are brought back to the bench to test
hypotheses and to improve our understanding of
the mechanisms of action of drugs and diseases. Dr
Choo, who is Deputy Head of Clinical Trials and

Epidemiological Sciences unit, also leads the Phase
II and Phase III HCC trials, allowing patients access
to novel therapeutics. At any point in time, we have
about 3 to 5 clinical trials in HCC ongoing. We
see about 200 new HCC patients per year in the
NCCS and about 30% of our patients are recruited
for the trials. Prof Pierce Chow, who leads the
Asia-Pacific Hepatocellular Carcinoma (AHCC)
trials group, has led five multicentre investigatorinitiated HCC clinical trials. The AHCC trials group,
which has over 40 sites in 17 different countries,
is a collaborative research group formed in 1997
by clinicians from major Asia-Pacific medical
centres. The overall aim is to bring discoveries from
the bench to the bedside that can be translated
into the next effective therapy for HCC patients.
In addition, the Programme in Translational and
Clinical Liver Research established by Prof Chow
aims to: (i) Evaluate novel therapies in HCC through
in vitro and in vivo proof-of-principle experimental
oncology studies, especially in brachytherapy, that
can proceed to first-in-human studies; (ii) Investigate
inter-patient and intra-tumoral heterogeneity in HCC
to identify clonally dominant therapeutic targets;
(iii) Conduct experimental and clinical research on
non-alcoholic fatty liver disease (NAFLD) and nonalcoholic steato-hepatitis (NASH).
In summary, our trajectory is clearly aimed at
rapidly translating advances from research into
better standards of care to impact human HCC,
potentially at an earlier stage of this disease.

RESEARCHERS

Dr Su Pin Choo

Prof Pierce Chow

Assoc Prof Caroline Lee Prof Kanaga Sabapathy

Prof Kam Man Hui

Prof Bin Tean Teh

Prof The Hung Huynh Assoc Prof Paula Lam

Assoc Prof
Han Chong Toh
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• Better understand the molecular roles of these biomarkers in the carcinogenesis of human HCC.
• Design and build novel diagnostic platforms for human HCC using these novel biomarkers.
• Design and perform animal experimentation to validate novel viral- and drug-mediated therapies for
human HCC.
• Design and generate cancer-specific vaccines for human HCC.

Research Staff:
(Front; left to right)
Amudha DEIVASIGAMANI,
Prof Kam Man HUI,
Dr Jianxiang CHEN,
Sekar KARTHIK,
(Back; left to right)
Shik Nie KONG,
Muthukumar RAJASEKARAN ,
Yu WANG, Hongping XIA
(Absent)
Dr Wan Yee TEO,
Yohana Ayupriyanti
HANDOKO,
Seshachalam VEERABRAHMA
PRATAP

Prof Kam Man HUI,
PhD, FRCPath
Principal Investigator,
Laboratory of Cancer
Genomics,
Division of Cellular &
Molecular Research
cmrhkm@nccs.com.sg
Joint Appointments
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Primary liver cancer is a common cancer worldwide. Hepatocellular carcinoma
(HCC) accounts for between 85% and 90% of primary liver cancers and is the
second-most common cause of cancer mortality. 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 twothirds of these patients, and they have to face a dismal prognosis, with no proven
effective survival-prolonging treatment modality available. This indicates the
necessity of developing new strategies that target tumour diagnosis and therapy.

We employ unbiased genome-wide strategies to survey relevant human HCC
tissues to identify key molecular probes and genes/pathways that are altered
in HCC and to explore how changes in these genes and gene regulation affect
the carcinogenesis of HCC in order to learn how to manipulate these pathways
to combat HCC. Recently, we have systematically gathered molecular evidence
and provided clinical corroboration of these data, discovering 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, to diagnose early stages of HCC, and to
predict treatment outcomes.
Specifically, we aim to:
• Perform functional genomics studies to decipher the molecular
differences between cancerous and normal liver tissues to
identify novel diagnostic and prognostic biomarkers related to
human HCC.

To identify molecular biomarkers that
can help to identify early HCC in patients
with an increased risk of developing
HCC to improve their outcomes

Detection of molecular
heterogeneity in HCC and the
ability to predict early recurrent
HCC disease

Figure 1: Schematic representation of strategies currently being developed in the Laboratory of Cancer Genomics
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Our immune system is a very powerful sophisticated defence system that protects
us against invading pathogens by their ability to recognise foreign antigens.
Cancer immunotherapy harnesses this powerful system to kill cancer cells.
Recent advances have made it possible to intervene and effectively activate the
immune system against cancer antigens and immune regulatory mechanisms,
thus finally seeing clinical benefit against many cancers. Our laboratory has
been focused on the development of strategies to harness anti-cancer immune
responses and translate these into clinical trials. In addition, our laboratory is
also involved in biomarker discovery for early-stage hepatocellular carcinoma
(HCC); studying the HCC tumour microenvironment to identify prognostic
markers and to potentially develop novel immunotherapeutic and other novel
drug therapies for this cancer; and further elucidating HCC carcinogenesis.
Focusing on translational research, our laboratory is also leading a multi-centre
randomised phase III clinical trial to assess if aspirin could be a cost-effective
adjuvant to provide survival benefit for colorectal cancer patients.

Our laboratory mainly focuses on translational research that aims to develop
better immune-based cancer therapies for solid cancers. We have developed
a number of clinical cell-based immunotherapeutic strategies and successfully
conducted a series of clinical trials treating solid tumours such as colorectal
cancer and the Epstein Barr Virus (EBV)-associated cancer, nasopharyngeal
carcinoma (NPC).
These completed studies include the world’s first non-myeloablative blood stem
cell transplantation with or without delayed donor lymphocyte infusion therapy
for 21 refractory Stage IV NPC patients (2002–2007). For the first time, we
were able to show a graft-versus-NPC effect with objective clinical responses in
over one-third of advanced NPC patients and clinical benefit in nearly half of
all patients treated. Following this, we completed two dendritic cell (DC) cancer
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vaccine trials: an allogeneic lysate-pulsed autologous dendritic cell (DC) cancer vaccine (MelCancerVac®,
collaboration with Dandrit Biotech A/S, Denmark; 2005–2006), which achieved a clinical benefit rate of
40% (1 partial response (PR) and 7 stable disease (SD)) among the 20 advanced colorectal cancer patients
(Figure 1), and a first-in-human Ad5f35-LMP1-2 adenoviral vector-transduced DC vaccine (collaboration
with the Center for Cell and Gene Therapy (CAGT), Baylor College of Medicine, Houston, Texas, USA;
2007–2008), which led to disease stabilisation for >18 weeks in two patients (12.5%) and PR in one
patient among the 16 advanced NPC patients treated. More recently, we completed a Phase II clinical
trial of combined gemcitabine and carboplatin (GC) with adoptive EBV-specific T cell therapy in 38 NPC
patients (Figure 2; collaboration with CAGT; 2008–2012). This treatment resulted in a response rate of
71.4%, with 3 complete and 22 partial responses. A compelling 2-year overall survival (OS) rate of 62.9%
and almost 30-month median overall survival rate was achieved. Comprehensive translational research to
further understand the immune system pre- and post-T cell therapy in this completed CTL trial is ongoing. We
established a partnership with a Singaporean biotech company, Tessa Therapeutics, to embark on a multicentre randomised Phase III clinical trial of this combined GC chemotherapy with adoptive EBV-specific T
cell treatment, using six cycles of GC chemotherapy as the control arm. Currently, we are also leading an
ongoing MUC1-CD40L vaccine first-in-human clinical trial with a replication-deficient adenovirus backbone
for patients with breast, ovarian, colorectal, lung and prostate cancers. Translational immunology will also
form an important dimension of this study. Focusing on our aim to develop novel cancer immunotherapy
strategies, we are currently developing protocols to adopt innate immune cells, such as the gamma-delta T
(γδT) cells and the invariant natural killer T (iNKT), as effective platforms for treating solid tumours.

Figure 1: CT scan images of Patient #9 who achieved Partial Response following
MelCancerVac® vaccination (conducted in 2005-2006).
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Figure 2: Scheme of the Phase II (conducted in 2008–2012) and the on-going phase III
(September 2014–ongoing) clinical trial of combined gemcitabine and carboplatin (GC) with
adoptive EBV-specific T cell therapy.

Our laboratory is also involved in biomarker discovery and the analysis of cancer biology and cancer
immunology in relation to hepatocellular carcinoma (HCC), the third leading global cause of cancerrelated deaths. Successful identification of novel biomarkers will further increase the effectiveness of HCC
detection and potentially prognosis, and possibly help to stratify patients for more efficacious treatment. We
have generated a series of sorafenib-resistant HCC cell lines. Understanding sorafenib resistance is crucial
not just to stratify patients for sorafenib but to design treatments that can potentially reverse and overcome
resistance mechanisms. Moreover, understanding the tumour microenvironment and its immune compartments
is critical for shedding light on future drug development. We have carried out various studies to investigate
prognostic markers of HCC, both in the intrinsic tumour (seed) and the surrounding microenvironment (soil).
We have established that serum MCP-1 could be a promising and potentially complementary biomarker with
AFP for improved early HCC detection. Another major thrust in our laboratory is the study of differentiation
and epigenetic pathways, probing further into their mechanistic networks and the role they play in HCC
oncogenesis. We have discovered a previously not described recurrent mutation in HCC and showed its
roles in differentiation and epigenetic regulation; these findings have helped provide scientific rationales for
new drug treatment. We are working closely with local and international pharmaceutical and biotechnology
companies in new drug development, particularly drugs that target the metabolic, epigenetic, and immune
signals and networks.
The laboratory is also leading an ongoing multi-centre randomised Phase III clinical trial of testing whether
aspirin could be used as an adjuvant that provides survival benefit for colorectal cancer patients. Because
aspirin is cheap and readily available, benefits will accrue to both the affluent and indigent alike in developed
and developing countries so that a truly global impact against CRC may be realised. In an era of escalating
cancer treatment costs, aspirin may provide an extremely cost-effective means to reduce mortality from CRC.
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This finding has led to the development of a Phase I study of sorafenib in combination with AZD6244 in
advanced HCC. The results from this study showed that, by RECIST, four (24%) patients had partial response,
seven (41%) had stable disease and four (24%) had progressive disease. The estimated 1-year overall
survival rate was 81%. These results suggest that patient-derived HCC xenografts are an indispensable
asset in drug discovery, especially for targeted and combined therapies. We recently discovered TSC2 loss
in HCC xenograft models and demonstrated its predictive value for everolimus sensitivity. In addition, we
found that a subset of EVOLVE-1 patients with TSC2-null/low tumours benefited from everolimus treatment.
TSC2 loss was also enriched in Asian Hepatitis B virus (HBV)-positive HCC. TSC2 loss is a promising patient
selection biomarker for further developing everolimus and similar agents in HCC.

picture
Figure 1: Schematic showing
how orthotopic models of human
hepatocellular carcinoma (HCC) are
created from primary HCC tumours.
Drug discovery programme in HCC
is shown.

Hepatocellular carcinoma (HCC) is one of the most fatal cancers. Recurrence,
metastasis and the development of new primary tumours are the most common
causes of mortality for patients with HCC. To improve our current therapies and
to identify novel treatment for HCC, our laboratory has successfully developed
45 models of HCC from patient tumour specimens. In these models, intact
human patient HCC fragments were implanted into the livers of immunodeficient
mice. We have successfully used these tumour models as tools to identify new
therapies for patients with HCC. Based on the results obtained from our drug
testing programmes, two novel therapies have been tested in patients with
advanced liver cancer. Tumour shrinkage and stable disease (disease remaining
without much change from pre-treatment) was observed in a number of patients,
indicating realistic benefits for the patients enrolled in these two trials.

HCC is the third largest cause of cancer-related death worldwide. Despite
the obvious clinical efficacy of sorafenib in HCC, many patients demonstrate
refractory to the therapy. To identify effective therapies, we have successfully
developed 45 patient-derived HCC xenografts. This collection of xenografts
has attracted the attention of various global pharmaceutical companies, and
we are collaborating with these companies to test our novel drugs. Figure 1
shows a schematic of our drug discovery programme. Already, our therapeutic
programme has contributed to the development of novel therapies for advanced
HCC. As an example, we have conducted a Phase I study of rapamycin in
combination with bevacizumab in patients with unresectable hepatocellular
carcinoma based on pre-clinical work on tumour vasculature and the mTOR
signalling pathway. Of the 20 evaluable participants, one reached complete
response, two reached partial response, 14 reached stable disease and three
had progressive disease. As another example, using the xenograft models,
we also showed that AZD6244, a potent MEK inhibitor, when combined with
sorafenib, led to higher potency and efficacy compared with sorafenib alone.

picture
Figure 2: National Xenograft
Therapeutics Programmes (NXTP):
Translational
platforms
for
personalised therapy.
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this preferential integration into chromosome 10 is significantly associated with poorly differentiated tumours
(P<0.05), thus leading to poor prognosis. Our laboratory has also clarified the role of HBx in modulating p53
transcriptional regulation by showing the first evidence that HBx globally changes p53 selectivity for its binding
sites by potentiating, relieving, or shifting p53 binding at distinct sites of gene promoters with associated gene
deregulation. These findings provide new insights into host transcriptional deregulation by the viral oncoprotein.
We have also identified miR-224 as highly upregulated in HCC, and believe that it could serve as a potential
biomarker for HCC together with a few other miRNAs. Our laboratory will continue to investigate the role of
inflammation and HBV in HCC as well as identify and characterize potential molecular biomarkers for the early
detection of HCC or treatment response.

Our laboratory focuses on three aspects of liver cancer. First, we seek to
understand how chronic inflammation can lead to cancer in order to facilitate
the development of strategies to intervene with this process. We have identified
a molecule that may play a role in chronic inflammation-associated liver cancer
and are in the process of developing therapies targeting this molecule. We
also want to investigate how the hepatitis B virus (HBV) plays a role in cancer
development. We have found that HBV frequently integrates into chromosome
10 in tumours, and this translates to poor prognosis. The third major research
focus in our laboratory is to identify novel molecular biomarkers that can be
used to help detect liver cancer at an early stage more accurately and/or
predict responses to specific treatments. Novel microRNAs have been identified
by the lab that could potentially serve as biomarkers.

Our laboratory focuses on three main aspects of hepatocellular carcinoma
(HCC) research. The first seeks to elucidate the molecular mechanisms underlying
chronic inflammation-associated HCC. We have identified FAT10 as an
oncogene whose expression can be induced by proinflammatory cytokines, TNF
and IFN, and identified residues within FAT10 that interact with MAD2 to cause
chromosome instability and transformation. We are in the process of developing
strategies that specifically target the oncogenic role of FAT10 without interfering
with its other physiological roles. In the second HCC research programme,
we previously employed next-generation sequencing (NGS) technologies to
characterise HBV in HCC patients as well as elucidate the role of HBX—a protein
within HBV implicated in HCC—in tumorigenesis through the deregulation of host
gene expression either through its interaction with host transcription factors or
epigenetically by modulating host methylation or miRNAs. We found that the HBV
genome preferentially integrates into the host genome via the 3’ end of the HBX
gene where viral replication/transcription is initiated. Notably, in the tumours,
there is preferential HBV integration into chromosome 10 of the host genome, and

Figure 1: Structural Characterisation of the FAT10 oncogene.

Figure 2: Model illustrating p53-mediated
deregulation of p53AIP1 by HBx.
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We are focused on (i) understanding the mechanistic basis of cellular transformation
and resistance to cancer therapy, by investigating the p53/p73 tumour-suppressor
pathway; and (ii) utilising this knowledge to generate novel therapeutic strategies.
The major disease focus in the laboratory is liver cancer (hepatocellular carcinoma;
HCC) and liver fibrosis.
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The p53/p73 pathway
Recent, massive, whole-genome sequencing efforts have confirmed that p53 is the most mutated gene across
all cancer types. Mutations in p53 not only lead to loss of the tumour suppressor functions of the protein but
also to a gain in novel functions that drive metastasis and dominant-negative functions that result in abrogation
of the activity of the remaining wild-type allele. Hence, mutant p53 would seem to be an ideal target for
therapeutic intervention. However, because it is a transcription factor, it has been completely overlooked by
most drug-development endeavours. Over the years, we have performed systematic analyses to understand
the functions of mutant p53, and have demonstrated that even similar p53 mutants may have both common
and differing properties; this indicates that any targeting efforts should be aimed at generating “specificmutant-p53”-targeting molecules. We have thus embarked on a programme to identify such molecules, and
have obtained initial positive hits that target only some but not all of the known p53 mutants, without having
any effect on wild-type p53. These molecules are currently being characterised, and may have tremendous
therapeutic potential in future.
p73 is a homologue of p53 and belongs to the same family of tumour suppressors. However, unlike p53, p73
is rarely mutated but often over-expressed in cancer; this suggests that p73 may have other roles besides tumour
suppression. Our work over the years has focused on understanding this property, and we earlier showed that
p73 is capable of driving cellular proliferation in specific contexts. Recently, we have demonstrated that p73
is capable of inducing the expression of angiogeneic genes, especially in the hypoxic conditions that are
prevalent in tumours. Thus, p73 appears to be utilising multiple mechanisms to promote cancer cell growth. This
implies that these tumour-promoting pathways may be targetable for improving therapeutic response. We have
therefore embarked upon identifying key molecular determinants of the p73 pathway, with the eventual goal
of inhibiting them to reduce angiogenesis and proliferation of cancer cells.

HCC and Liver fibrosis
Our strategy employs state-of-the-art, genetically modified mouse models that
mimic human HCC and fibrosis so that novel biomarkers can be identified for
the early detection of fibrosis and HCC prior to their manifestation. In addition,
molecular interrogation of these models will allow the identification of potential
targets for timely intervention. In this regard, we have previously reported the
generation of mouse models that recapitulate human HCC, both molecularly
and histologically. Using these, we have identified a metabolite, carnitine, as a
biomarker that is only present in HCC-bearing mice. The presence of carnitine
has been confirmed in a pilot study using human patient samples. We are on
course to validate this biomarker in larger cohorts.
In addition, we have now established a model of liver fibrosis in mice. Carbontetrachloride was used to induce liver fibrosis, which regressed upon the
withdrawal of treatment (Figure 1, Top: Sirius stain; Lower left: quantification
of fibrosis). Molecular analysis confirmed the fibrotic phenotype, with col1a1
expression upregulated upon treatment and down-regulated upon regression
(Figure 1, Lower right). These models are currently being utilized to understand
the molecular determinants of fibrosis in the various cell-types of the liver in mice
(please see figure in Mouse Models section).

Figure 1: The progression and
regression of hepatic fibrosis
in mice. (A) Sirius red stain is
indicative of the extent of fibrosis.,
which has been quantified. (B)
Expression level of col1a1 in these
livers are shown.
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• Genetic diversity and therapeutic targets in hepatocellular carcinoma (HCC)
A pre-requisite for precision cancer therapy is an accurate view of the genomic landscape. Previous efforts to
characterise the genomic heterogeneity of HCC have, however, been based on single tumour samples involving
sequencing of candidate genes or exomes. Single biopsies do not fully recapitulate the genomic landscape
of solid tumours with high intratumoural genetic heterogeneity and thus the true relationship among clonal
dominance, lethal sub-clones, putative therapeutics and clinical outcomes cannot be clearly elucidated. Therefore,
there is compelling need to understand the genomic alterations and diversity that occurs during the process of
hepatocarcinogenesis in order to develop therapies that will target clonally dominant truncal aberrations in HCC.
• NAFLD/NASH, microbiome, gallstones and HCC
The incidence of NAFLD and NASH has increased dramatically globally. In Singapore, clinical research carried
out by the Programme has shown that more than 50% of patients with gallstone disease have radiologically
detectable NAFLD/NASH. NAFLD/NASH has significant metabolic impact, and NASH in particular has
become an increasingly important cause of HCC and liver failure. There is also mounting evidence to support a
causal relationship between the human microbiome and NAFLD/NASH and gallstone disease.
Current research projects and clinical trials:
• Phase III multi-centre open-label randomised controlled trial of selective internal radiation therapy (SIRT) versus
Sorafenib in locally advanced HCC.

Translational and Clinical Liver Research is a multi-disciplinary and multi-institutional
programme helped by surgeon-scientist Prof Pierce Chow and comprises a
dynamic team of translational and clinical researchers. The Programme focuses
on translational research and clinical trials in HCC and NAFLD/NASH, the
genomics of HCC and applications to precision medicine, and brachytherapy and
immunotherapy of hepato-pancreato-biliary cancers.

• Genetic heterogeneity of HCC and its implication in drug treatment.
• Correlating Hepatitis B Virus (HBV) genotypes with clinical parameters and outcomes in HBV-related HCC.
• Artificial liver platform for next-generation drug discovery and development.
• A pilot study exploring the feasibility of using circulating tumour cells and free DNA for genomic stratification of
patients with HCC for personalised medicine.
• An exploratory study on the microbiome and metabolomic profiles of patients with various clinical stages of HCC.

Clinical Potential of Research
Novel therapies: Ongoing translational research with Industry (below) and
the Faculties of Engineering in NUS and NTU will potentially proceed to early,
first-in-human trials of novel therapeutics. The current Phase III multi-centre trial,
conducted through the Asia-Pacific Hepatocellular Carcinoma Trials Group,
will change clinical practice at its conclusion.

• Treatment of HCC with intratumoural injection of the Y-90 polymer gel.
• A pilot study exploring high fat versus high sugar diets in the development of NAFLD in mice.

Precision medicine: Current translational research with the Genome Institute
of Singapore and industry will identify new therapeutic targets that will provide
insight for drug development.
NAFLD/NASH, microbiome and gallstone disease: The natural history of
non-alcoholic fatty liver disease (NAFLD) and its progression to non-alcoholic
steatohepatitis (NASH) are still unknown, as are the relationships among the
microbiome, gallstones, NAFLD and cancer. Current translational and clinical
research will pave the way for large, longitudinal studies that will unravel these
questions and have an impact on clinical medicine.
The Programme focuses on achieving the following three inter-linked objectives:
• Development and evaluation of novel therapies
To accomplish this aim, the programme works closely with industry and conducts
in vitro and in vivo proof-of-principle experimental oncological studies, especially
in brachytherapy and molecular targeted therapies, which can proceed rapidly to
first-in-human studies.
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Huang, A. FGFR-mediated reactivation of MAPK signaling
attenuates antitumor effects of imatinib in gastrointestinal
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SIGNATURE PROGRAMME:

Lymphoma

By Soon Thye Lim and Choon Kiat Ong
The NCCS lymphoma research group is a multi-disciplinary team headed by Assoc Prof Soon Thye Lim
(Head of Division of Medical Oncology and Principal Investigator of Translational and Clinical Research
Programme in Lymphoma), Dr Choon Kiat Ong (Junior Principal Investigator of Lymphoma Genomic
Translational Research Laboratory) and Assoc Prof Soo Yong Tan (Director of SingHealth Tissue Repository).
The team is involved in unravelling new genomic and pathological insights in lymphoma-genesis and
translating them into meaningful, novel treatment approaches for our patients through their participation in
clinical trials.

Lymphomas are malignancies that originate in the
lymphatic system and can be classified into two
categories: Hodgkin’s (HL) and Non-Hodgkin’s
(NHL) lymphoma. NHL can be divided into B-cell,
T-cell and NK/T-cell NHLs. In Singapore, these
categories are currently amongst the top ten cancers
for both sexes. The age-adjusted rate of lymphoma
(15.6 per 100,000) exceeds that of stomach
cancer (12.8 per 100,000) and nasopharyngeal
cancers (9.5 per 100,000), and is comparable to
that of hepatocellular carcinoma (HCC) (17 per
100,000). There has been a considerable national
emphasis on cancer, particularly for HCC and
gastric cancers; yet there have been no concerted
efforts to meet the rising rates of lymphoma, an
Asian-centric disease.
Epidemiological and molecular studies have yielded
interesting observations, directing the current
research and collaborations for this research group.
Key observations have included the significantly
higher incidence of lymphomas of the T and NK
lineages in Asia and Singapore as compared with
those rates in Western countries. Both genetic and
environmental factors, particularly infections, are
likely to be implicated. For instance, NK/T-cell NHL
is almost always associated with Epstein Barr Virus
(EBV) infection, which is endemic in Asia. Several
subsets of T-cell NHL, such as angioimmunoblastic
lymphoma (AITL), are frequently associated with
EBV infection. It is plausible that chronic stimulation
by EBV infection and other unidentified microbes
might be implicated in the pathogenesis of some
cases of T- and NK/T- cell NHLs. These lymphomas

carry a poor prognosis. Consistent with international
reports, the 3-year overall survival rates for patients
with T- and NK/T-cell NHL were only 47.5% and
29.5%. Comparatively, the 5-year overall survival
rate for patients with diffuse large B cell lymphoma
(DLBCL) exceeds 65%. Several reasons account for
the poor outcomes in patients with T- and NK/Tcell NHL. For one, these diseases represent a
heterogeneous group that are presently receiving
first-line treatment with CHOP/CHOP-like regimens
(cyclophosphamide, hydroxydaunorubicin, oncovin
and prednisolone). Most physicians who specialise
in the care of lymphoma patients recognise that the
results of these CHOP/CHOP-like regimens are far
from optimal for T-cell and NK/T-cell NHL, and new
treatment agents are needed. The National Cancer
Comprehensive Network (NCCN) recommends
that all patients enroll in a clinical trial in both
the first-line as well as in the relapsed setting; this
recommendation accentuates the urgent need for
new paradigms for the treatment of these diseases.
However, it is challenging to recruit patients with Tand NK/T-cell NHL into well-designed clinical trials.
Little is known about the molecular epidemiology
or pathogenesis of the disease and, thus, there is a
paucity of diagnostic and treatment targets for these
patients. The latest World Health Organisation
(WHO) classification of Haematopoietic and
Lymphoid Disease recognises at least 15 to 20
subtypes. With the current immunophenotypic and
molecular markers, up to 50% of peripheral T-cell
lymphoma (PTCL) cases cannot be adequately
classified and are categorised as peripheral T-cell
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lymphoma-not otherwise specified (PTCL-NOS). In
contrast to other categories of B-cell lymphoma and
haematological malignancies—in which cytogenetic
analyses are very useful for identifying recurrent
translocations and elucidating their pathogenesis
and prognosis—very few recurrent genetic alterations
have been described as T- or NK/T-cell NHL. The
challenges of making an accurate diagnosis and
the lack of reproducibility among pathologists has
made it difficult to match patients with appropriate
and targeted treatments or enrolment into suitable
clinical trials.
A better understanding of the pathogenesis and
biology of these tumours is needed for progress
in the diagnosis, prognostication and therapeutic
intervention of patients with PTCL and NKTL. Highthroughput genomics studies in T- and NK/T-cell
NHL offer a unique opportunity to better understand
the molecular pathogenesis of these cases, including
the identification of novel translocations. The team
employs these strategies to further our research and
to establish new paradigms. The following are some
examples of the recent achievements and discoveries
from the NCCS lymphoma research group:
• The group have been accepted as a member of the
International Cancer Genomic Consortium (ICGC),
representing Singapore in leading genomics
research of T- and NK/T-cell lymphoma (https://
icgc.org). The whole-genome sequencing effort in
this international initiative will reveal the genomic
complexity of various sub-groups of this highly
variable disease. Unravelling the genomic and
molecular basis of pathogenesis might lead to novel
diagnoses, prognoses and treatment strategies.
• Together with colleagues from the Cancer Science
Institute and Genome Institute of Singapore, the
NCCS lymphoma research group have been
awarded the TCR flagship grant ($9 million)
from the National Medical Research Council
(NMRC) to battle this disease using advanced
technologies, including high-throughput drug
screening, sequencing, and gene expression
profiling. The main aim of this research is to
understand the disease and find a cure to improve
patient outcomes.
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• Gene expression profiling and sequencing has
identified that a subset of patients with PTCLNOS, also called F-PTCL, have a biologically
similar profile to that seen in patients with AITL.
These patients may also share similar recurrent
translocations. These findings indicate the need
to refine and review the molecular basis for our
existing WHO classification.
• The group used whole-exome sequencing followed
by validation with both Sanger sequencing and
high-resolution melt analysis to identify JAK3
(Janus Kinase 3 gene) activating mutations in
35.4% (23/65) of NK/T-cell NHL. Importantly,
treatment of NK/T-cell NHL cell lines with a
novel pan-JAK inhibitor, CP-690550 (Tofacitinib),
resulted in a dose-dependent reduction in
phosphorylated STAT5, decreased cell viability
and increased apoptosis. The results indicated
that JAK3 might be a potential therapeutic
target for this otherwise fatal disease. All of the
genes involved in the JAK/STAT pathway have
been profiled and novel drugs that specifically
target important signalling molecules involved in
activating this pathway are being tested.
• The group has published two key papers on
Epitheliotrophic Intestinal T-Cell Lymphoma (EITL),
previously referred to as type II enteropathyassociated T-cell lymphoma (Type II EATL) (2008
WHO classification), so named for its association
with classical EATL. This terminology was regarded
as somewhat of a misnomer as, in contrast to
classical EATL, type II EATL is not associated with
coeliac disease, which is exceedingly rare in
Asia. In 2010, the group reported that expression
of a novel marker—Megakaryocyte Associated
Tyrosine Kinase (MATK)—that could accurately
distinguish EITL from other subsets of T-cell
lymphoma in the intestine. The group now seeks
to use functional studies to unravel a mechanism
for MATK in order to identify new diagnostic and
treatment targets. The group has also established
cell lines and xenografts from local patients to
facilitate these molecular studies.

Lymphoma
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The NCCS lymphoma research group comprises
a national and international team of basic
scientists and clinicians with expertise in molecular
epidemiology,
next-generation
sequencing,
molecular pathology, bioinformatics and clinical
trials. Importantly, the proposed studies leverage
on our existing collaborations with the Singapore
Lymphoma Study Group (comprising clinicians,
pathologists, epidemiologists and scientists from
all institutes across Singapore: National Cancer
Centre Singapore, National University Hospital
System, Cancer Science Institute, Singapore
General Hospital, Duke-NUS, Genome Institute
of Singapore, and Tan Tock Seng Hospital), the
Asian Lymphoma Study Group (comprising
centres from Hong Kong, Korea, Taiwan, China,
Malaysia, Indonesia and Thailand) and the
work of international collaborators from the
USA (the National Institute of Health, University
of Nebraska and Genomic Medicine Institute,
Cleveland Clinic). The research also complements a
nationwide genomic profiling programme POLARIS
(Personalised OMIC Lattice for Advanced Research
and Improving Stratification), with the aim to
administer the right therapies to the right patients at
the right time. The goal is to establish collaborations
and synergy across all levels in Singapore so as to
maximise resources and increase the likelihood of
significant success in realising Singapore’s goals as
a biomedical hub.
The team’s overarching aim is to address pressing
clinical challenges faced by clinicians worldwide
in treating T- and NK/T-cell NHL. This will be
achieved through:
• Performing integrated genomic profiling to identify
driving mutations/translocations, pathogens, and
genetic susceptibility in T- and NK/T-cell NHL.
• Identifying novel diagnostic, prognostic and
therapeutic targets of T- and NK/T-cell NHL
through functional studies driven by genomic
discoveries.
• Developing a basis for a rational, targeted
molecular therapy in T- and NK/T-cell NHL.

Dr Choon Kiat Ong has recently been appointed
as the Junior Principal Investigator of Lymphoma
Genomic Translational Research Laboratory. Dr
Ong obtained his BSc (Hon) in 2000 and PhD in
2006 from the National University of Singapore.
He has led genomic research in various cancers
prevalent in Asia including cholangiocarcinoma
and fibroepithelial tumours of the breast. He has
published in international peer-reviewed journals,
such as the Nature Genetics, Nature and Cancer
Discovery. Dr Ong’s current main focus is lymphoid
malignancies, with a particular interest in T-cell and
NK/T-cell lymphomas. His main interest is to translate
technologies in cancer research to patient care.
Dr Maarja-Liisa Nairismägi is a Research Fellow
in the Lymphoma Genomic Translational Research
Laboratory. She obtained her PhD in Molecular
Biology in 2011 from Aarhus University, Denmark.
With a strong background in cell biology and cancer
genetics, her aim is to molecularly profile T-cell and
NK/T-cell lymphomas and to translate the findings
into clinical care.
Assoc Prof Soon Thye Lim is the Head of Medical
Oncology at the NCCS. He is also an Associate
Professor at the Duke-NUS Graduate Medical
School, Singapore, and the current Chairman of
the Chapter of Medical Oncologists, Academy
of Medicine, Singapore. He also served as the
President of the Singapore Society of Oncology
from 2006 to 2010. Assoc Prof Lim’s main focus is
lymphoid malignancies, with a particular interest in
T-cell and NK/T-cell lymphomas. He has published
more than 80 peer-reviewed papers in major
international journals.
Assoc Prof Soo Yong Tan is a Senior Consultant
and Clinician Investigator in the Department
of Pathology, Singapore General Hospital. He
holds multiple concurrent appointments as Senior
Consultant to the Ministry of Health Singapore,
Visiting consultant to the National Skin Centre
and National Cancer Centre Singapore, Head of
the Advanced Molecular Pathology Laboratory
(AMPL), Director of the SingHealth Tissue Repository
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and Senior Principal Investigator at the Institute of
Cell and Molecular Biology (IMCB). An educator
at heart, he is also Chief Examiner in Pathology,
Chairman of the Residency Advisory Committee
for Pathology, Visiting Professor to University of
Malaya, Guangdong General Hospital and the
Guandong Academy of Medical Sciences, China.
For his work on the pathology of Type II EATL, he
has been elected as a member of the International
Lymphoma Study Group (ILSG) and a member
of the team responsible for updating the WHO
Classification of haematolymphoid neoplasms.

Dr Kheng Wei Yeoh is a Senior Consultant in
Radiation Oncology, and has an interest in treating
haematological malignancies. He has a background
in molecular biology, chemotherapy, radiotherapy
and public health. His research interests include
investigating the clinical utility of chemotherapy,
biological agents and radiotherapy in the modern
management of lymphomas. He also has an interest
in the epidemiology of cancers prevalent in Asia.

Dr Miriam Tao is a Senior Consultant and the Head
of the Stem Cell Transplant Unit in the Department
of Medical Oncology. Her research interests focus
on improving outcomes for patients who undergo
autologous stem cell transplantation.
Dr Tiffany Tang is a Consultant and has a keen
research interest in novel molecularly targeted
therapies for patients with T-cell and NK/T-cell
lymphomas. Her aim is to develop rationally
designed clinical trials and collaborate with industry
partners to provide patients with seamless access to
therapeutic medical research.

RESEARCHERS
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Fibroepithelial tumours of the breast – We have collaborated very closely with breast pathologists
and surgeons to establish a research programme on fibroepithelial tumours of the breast. Recently, we
have discovered novel, frequent MED12 mutations in fibroadenoma, which occurs in 10% of women (Lim
et al., 2014). We have since mapped out the genetic progression of breast fibroepithelial tumours from
fibroadenoma to malignant phyllodes tumours; these discoveries have paved the way for diagnostic testing,
which is currently under further development. A number of phyllodes tumour cell lines have also been
successfully established, which can be manipulated for further functional studies, especially in studying the
roles of the newly identified mutated genes, such as MED12.
Urological Cancer – A urological cancer research programme was established to study renal and
urothelial cancer. Several chromatin enzymes were found to be mutated in clear cell renal cell carcinoma
(ccRCC) (Dalgiesh et al., 2010; Varela et al., 2011) and, currently, we are studying the functional role
of PBRM1 in ccRCC tumorigenesis. More recently, we identified the molecular fingerprint or signature of
a herbal carcinogen, Aristolochic Acid (AA), which is known to be associated with upper urinary tract
urothelial cancer (UTUC) and bladder cancer (Figure 1) (Poon et al., 2013, 2015). This discovery not
only enhances our understanding of the molecular mechanism of this carcinogen but the fingerprint also
allows us to decipher the involvement of this carcinogen in other cancer types, such as liver cancer. We are
currently studying the role of a frequently mutated gene, KDM6A or UTX, a histone (H3K27) demethylase,
in tumorigenesis of urothelial cancer and exploring ways to target it therapeutically.

We have characterised the genomic landscapes of several tumour types
that are more prevalent in the Asian population, such as upper urinary tract
urothelial cancer in Taiwan, cholangiocarcinoma in the north-east of Thailand,
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
and methylation profiling, we are now characterising the epigenomic profiles
associated with these mutations. We also have established and profiled tumour
cell lines from patients as tools for mechanistic studies to study the functional
roles of these mutations and their potential as therapeutic targets. We also
work closely with clinicians, including oncologists, surgeons and pathologists,
to understand the clinical implications of our findings, particularly how the
mutations in these genes are correlated with various clinical-pathological
parameters (tumour grade, stage, survival, and drug response). Finally, we
collaborate with pharmaceutical and biotechnology companies to work on
novel epigenetic therapeutic targets. Below are some of the research highlights
on these cancer types:
Biliary Tract Cancer - This research programme explores genomic profiling of
cholangiocarcinoma, a type of cancer that is endemic in the northeast of Thailand
due to liver-fluke infection. The findings from this work led to the first genomic
landscape paper of cholangiocarcinoma (Ong et al., 2012). A subsequent
comparison study with non-liver fluke-related cholangiocarcinoma revealed
a different mutational spectrum and frequency, highlighting how discrete
etiological factors contribute to tumorigenesis of the same tumour type through
distinct pathogenetic pathways (Chan-on et al., 2013). These studies, which
involve multinational collaborations, have led to the first Biliary Tract Cancer
genome programme under the International Cancer Genome Consortium
(https://icgc.org). To date, more than 50 pairs of cholangiocarcinoma whole
genomes have been completed, and integrated genomics/epigenomics
analyses are ongoing.
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Figure 1: Mutation spectra of Aristolochic Acid (AA)-bladder cancers
and AA-upper urinary tract urothelial cancers (UTUCs).
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SIGNATURE PROGRAMME:

Lung and Head & Neck Cancers
By N Gopalakrishna Iyer and Darren Wan Teck Lim
The lung and head and neck cancer research programme encompasses a wide array of activities that focus
on various aspects of the disease processes studied herein. These range from a public health/public policy
approach for eradicating tobacco use to novel imaging techniques and first-in-human clinical trials. The
disease processes, though diverse, are united by a multi-disciplinary team, with significant cross-interest in
the disease processes and research methodologies.

Lung cancer is the second-most common cancer in
Singapore. Although it has been traditionally linked
with tobacco abuse, unique to Asia is the oncogenedependent adenocarcinoma, which tends to occur in
non-smokers and can be targeted for response using
small-molecule inhibitors against the epidermal growth
factor receptor (EGFR) tyrosine kinase, anaplastic
lymphoma kinase (ALK), or reactive oxygen species
1 (ROS1) kinase. This clinical phenotype lends itself
to specific genetic and cellular contexts that excite
new research and clinical trials. Sustaining this
research involves the maintenance of disease-specific
databases; the identification of clinical, pathological
and molecular prognostic factors; analyses of patientderived samples using state-of-the art technologies;
and the establishment of appropriate patient-derived
models and clinical trials. The latter ranges from firstin-human studies of novel compounds, which can be
conducted within the centre, to being the leaders in
conducting Phase III, multi-centre, international trials.
The lung cancer programme collaborates closely
on specific projects with the Genome Institute of
Singapore (GIS) (Dr Axel Hillmer and Dr Wai Leong
Tam) and Duke-NUS (Dr Patrick Tan; genomics of
lung cancer). Furthermore, it is envisaged that our
participation in the POLARIS programme will help in
the generation of personalised medicine initiatives.
Within the NCCS itself, the focus has been on
translating research of EGFR sensitivity: defining the
clinical phenotype of cancer through GWAS profiling,
determining prognostic factors following treatment
with specific inhibitors, dissecting mechanisms of
resistance and pathways that can be employed to
overcome them, and executing trials that test for the
true power of ‘molecularly directed therapy’.

Head and neck squamous cell carcinomas
(HNSCCs), which encompass oral, oropharyngeal,
hypopharyngeal and laryngeal cancers, are also
common in our local context and are associated
with risk factors such as smoking, alcohol, and
human papillomavirus (HPV) infection. The
effective management of HNSCC demands a
multidisciplinary approach involving surgery,
radiation and chemotherapy. Whereas emerging
data suggest that individualised, targeted
therapy can further improve patient outcome in
the appropriate genetic and cellular context, the
rational re-allocation of conventional treatment
modalities can also be important. The latter requires
appropriate stratification of patients into disease
and prognostic risk groups in conjunction with a
multidisciplinary approach that requires maintaining
an annotated database of tissue samples and the
use of state-of-the art technologies. Other important
areas of focus include novel technologies to
improve diagnostics and tumour imaging, and new
approaches for improved cancer screening for the
assessment of post-surgical reconstruction outcomes
and cancer prevention. Collaborations with allied
health professionals are also essential if we are to
obtain good quality data on the various aspects of
functional outcomes post-treatment and in terms of
assessing improvements in patient quality of life.
The third disease in this programme is
nasopharyngeal carcinoma (NPC), which is
endemic to South-east Asia and is the sixth-most
common cancer among males in Singapore.
Advances in radiation and chemotherapy have
significantly improved the prognosis for patients
with NPC. Nonetheless, NPC poses a range of
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problems that need to be addressed. First, many
patients succumb to the disease as a result of
metastatic disease. Therefore, there is a need to
identify factors that predict metastasis and conduct
trials that address the role of chemotherapy in
controlling systemic disease at an early stage.
Second, apart from its association with the Epstein
Barr Virus, there are no common genetic pathways
of carcinogenesis identified to date. Hence, new
strategies are required to identify tumour-associated
genes involved in NPC carcinogenesis for potential
therapeutic intervention. Third, patients who survive
the disease have a high propensity for recurrence
and development of a second primary cancer.
With higher success rates in treating the primary
disease, the incidence of the latter is increasing,
and there is thus an urgent need to determine the
genetic basis of second primary cancer, identify
risk factors to predict secondary carcinogenesis,
introduce preventive measures, and identify targets
for subsequent intervention.
Given the clinical and research needs for all three
disease groups, the overall aims of the teams are to:
• Use high-throughput technologies to appropriately
profile tumours within specific clinical and
molecular contexts.
• Optimise and apply novel diagnostic and
therapeutic strategies using cutting-edge
biophotonics and imaging technologies.
• Identify novel prognostic biomarkers and
therapeutic targets for lung and head and neck
cancers in the context of conventional and
molecularly targeted therapeutics.
• Develop a basis for the rational application for
conventional and molecular therapy in lung and
head and neck cancers.
• Translate these insights into appropriate level
clinical trials, integrating designs for biomarker
and response studies.
Clinical Research
Given that lung and head and neck cancer
management requires surgery, radiation therapy
and chemotherapy, other important areas of
focus for this team include the development and
use of novel technologies to improve diagnostics
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and tumour imaging; new approaches for cancer
screening, prevention and the assessment of
post-surgical reconstruction outcomes; and key
collaborative efforts between scientists and
clinicians focusing on an array of topics to influence
patient treatment outcomes.
Prof Khee Chee Soo is the Director of the NCCS,
and is actively involved in clinical and translational
research across a range of different projects. He
currently leads the only multi-centre, Phase III clinical
trial in Asia, involving 11 countries and 22 centres.
This trial, the first of its kind, is examining the role of
EGFR-blockade in high-risk patients with head and
neck squamous cell carcinoma, and aims to recruit
over 700 patients. Most importantly, this trial aims
to establish a new Asia-centric oncology research
group that can potentially run future Phase III trials in
head and neck oncology. This trial has been active
and has currently accrued over 250 patients.
Assoc Prof Gopal Iyer and Dr Hiang Khoon Tan
lead the Head and Neck Research Programme in
the Division of Surgical Oncology. Their clinical
research includes the establishment of a head
and neck cancer databases for surgical patients,
which incorporates a spectrum of head and neck
malignancies; retrospective analyses of outcomes
and factors predictive of outcomes in our patients
with head and neck cancer; and clinical trials for
surgical techniques. The team is currently completing
one Phase III, randomised controlled trial examining
the role of novel technologies in thyroid surgery.
They are also involved in the development and
advancement of state-of-the-art surgical techniques,
such as robotic surgery, for thyroid, oropharyngeal
and nasopharyngeal cancers.
Assoc Prof Joseph Wee, the Chairman of the
Medical Board, NCCS, leads the clinical research
programme for nasopharyngeal carcinoma (NPC).
As part of this programme, he has just published a
Phase III randomised trial exploring the effectiveness
of neo-adjuvant chemotherapy for advanced NPC.
This is his second major Phase III trial studying the
effect of treatment strategies for NPC. Aside from
his clinical research, he is also heavily involved in
several studies that examine the epidemiology of
NPC and endemic NPC populations.
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Dr Ngian Chye Tan is a Head and Neck
reconstructive surgeon, with a main research
focus on the development of novel approaches in
head and neck reconstruction, the management of
complex wound care, and an analysis of quality of
life in patients after major head and neck surgery.
He is also investigating the development and
application of novel technologies in head and neck
surgery. He currently holds two national grants to
develop, prototype and commercialise specific
types of devices for head and neck surgery.
Dr Mei Kim Ang is a head and neck medical
oncologist with a specific interest in HPV-driven
oropharyngeal carcinoma, an emerging subtype of
squamous cell carcinoma (SCC) that is sensitive to
chemotherapy and radiation. Her research aims to
define biomarkers for the prognosis and response
of patients with such tumours.
Assoc Prof Eng Huat Tan is the Director of
Clinical Trials and Epidemiology Unit and the
lead investigator for the Lung Cancer Translational
Clinical Research Programme, a large-scale effort
involving several investigators at the Outram
campus (in the NCCS, SGH and Duke-NUS) as
well as those at Tan Tock Seng Hospital, Changi
General Hospital, the National University Health
System (NUHS) and the GIS. The programme
aims to elucidate the role of stem cells and drug
resistance in lung cancer, with a view to incorporate
biomarker-driven approaches into the clinical trials
of novel therapeutics.
Assoc Prof Darren Wan Teck Lim is working on
circulating biomarkers to improve our understanding
of tumour biology and treatment selection for
patients. He collaborates closely with investigators
from the NUS Mechanobiology Centre on novel
microfluidics for circulating tumour cell (CTC) capture
and investigators from the Institute of Molecular and
Cell Biology (IMCB) on circulating exosomes.
Dr Daniel Shao Weng Tan is focused on
Individualised Molecular Profiling for Allocation to
Clinical Therapeutics (IMPACT). He is working with
several pharmaceutical and biomarker analytical
companies to bring individualised medicine and
clinical therapeutics to patients. He is also the
clinical leader for lung cancer for the POLARIS

(Personalised OMIC Lattice for Advanced Research
and Improving Stratification) programme. This is an
ambitious, real-time, parallel analyses approach,
with an aim to impact treatment decisions, and is
a major collaboration between investigators at the
Outram campus and the GIS.
Translational Research
Apart from clinical research, Assoc Prof Gopal Iyer
and Dr Daniel Tan co-lead the Cancer Therapeutics
Research Laboratory, which aims to integrate clinical
outcomes and therapeutic response data with stateof-the-art approaches in molecular biology and
genomics, to understand drug response pathways
and biomarkers that are predictive of responses.
Prof Khee Chee Soo, together with Dr Patricia
Thong, run the Tan Chin Tuan Laboratory of Optical
Imaging and Photodynamic Therapy of Cancer,
with a principal focus on using various properties of
light and fluorescence technology in diagnostics of
mucosal malignancies, and harnessing the potential
of photodynamic therapy as an adjunct to the
conventional treatment of these cancers.
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Young Investigator
Dr Amit Jain is an
Associate
Consultant
with Medical Oncology
and has a specific
interest in lung cancer.
He is embarking on a
postgraduate research
degree at the NUS to
study unique methods
to activate, expand and
modify Natural Killer (NK) cells to increase their
anti-tumoural capacity. His overall objective is to
develop novel NK cell-based immunotherapies for
the most common subtype of lung cancer, non-small
cell lung cancer (NSCLC). He works under the direct
supervision and mentorship of Prof. D. Campana
and in collaboration with investigators in the NCCS
and in A*STAR.
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In order to execute these projects, the laboratory has a strong interface with a number of key collaborators,
with specific projects:
Translational Pathology Centre (Asst Prof Tony Lim): Tissue microarrays, immunohistochemistry
IMCB-NCC-MPI Singapore Oncogenome Programme, IMCB, A*STAR (Dr Boon Tin Chua): ACK-1
(activated Cdc42-associated tyrosine kinase 1) clinical validation, and preclinical experiments with PI3K
inhibitors in non-small cell lung cancer (NSCLC); functional analyses of epidermal growth factor receptor
(EGFR) signalling

Research Staff:
(Front; left to right)
Hui Sun LEONG,
Dawn Pingxi LAU,
Xue Lin KWANG,
Fui Teen CHONG
(Back; left to right)
Sai Sakktee KRISHNA,
Dr Darren TOH,
Dr Gopal IYER,
Dr Daniel TAN,
Lianghe CHEN,
Dorival Mendes Rodrigues Juni

Genome Institute of Singapore, A*STAR (Dr Axel Hillmer/ Dr Wei Wei Zhai/ Dr Wai Leong Tam): Lung
Cancer Translational Clinical Research programme: “Targeting Stem Cells and Drug Resistance in NSCLC”
Genome Institute of Singapore, A*STAR (Dr Ramanuj Dasgupta): Real time modelling of treatment failure
in advanced oral squamous cell carcinoma and screening for potential therapeutic targets. High-throughput
functional screens of TKI (tyrosine kinase inhibitor)-resistant lung cancer
Specific Projects:

Assoc Prof Gopal Iyer,
MBBS (Hons),
PhD (Cantab),
FRCS (Gen), FAMS
Co-Principal Investigator,
Cancer Therapeutics
Research laboratory,
Division of Medical
Sciences
Senior Consultant,
Division of Surgical
Oncology
gopaliyer@nccs.com.sg
Dr Daniel SW Tan,
B.Sc. (Hons), MBBS,
MRCP (UK)
Co-Principal Investigator,
Cancer Therapeutics
Research laboratory,
Division of Medical
Sciences
Consultant, Division of
Medical Oncology
daniel.tan.s.w@
nccs.com.sg
Joint Appointment of
Dr Daniel Tan
• Fellow, Genome
Institute of Singapore
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The Cancer Therapeutics Research Laboratory is led by Assoc Prof Gopal
Iyer and Dr Daniel Tan, with a primary focus on service-line based questions
in head, neck and thoracic oncology. Both principal investigators are clinicianscientists, with an active clinical practice in the two subspecialties. In the era of
rapidly evolving therapeutic goals and strategies, one of their key objectives is
to synergise laboratory and clinical research efforts to address questions directly
relevant to patient care. Combining expertise in developing representative
preclinical models, e.g., patient-derived cell lines, genetic profiling, biomarker
development as well as access to novel therapeutics, the predominant theme is
to facilitate bidirectional research from bedside to bench. This laboratory also
works closely with the Clinical Pharmacology Lab (NCCS), the Translational
Pathology Centre (SGH), the Experimental Cancer Therapeutics Unit (NCCS),
the Investigational Medicine Unit (SingHealth) and the Genome Institute of
Singapore (GIS).

We focus on head, neck and thoracic malignancies to drive research that
is based on clinic-derived questions and observations. The projects revolve
around the following themes:
• Biomarker development for prognostication and tumour response
to conventional and targeted therapeutics, and for the support of
pharmacodynamic analyses in early phase trials.
• High-throughput genetic profiling through the POLARIS platform and through
collaborations with the Genome Institute of Singapore (GIS).
• Functional studies of observations from the clinic using patient-derived tumour
models, with a focus on specific, actionable questions.

• Genetic determinants of carcinoma of oral tongue in young patients: This clinical syndrome is
increasing in incidence worldwide and there is an urgent need to determine if it is a distinct entity and
which pathways are critical to carcinogenesis in an otherwise ‘low-carcinogenic exposure’ population.
Current microarray data shows distinct pathways are pre-eminent in young versus old patients with tongue
cancer, especially in women. Exome and targeted deep re-sequencing has been completed and analysed
to identify somatic mutations. These have identified a number of novel genetic alterations that will be
functionally validated using patient-derived primary cell culture models (currently 12 lines in culture).
Tissue procurement is on-going to collect more tumour samples for sequencing and for the generation of
cell lines.
• Improving enrichment strategies for adaptive clinical trials using novel targeted compounds:
Early-phase clinical trials of novel, targeted therapeutics increasingly demand rational patient enrichment
strategies, as well as proof-of-mechanism studies that provide insights into drug effect and resistance.
Enrichment strategies include medium-throughput profiling of tumour samples (both retrospective and
prospective), and will provide invaluable information as to the molecular epidemiology of the cancer, so
that combinatorial therapeutic strategies can be developed specific to our patient population. Such efforts
are currently on-going using next-generation sequencing with customised panels.
• Role of EGFR mutations and variants in response and resistance to EGFR-inhibitors: This is a
multi-institutional project based on observations of patient responses to EGFR inhibitors, commonly used in
head, neck and thoracic cancers. There are several aims to this study. First, the study aims to characterise
novel mutations involved in EGFR-inhibitor sensitivity and resistance identified in our patients, specifically
in relation to receptor dimerisation, activation of downstream signalling, as well as effecting apoptosis.
Second, to establish the validity of novel treatment strategies in both NSCLC cell lines as well as in head
and neck squamous cell carcinoma (HNSCC) primary cell line models developed in the laboratory. This
includes, importantly, specific variant III inhibitors; such an approach will provide a unique opportunity to
examine the genetic alterations in the context of the cell-of-origin. Third, to interface with the various trials
involving the use of EGFR inhibitors (including the Phase III head and neck nimotuzumab study; and the
Phase Ib trial of BKM120 and gefitinib in NSCLC), as well as develop novel biomarkers of responders and
non-responders to the drugs.
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• Real-time modelling of tumour progression, metastasis, and chemo/radiosusceptibility of oral
squamous cell carcinomas (OSCC): This project aims to address treatment individualisation in patients
with advanced/high-risk OSCC. The objectives are to derive 2D/3D cell line/micro-tumours and patientderived xenografts and develop ‘accelerated-time’ models for chemo-resistance and distant metastasis
from patients with OSCC. These models will be characterised using molecular profiling and the functional
screening of genes and pathways using a 3D, micro-tumour-based, high-throughput screening platform
to validate the clinical genomics-driven hypotheses with knock-down (RNAi) and over-expression (ORF)
libraries. Because the screens will all be completed in ‘real time’ and while the patient is in remission, if
treatment failure were to occur, these data will also be used to determine a treatment plan for each patients
under the IMPACT study. The experiments proposed will also be used to generate and validate “sequenceinformed” algorithms for key mediators of drug-resistance and tumour metastasis.
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Figure 1: Schematic diagram showing how fluorescence imaging and photodynamic therapy
offers a “see-and-treat” approach to cancer diagnosis and treatment.

Optical techniques offer the prospect for a minimally invasive and non-ionising
approach to cancer diagnosis and treatment. Our laboratory focuses on
developing clinical applications of endoscopy and spectroscopy for cancer
diagnosis and photodynamic therapy (PDT) for cancer treatment. The optical
techniques in development include fluorescence endoscopy and spectroscopy.
Oral cancer lesions exhibit higher fluorescence than normal tissue, thus
providing a basis for diagnostic fluorescence imaging (see Figure 1). We are
also studying the use of Surface Enhanced Raman Spectroscopy to detect oral
cancer biomarkers in saliva for diagnostic purposes. We aim to develop PDT
for clinical use in the treatment of various cancers, including head and neck
cancers. To achieve better treatment outcomes, we are investigating the use of
anti-angiogenic agents in combination with PDT. We are also developing noninvasive spectroscopic techniques to monitor early treatment responses.

Optical Cancer Diagnosis
Fluorescence endoscopy is a promising complementary technique for oral
cancer diagnosis. Compared with white light endoscopy, fluorescence
endoscopy—utilising the photosensitiser, hypericin—yielded higher sensitivity
and specificity (>90%) in a pilot clinical trial. Further studies employed a
photosensitiser that was enveloped within virosomes tagged with anti-EGFR
antibody. These studies showed that such constructs offer an effective drug
delivery system to target oral lesions and thus the potential to use fluorescence
imaging in the diagnosis of oral cancer.

Autofluorescence and diffuse optical spectroscopy offers a promising, drug-free approach for cancer
diagnosis. An analysis of pilot clinical data using principal component analysis showed distinct data clusters
between cancerous versus normal tissues. This approach can potentially be developed into a model for oral
cancer diagnoses. The use of Surface Enhanced Raman Spectroscopy is another promising approach to
detect oral cancer biomarkers in saliva samples for diagnosis.
Photodynamic Therapy of Cancer
PDT is a relatively new approach to cancer treatment that works to eradicate tumors through the interaction
of a photosensitive drug, light and tissue oxygen (Figure 1). Mechanisms of PDT include direct cell killing,
the induction of tumour vasculature damage, and stimulation of the body’s anti-tumoural immunity. A PDTactivated immune response against untreated lesions was documented and reported for the first time in a
patient with multifocal angiosarcoma. We are conducting basic research to optimise PDT parameters before
its use in future clinical trials.
Our previous preclinical in vivo studies showed the upregulation of vascular endothelial growth factor (VEGF)
and epithelial growth factor receptor (EGFR) following PDT. This provided the rationale for the use of PDT
and anti-angiogenesis combination therapy to achieve better tumour control. Results showed that the use of
monoclonal antibodies, bevacizumab and cetuximab, to target VEGF and EGFR, respectively, can improve
the therapeutic efficacy of PDT in bladder tumours. Overexpression of EGFR is associated with aggressive
behaviour, including increased proliferation, metastasis, and therapeutic resistance in oral cancer. In a
recent study, we demonstrated that the combination of nimotuzumab, an EGFR inhibitor, and Chlorin e6 PDT
significantly reduced the expression of EGFR (6%) as compared with control (17.8%), PDT alone (22.6%), or
nimotuzumab alone (15.3%), and can effectively treat oral cancer in an in vivo model (Figure 2).

LUNG and
HEAD & NECK
CANCERS

48

Signature Programme
National Cancer Centre Singapore I HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

Signature Programme
National Cancer Centre Singapore I HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

Figure 2: Representative immunohistochemistry images of EGFR
membrane staining in treated and control tumour sections.
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In order to monitor PDT response and optimise treatment for the best outcome, we have developed a
spectroscopy-based PDT response monitoring system for the non-invasive real-time measurements of tumour
oxygen saturation levels and blood flow. This has been achieved in collaboration with researchers at NTU. The
results show that the response of these haemodynamic parameters following PDT correlate with the treatment
outcome, thus demonstrating the potential of measuring these parameters for PDT response monitoring.
In order to exploit the deeper penetration power of near-infrared (NIR) light, we are collaborating with
NUS to develop a novel NIR-activated PDT technique. The results to date show the potential for NIR-PDT
to be applied for the treatment of thick or deep-seated tumours.
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comprehensive PROGRAMME:

Women’s Cancers

By Ann Lee, Rebecca Dent, John Chia, Fuh Yong Wong and Kong Wee Ong
The 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
patient-derived xenografts, genetics and stem cells to novel diagnostic and therapeutic methods, personalised
therapy, clinical trials and health outcomes.

NCCS Gynaecological Cancer Programme
Mission
The mission of the NCCS Gynaecological Cancer
Programme is to leverage research to improve clinical
outcomes for gynaecology cancer patients in Singapore.
Ovarian Cancer Xenograft Programme
One of the programme’s main efforts is in 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. Over
the past 3 years, 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, a number of strong commercial partnerships with
multinational pharmaceutical companies has been
established over the years, thus allowing Singapore to
participate in early-stage global drug development.
Clinical Trials/Immunotherapy
Our group has recently signed an agreement
with Bayer AG to initiate a Phase II clinical trial of
Regorafenib in multiply recurrent ovarian cancer; this
trial is scheduled to kick-off in July 2015. The study will
incorporate a novel PK biomarker arm that aims to refine
Regorafenib doses in Asian patients. We have also,
this year, opened the Z100 immune adjuvant clinical

trial by Zeria Pharmaceutical for cervical cancer, and
have been fortunate to recruit the first patient outside
of Japan.  Our investigator-initiated Phase I MUC1-CD40L cancer vaccine study, launched in August
2014, has also been recruiting well.
Gynaecology Phase I team
Through POLARIS and the IMPACT programme of
molecular analysis, our group has begun routine
profiling of non-serous ovarian tumours for the
past 2 years. This has enabled us to gain a firsthand appreciation of the molecular and mutational
landscape of these tumors in the clinic. Working with
our DMO Phase I unit, we are currently developing
an early clinical trials programme that is specific to
gynecological tumors. This programme will facilitate
the timely access of patients with gynecological
malignancies into Phase I clinical trials in a manner that
encourages appropriate and early screening as well
as the seamless continuity of clinical care.
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optimising patient selection strategies for HIPEC in
patients 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 (see below).
Quality of Life Study
Our group is undertaking studies on 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 provide a basis for costeffectiveness and health economic analyses.
The NCCS Breast Cancer Programme
Breast cancer is the most common cancer among
women in Singapore, with an incidence of 64.7
per 100,000 person-years in 2001-2014 (Trends in
Cancer Incidence in Singapore 2010-2014, National
Registry of Diseases Office). The incidence has tripled
in the last 3.5 decades and continues to rise. 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.

RTOG membership and Trials
Our group is pleased to announce its recent qualification
as an RTOG (Radiation Therapy Oncology Group)
recruiting site, and the initiation in April 2015 of the
RTOG 1203 protocol: A Randomised Phase III Study of
Standard versus IMRT Pelvic Radiation for Post-operative
Treatment of Endometrial and Cervical Cancer.

The Breast Cancer Programme is made up of 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.

HIPEC (Hyperthermic Intraperitoneal Chemotherapy)
Ovarian cancer is a peritoneal-based disease, and
our group with Assoc Prof Melissa Teo has to date
recruited more than 60 gynecological patients on
HIPEC and intra-peritoneal chemotherapy protocols.
Our group remains committed to developing new
and relevant protocols for gynecological cancers and

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 extending
from screening/diagnostics to prevention, treatment and
care of long-term cancer survivors. We offer patients a
wide variety of clinical trials encompassing a spectrum
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that can provide the latest advancements in clinical care
and treatment/prevention of breast cancer. 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)
co-ordinating with industry-run international clinical
trials that span Phases I–III.
Breast Preoperative Programme
This multidisciplinary programme for patients receiving
preoperative systemic therapy is led by one of our
advanced practice nurses. This programme was
launched in October 2014 and has a planned official
launch scheduled for October 2015. Thus far, the
programme has been thriving, with over 5-7 patients
referred per month and very positive feedback from
the patients. Patients are monitored closely and many
are recruited to both the clinical trial and translational
research programme. Future plans include a recently
submitted research proposal to interrogate these
tumours with a multilevel “-omics” approach, as well as
immunophenotyping, with support from our colleagues
at the Singapore Immunology Network (SIgN) and
Genome Institute of Singapore (GIS).
Young Women’s Programme
Recent data suggest that the proportion of women
diagnosed with breast cancer under 40 years of age
is increasing, most notably in Asia. To address the
unique needs of our young women diagnosed with
breast cancer, we have identified collaborators from
Obstetrics and Gynaecology, Hereditary Genetics,
and Psychological Medicine, as well as colleagues
from the Department of Social Work. Our current plans
include training of junior colleagues overseas in centres
with established programmes for young women with
breast cancer (i.e., Dana Farber Cancer Institute).
Breast Phase I Programme
Through POLARIS and the IMPACT programme of
molecular analysis, our group has begun profiling
metastatic breast tumors. This programme has facilitated
a timely access to Phase I clinical trials for patients
with breast cancer. In addition, our trainees are now
encouraged to rotate through the Phase I programme
to gain the necessary skills required to develop a
breast- and gynecology-specific Phase I programme.
Clinical Trials Breast Programme

women’s
cancers
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Our team has 15 to 20 active trials for breast cancer,
both investigator-initiated and industry-sponsored
Phase II–III trials. 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 as
well as leading upcoming new international trials.
Our Breast Surgical Oncology Team
Our team of surgeons, Drs Wei Sean Yong, Preetha
Madhukumar, Kong Wee Ong, Benita Tan and
Veronique Tan, has wide-ranging interests in both
clinical and transnational breast cancer research. In
terms of clinical research, we are conducting a Phase II
trial on use of INTRABEAM intra-operative radiotherapy
in ductal carcinoma in-situ. We are also exploring the
predictive value of sentinel lymph node stations and
the role of sentinel node biopsy in pre-invasive cancer;
microinvasive cancer in the neoadjuvant setting;
surgical and survival outcomes for young and elderly
patients; and outcomes for patients with pregnancyassociated breast cancer. In addition, we are studying
patients with bilateral breast cancer (synchronous and
metachronous), invasive lobular carcinoma, breast
reconstruction, and breast sarcoma. Together with
our radiologists, we are evaluating the application of
tomosynthesis for breast screening and the use of preoperative MRI in patients who desire breast-conserving
surgery. We piloted the Advanced Practice Nurse-led
Breast Cancer Survivorship Programme with funding
from the Healthcare Quality Improvement & Innovation
Fund, MOH, to provide comprehensive and holistic
care for long-term survivors. This has been in effect as
the standard care in our Department since July 2012.
On the translational research front, we are investigating
the influence of choice of surgery in different molecular
subtypes of breast cancer and the casual link between
breast and renal cell carcinomas. We have several
ongoing collaborations with the Department of
Pathology, headed by Assoc Prof Puay Hoon Tan.
Besides extensive collaborations with scientists and
clinicians in the NCCS, SGH and Duke-NUS, we
partner with other institutions on breast cancer-related
studies. These include breast cancer epidemiology
with researchers at the Saw Swee Hock School of
Public Health, NUS; the identification of progesteroneregulated genes and pathways in breast cancer with
the School of Biological Sciences, NTU; and the role of
YB-1 interacting partners in breast cancer progression

with the Anatomy Department, Yong Loo Lin School
of Medicine, NUS, and the Department of Pathology,
University of Otago, New Zealand.
Our Breast Radiation Oncology Team
The Department of Radiation Oncology breast clinical
oncologists participate and lead active breast cancer
clinical research programmes.
Recognising the importance of the host in affecting
responses to cancer treatment and prognosis, the
team actively explores these variables in the cohort
of Asian breast cancer patients. We have performed
retrospective studies on the impact of histological
subtypes of breast cancer on Asian patients and are
looking to build a better tool for prognosticating the
outcomes for local breast cancer patients using a
campus-wide breast database. Already, this work
has shown promise in predicting loco-regional control
in patients with non-invasive breast cancer with the
development of a nomogram based on local data.
Furthermore, our breast clinical oncologists have
collaborated with various international trial groups,
including the UK Medical Research Council (MRC) and
the RTOG, and have recruited actively for randomised
controlled trials, including the maturing SUPREMO
trial (Selective Use of Postoperative Radiotherapy after
Mastectomy) and the recently concluded RTOG 1005, which sought to improve the outcomes of breast
cancer patients receiving adjuvant radiotherapy by
the simultaneous irradiation of the breast as well as the
tumour bed. Regionally, we have collaborated with
researchers from ASEAN countries and Hong Kong,
looking at high-risk breast cancer patients with triplenegative disease. Efforts are on-going to expand this
research into an international effort.
Locally, the group is in the midst of various prospective
clinical, dosimetric, and patient-centred studies.
These include studies on the use of Intra-Operative
Radiotherapy and Multi-catheter implants for
accelerated partial breast irradiation in non-low risk
patients. Studies are also ongoing regarding the use
of prone positions for adjuvant breast irradiation. We
are working to develop ways to increase radiation
sensitivity in order to maximise the value of this treatment
modality for patients. To this end, we have undertaken
studies to learn how to develop cost-effective treatment
strategies in breast cancer management.
Other Breast Research Collaborators
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Research efforts by Prof Bin Tean Teh’s team have
identified highly recurrent mutations in exon 2 of the
MED12 gene, which encodes a chromatin modifier
protein. As a reflection of the interest in this work, their
study was selected as one of the highlights for the
“2014 Year in Review” session at the San Antonio
Breast Cancer Symposium (SABCS), the leading
breast cancer meeting. A follow-up study has also
mapped out the genes responsible for the progression
of breast fibroadenoma to Phylloides tumors (Tan et al.,
Nature Genet, in press) and these discoveries will have
significant diagnostic implications.
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other than CYP2D6 that could account for variability
in the metabolism of tamoxifen, as well as other
pharmacology-related projects.
Assoc Prof Ann Lee’s team of researchers
are interested in understanding the genetic and
clinicopathological factors that impact on breast
cancer susceptibility. In addition, they are exploring the
use of circulatory microRNA signatures as non-invasive
markers for breast cancer diagnosis or prognosis.

Prof Balram Chowbay is evaluating genetic factors
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next-generation sequencing approaches, and perform functional analysis for candidate genes. The
discovery of novel genes associated with hereditary breast cancer may have significant impact on disease
screening and breast cancer management, and enhance our understanding of the influence of these genes
on disease progression in an Asian population.

Research Staff:
(Left to right)
Sandhya SHEKAR,
Claire CHAN,
Assoc Prof Ann LEE,
Edward WONG

Assoc Prof Ann LEE,
DPhil (Oxon)
Principal Investigator,
Laboratory of Molecular
Oncology,
Division of Medical
Sciences

Figure 1: Genetic susceptibility to cancer. Approximately 50% of familial
clustering of breast cancer is due to currently unknown or candidate genes.

dmslsg@nccs.com.sg

Our laboratory focusses on

Joint Appointments
• Adjunct Associate
Professor, Department
of Physiology, National
University of Singapore

• identifying genetic factors associated with the hereditary breast cancer
syndromes;

• Adjunct Associate
Professor, Duke-NUS
Graduate Medical
School

• elucidating genetic factors associated with breast cancer susceptibility in our
local Asian population; and
• identifying novel biomarkers that may be useful as diagnostic or prognostic
tools for breast cancer, utilising blood samples from patients.
We collaborate closely with clinicians from the Departments of Medical
Oncology, Surgical Oncology, and Oncologic Imaging at the NCCS, who have
been instrumental in the accrual of women for our studies as well as in providing
clinical expertise and advice on the clinical utility of our work. In addition, we
collaborate with scientists and clinicians from various local institutions, including
Duke-NUS, SGH and KKH, and researchers internationally.
Specific Projects
• Identifying novel genes associated with hereditary breast cancer
Breast cancer is the most common cancer among women in Singapore.
Women who have a family history of breast cancer and/or other cancers,
such as ovarian cancer or sarcomas, have an increased risk of developing
breast cancer as compared with the general population. Several breast
cancer susceptibility genes have already been identified but approximately
50% of familial clustering is due to unknown or candidate genes (Figure 1).
Many patients with a strong family history do not have mutations in known
breast cancer-associated genes, which suggests that mutations in other genes
may be mutated in these families. We aim to identify these genes through

• Association of breast cancer susceptibility loci in Asian patients
The aim of this project is to investigate genetic and clinicopathological factors that may have impact on
breast cancer susceptibility in our local Asian population. To explore the role of breast cancer susceptibility
variants in Singapore Chinese, 22 single nucleotide polymorphisms (SNPs) were analysed in 1,191 breast
cancer cases and 1,534 female controls, with 8 SNPs found to be significantly associated with an elevated
breast cancer risk. By utilising our large collection of breast cancer samples, we are extending this work to
identify additional genetic variants that are associated with breast cancer susceptibility in Asians.
• Novel microRNA signatures for the diagnosis or prognosis of breast cancer
Another goal of our research group is to identify novel biomarkers that may be useful as diagnostic or
prognostic tools, utilising blood samples from patients. Circulating microRNAs have been suggested to be
able to distinguish blood samples from breast cancer patients from those of healthy controls, and could
potentially be used as non-invasive biomarkers.
Recently, we identified microRNAs in serum samples that allowed us to discriminate between breast cancer
cases and samples from healthy subjects (Figure 2). Receiver operating characteristic (ROC) curves,
derived from combinations of these microRNAs, exhibited high areas under the curves (AUC) of 0.90
to 0.91, suggesting that these microRNA signatures may have the potential to be developed into bloodbased biomarkers for breast cancer detection.

women’s
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Figure 2: Box-and-whisker plots representing results for four microRNAs. The y-axis depicts log2 fold change. These
microRNAs could be used to distinguish between serum samples from breast cancer cases (n=132) and healthy
controls (n=101). All four microRNAs had statistically significant P values (P<1E-8). Data were collected using reverse
transcription polymerase chain reaction (RT-PCR) experiments.
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comprehensive PROGRAMME:

Gastrointestinal Cancers
By Iain TAN

Gastrointestinal (GI) cancers, collectively oesophageal, stomach, small intestine, colon, rectal and anal
cancers, rank amongst the world’s most frequent cancers and are some of the leading causes of cancerrelated deaths. Globally, stomach cancer is the second leading cause of cancer-related death. In Singapore,
colorectal cancer is the most frequent cancer among males and second-most common among females.

The programme identifies 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 so as to frame
pertinent questions that our scientists and clinicians can
investigate and solve. We are also keen to work with
like-minded collaborators to advance the knowledge
and understanding of GI cancers.
1 Cancer Predisposition: Gastric cancer is
disproportionately common in Asia. Colorectal
cancer is the most common cancer type in
Singapore and the fourth-most common cancer
globally. The epidemiological, environmental
and genetic factors that contribute to these highprevalence cancers are not clear.
What epidemiological factors and gene–
environmental interactions can be used to predict
predisposition to developing GI cancers? What
biological insights could inform interventions that
may mitigate GI cancer risk of these predisposed
individuals?
Investigators: Joanne Ngeow, Dawn Chong,
Sven Pettersson
2 Pre-invasive disease: Pre-invasive lesions are
well recognised in both stomach and colon
cancers and stepwise models of the molecular
events underlying the progression of pre-invasive
to invasive disease have been proposed.
However, interventions that can retard or reverse
these processes are currently unknown.
What are the key oncogenic processes in early
disease that determine the progression to an invasive
cancer? What novel biological insights might be
used to develop innovative technologies that enable

the early detection of pre-invasive disease and
novel treatment strategies to halt progression of preinvasive lesions to invasive disease?
Investigators: Joanne Ngeow, Dawn Chong,
Sven Pettersson, Wah Mak Tak
3 Diagnosis of early-stage GI cancers: In colon
cancer, randomised trials show that populationbased screening and targeted screening in
high-risk populations can lead to a reduction
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, and test
capability can be improved.
What biological insights could create innovative
screening interventions or improve upon existing
methods that allow for the early detection/
diagnosis of GI cancers at a stage of disease that
is early enough that intervention can lead to a
population cancer-specific reduction in mortality?
Investigators: Iain Bee-Huat Tan, John Chia and
Mac Meng Fatt Ho
4 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.
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What is required to risk-stratify patients and thus
prescribe optimal therapy without unwarranted
adverse effects? What biological insights about
the metastatic process could be used for the
development of innovative treatments?
Investigators: Iain Bee-Huat Tan, Melissa Teo;
Clarinda Chua, Michael Wang; Matthew Ng;
Francis Chin
5 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.

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 to 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? Can we modulate the immune
system to effect improvements in patient outcomes?

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

Investigators: Matthew Ng, Iain Bee-Huat
Tan, Clarinda Chua, Dawn Chong, Si-Lin Koo,
Melissa Teo, Caroline Lee, Oi Lian Kon

Investigators: Iain Bee-Huat Tan, Matthew Ng,
Clarinda Chua

Investigators: Iain Bee-Huat Tan, Dawn Chong,
Clarinda Chua, Melissa Teo

Clinical Research
The mission of the NCCS Gastrointestinal Cancer
Comprehensive Disease Programme is to participate
in world-leading research that addresses the most
pressing needs of patients with digestive tract
cancers. Through research, we seek to generate
knowledge that can advance clinical care, lead
to better treatment outcomes and improve patient
quality of life. We embrace a multidisciplinary
approach, harnessing expertise in basic and
translational science, medical, surgical and radiation
oncology, palliative medicine, oncological imaging,
and other allied health disciplines.

7 Treatment of advanced GI cancer: Cure
can be achieved in some patients with stage IV
colon cancer disease. In a proportion of patients
with oligo-metastatic disease, a combination of
surgery to remove all visible disease and postoperative chemotherapy can lead to durable
disease remission and even cure. Nonetheless,
advanced GI cancers are incurable for most
patients. Advances in palliative systemic
chemotherapy and locoregional therapy, such
as radiation, have substantially prolonged
overall survival, provided palliation of symptoms
and improved patient quality of life. The major
impediment to durable disease control is the
almost inevitable emergence of resistance to
therapy. Peritoneal carcinomatosis—common in

Dr Iain Bee-Huat Tan serves as the overall clinical
leader of our comprehensive disease programme.
He is a Consultant Oncologist and Translational
Researcher at the Division of Medical Oncology
where he heads up the Colorectal Cancer Clinical
Service and Research Programme. He also holds a
concurrent appointment as a Clinician Scientist at the
Genome Institute of Singapore. Dr Tan's main focus
is integrating next-generation technologies with the
clinical care of patients with GI cancers. He is the
disease champion for GI cancers in Singapore's
POLARIS programme. Dr Tan's primary interest is
employing non-invasive assays capable of realtime monitoring of evolving disease biology, such
as circulating tumour cells (CTCs) and, particularly,
circulating tumour DNA, to understand the temporal

6 Survivorship in early-stage GI cancers: The
vast majority of 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?
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development of the two most critical and lethal
processes in cancer: the development of metastasis
and the development of drug resistance. He is also
interested in exploiting the body's innate anti-cancer
defence systems, specifically DNA repair and cancer
immunology, as novel cancer therapeutics.
Assoc Prof Melissa Teo 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 for 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 (in
collaboration with Prof Bin Tean Teh and Prof The
Hung Huynh).
Dr Matthew Ng is a Consultant Medical Oncologist
with an interest in experimental therapeutics. He
heads 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 evaluating pharmacodynamic
indicators of oncogenic pathway modulation.
Dr Clarinda Chua is a Consultant Medical
Oncologist focused on colorectal cancer research.
She oversees a prospectively maintained, relational
colorectal cancer clinical database evaluating
demographic,
biological
and
therapeutic
determinates of outcomes in our patients.
Dr Dawn Chong is an Associate Consultant
Medical Oncologist with an interest in cancer
epidemiology in gastrointestinal cancers.
Dr Michael Wang is a Senior Consultant Radiation
Oncologist whose research focus includes radiation
technology, radiobiology and clinical trials in GI cancers.
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Dr Francis Chin is a Senior Consultant in Radiation
Oncology specialising in GI cancers. He is the lead
principal investigator in several radiation quality
improvement projects involving total body irradiation
and algorithm contouring for tumour and normal
organs for irradiation. He is currently involved in
a SingHealth collaboration with an Australian
biotechnology company regarding peritoneal
irradiation using nano-particle radioisotopes with
the intention of researching new modalities to treat
GI peritoneal metastasis.
Dr John Chia is a 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 colorectal cancer patients.
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Genome-wide DNA methylation—assayed by reduced representation bisulfite sequencing—showed
widespread changes in promoter methylation. In high IDH1-expressing cells, 890 promoters were
hypomethylated and 141 were hypermethylated as compared with the low IDH1 isogenic cells. Crossreferencing transcriptomic and epigenomic data revealed 20 genes that mapped to cytokine/cytokine
receptor pathways. A similar analysis of genome-wide differences in promoter methylation of the TCGA
gastric cancer cohort showed likely functional effects on Wnt and cadherin signalling.

Bioinformatics analysis of glioblastoma databases revealed similar molecular alterations. The glioma-CpG island
methylator phenotype (G-CIMP), applied to the Gravendeel cohort, showed that nearly all G-CIMP-positive gliomas
were low IDH1 expressors and that these patients also had significantly longer survival. The IDH1 transcriptional
portrait of gliomas was also highly enriched in chemokine signalling and cell adhesion pathways.

Prof Oi Lian KON,
MBBS, MD, FRCPC
Principal Investigator,
Laboratory of Applied
Human Genetics,
Division of Medical
Sciences

dmskol@nccs.com.sg
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Functional assays in vitro showed more rapid wound healing and higher intracellular ATP levels in high
IDH1-expressing FU97 cells.

Research Staff:
(Left to right)
Wai Har NG,
Prof Oi Lian KON,
Sze Sing LEE

Head, Division of
Medical Sciences
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Our laboratory currently focuses on two projects of potential relevance across
different cancer types.
Wild-type IDH1: A Metabolic Oncogene?
High expression of wild-type IDH1 is an adverse prognostic biomarker. In
glioblastomas, it is associated with significantly shorter survival as compared
with tumours with IDH1 and IDH2 neomorphic mutations (TCGA glioblastoma
cohort). High IDH1 expression also correlates with significantly shorter survival
in patients with gastric adenocarcinomas (TCGA gastric cancer cohort).
We used IDH1 knockdown in cancer cells and bioinformatics analysis of clinical
genomic databases to investigate the role of IDH1 in cancers. We reduced wildtype IDH1 expression with a doxycycline-inducible lentiviral shRNA construct
in two gastric cancer cell lines, FU97 and YCC2. Transcriptomic, epigenomic
and metabolomic data of knocked-down cells as compared with their nontemplate shRNA controls point to pleiotropic and protean effects of high IDH1
expression.
Transcriptomic data showed dysregulation of gene clusters involved in
membrane functions and cell proliferation. Metabolite profiling of high and
low IDH1-expressing cells showed significant differences in the abundance of
intracellular, unsaturated fatty acids and phospholipids.

Ongoing work
We are (a) conducting more in vitro functional assays to determine if the aforementioned molecular alterations
affect the behaviour of cancer cells; (b) developing in vivo xenotumours to investigate if IDH1 expression
alters tumour development and growth. Should high IDH1 expression be associated with more aggressive
in vivo tumour growth, we will investigate the effects of inhibitors of Wnt signalling.
Delivering MET kinase inhibitors to mitochondria
Non-small cell lung cancers with activating epidermal growth factor receptor (EGFR) mutations acquire
resistance to EGFR inhibitors by co-opting different bypass mechanisms. Among these mechanisms,
MET overexpression accounts for 5% to 15% of acquired resistance. In previous work, we have shown
mitochondrial localisation of Met protein in cancer cells expressing high levels of this oncogene. Our current
research seeks to test the hypothesis that mitochondria are an oncogene sanctuary that are not effectively
penetrated by conventional tyrosine kinase inhibitors (specifically, Met kinase inhibitors). We have chemically
modified PHA-665752, a Met kinase inhibitor, with the triphenylphosphonium (TPP) cation for mitochondrial
delivery (Figure 1). PHA-665752 and its TPP derivative have been tested in an isogenic pair of lung cancer
cell lines: the parental cell line, HCC827-A, which harbours the EGFR-activating exon 19 in-frame deletion,
is erlotinib-sensitive, whereas its isogenic derivative, HCC827-B, is erlotinib-resistant and MET amplified.
Despite weaker inhibition of Met kinase autophosphorylation (Y1234/Y1235), TPP-PHA-665752 shows
a modestly higher cytotoxic activity in HCC827-B cells. However, TPP-PHA-665752 more potently inhibits
EGFR autophosphorylation (Y1148; Y1173) and is more apoptogenic than the parental drug.
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Figure 1: The orientation of PHA-665752 (yellow) in the ATP-binding
pocket of Met kinase (PDBA 2WKM). Courtesy of Prof. M.L. Go, NUS.

Ongoing work
In a collaborative project:
• We plan to synthesise and evaluate the kinase inhibitory activities and cytotoxic potency of TPP-derivatives
of crizotinib and foretinib to determine if these molecules are more tolerant of chemical modification for
mitochondrial delivery.
• We will deliver unmodified Met kinase inhibitors via nanocarriers functionalised with TPP. This approach
obviates chemical modification of active kinase inhibitors while achieving organelle-targeted drug delivery.
• As cisplatin is a second-line therapy for lung cancers with acquired resistance to EGFR kinase inhibitors,
we plan to test a pro-drug approach in which a single inert chemical entity functionalised with TPP will
deliver a Pt(IV) complex and a Met kinase inhibitor. Both active drugs will be released in the mitochondria
by endogenous reductants.
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marrow stromal cells ex vivo and autologous cell therapy in
vivo. Cell Transplant 2014 Mar 24 [Epub ahead of print].
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comprehensive PROGRAMME:

Sarcoma and Other Rare Malignancies
By Paula Lam and Richard Quek
Cancer is the primary cause of death in Singapore and, in 2009, it accounted for 29.3% of total deaths
(Ministry of Health, http://www.moh.gov.sg/content/moh_web/home.html). Aside from the cancers
described in the previous sections, clinicians and researchers at the NCCS are actively involved in the research
and treatment of rare malignancies, which include soft-tissues and bone sarcomas, gastrointestinal
stromal tumours (GIST), neuroendocrine tumours (NET), melanomas and brain tumours.

Sarcomas are a heterogeneous group of tumours
that arise from tissues of the mesoderm. They are
ubiquitous and may arise from and affect various

tissues and organ systems in the human body
(Figure 1).

picture

Figure 1: Illustration of how various types of sarcomas arise
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In Singapore, sarcoma incidence is approximately
1% of all malignancies. The standard of care for
its management involves a multi-modality approach
undertaken by a team of dedicated sarcoma
specialists. Although complete surgical resection
remains the therapeutic mainstay for soft tissue
sarcomas, adjunctive chemotherapy and radiation
therapies are important in a subset of sarcomas. In
the advanced setting, therapeutic options are rapidly
developing and becoming available to our patients
but a cure is still a distant calling, with a need for
renewed research efforts for this cancer. In an effort
to reduce local recurrence rates, Dr Jonathan Teh
seeks to optimise radiotherapy regimes such as the
use of intensity-modulated radiotherapy. In a similar
vein, Dr Francis Chin aims to reduce the doses
of radiation applied to critical organs by altering
the patient’s contour through the use of tissueequivalent compensation, as well as by refining the
current total body irradiation to improve the odds of
success in cancer treatment.
In addition to improving the precision of radiotherapy,
it is equally important to advance our understanding
of the pathway of progressive dedifferentiation for
personalised targeted therapies. In this aspect,
Assoc Prof Melissa Teo is collaborating with Prof
Bin Tean Teh to define the molecular signatures of
well- and de-differentiated liposarcomas, as well as
in peritoneal carcinomatosis and mucinous tumours
of colorectal and ovarian origins. At present, a
variety of agents aimed at blocking platelet-derived
growth factors, vascular endothelial growth factors,
epidermal growth factors and their corresponding
receptors are under investigation for the treatment
of these cancers. Dr Richard Quek’s main
research interest is in developing novel, molecularly
targeted therapies for soft tissue sarcomas, bone
sarcomas, gastrointestinal stromal tumours, and
melanomas, and is the Principal Investigator in
many therapeutic trials in this arena. Dr Mohamad
Farid is interested in enhancing the biological
apprehension of mesenchymal malignancies
through clinicopathological correlative studies,
and by exploring novel strategies with established
agents to enhance outcomes of systemic therapy in
advanced sarcoma. Dr Farid and Dr Quek initiated
a joint NCCS effort to develop a clinical sarcoma/
GIST/melanoma database that correlates
chemotherapeutic outcomes with preclinical work
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performed by researchers at the NCCS. Further,
Dr Jiancheng Hu is investigating the molecular
mechanism(s) that underlies the development of
BRAF (V600)-derived melanoma and drug resistance
in BRAF(V600E)-positive melanoma patients.
Dr Joanne Ngeow leads the Cancer Genetics
Service (CGS), providing genetic risk assessment
to patients who have features suggestive of a
genetic predisposition (see Practice - Oriented
Programme for details). Dr Ngeow’s laboratory is
evaluating the spectrum of germline mutations seen
in apparently sporadic sarcoma and other rare
cancers, including endocrine-related cancers such
as phaeochromocytoma and paraganglioma, with
the aim to better understand genotype–phenotype
correlations. Her team is particularly interested in
understanding the genetic pleiotropy seen in familial
cancer syndromes such as Li Fraumeni syndrome,
Hereditary
Pheochromocytoma-Paraganglioma
syndrome, and Multiple Endocrine Neoplasia I and
II, in which changes in one gene results in seemingly
disparate phenotypic traits.
Prof The Hung Huynh’s laboratory is one of very
few laboratories on an international scale that has
successfully established a series of patient-derived
gastrointestinal stromal (GIST) tumour xenografts
for the screening of novel drugs. His team of
researchers is evaluating a host of new targeted
agents that are currently under development in
collaboration with pharmaceutical companies to
treat GIST. In addition, the team is also keen to study
the biology of imatinib-resistant GIST and to explore
complementary drugs that improve the efficacy of
imatinib. As part of our sarcoma/GIST programme,
the NCCS, in collaboration with its partners from
across Singapore, is organising our 3rd annual
Singapore Sarcoma Consortium Education and
Research Meeting in September this year. This
annual meeting aims to serve as an education and
research platform for in-depth discussions in this
field of cancer; this meeting attracted more than
300 participants in 2014.
Although NET has long been regarded as a rare
cancer, its relative indolence has resulted in its
rising prevalence and importance. Notable recent
progress has seen the use of 68Ga-dotatate
imaging in its diagnosis, confirmed the
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antiproliferative role of somatostatin receptor
analogues, provided data on the activity of
temozolomide-based chemotherapy and targeted
agents, and shown evidence for the role of peptidereceptor radionuclide therapy in the treatment of this
rare cancer. Recognising the increasing importance
of NET, Assoc Prof Simon Ong aims to focus on
developing a dedicated NET group and service. This
group has already published a book on the clinical,
diagnostic and management aspects of NET. The
group now also holds regular multidisciplinary
tumour boards to review and discuss all new cases
or difficult cases. The group is now retrospectively
scrutinising the local database to determine the
characteristics and outcomes of patients with NET.
Looking forward, the group hopes to develop a
national collaborative network, prospective data,
management protocols and research in this area.

Brain tumour arises mainly from glial cells. Although
the incidence of brain tumours in adults in Singapore
is less than 1%, it is the second leading cause of
cancer-related death in children. At our centre,
Dr Chee Kian Tham evaluates optimal treatment
procedures for brain tumours and explores innovative
avenues of treatment in preclinical glioma mouse
models. Assoc Prof Paula Lam is working towards
elucidating the molecular mechanism underlying
the tumour-trophic properties of human bone
marrow-derived mesenchymal stem cells (MSCs)
and how these cells interact with tumour cells in the
tumour microenvironment.
For possible therapeutic trials, Dr Tham and Assoc
Prof Lam have initiated a joint effort to assess the
use of antibodies against epidermal growth factor
receptor in combination with other agents to
enhance the treatment regimens of brain tumours.
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Young Investigator
Dr Mohamad Farid is a
consultant in the Division
of Medical Oncology
with subspecialty interests
in sarcomas, GIST and
melanomas. He is well
published in these fields
and has been instrumental
in the development of
our NCCS sarcoma/
melanoma database. His current research focus is
in angiosarcomas evaluating the best modalities of
staging, prognosticating and disease evaluation/
response to treatment in this cancer. To critically
examine this clinical question, he has brought
together a multi-disciplinary team comprising
medical, radiation, and surgical oncologists, as
well as dermatologists and laboratory-based
researchers from across the country.

71

resources and support for AYA patients undergoing
cancer treatment. The primary objective of this
pivotal study is to evaluate the effectiveness of
a pilot psychosocial screening and intervention
programme to address the unique psychosocial
issues faced by AYA cancer patients in Singapore.
Secondary objectives are to evaluate the baseline
psychosocial wellbeing and distress levels of AYA
patients afflicted with cancer and elucidate the
impact of psychosocial interventions on the quality
of life of AYA cancer patients.
Notably, Dr Mohamad Farid has just been
accepted to the Harvard Master of Public Health
Programme (MPH).

The other key research project Dr Farid is leading
is a nation-wide prospective multi-centre study of
adolescents and young adults (AYA) with cancers.
The main overarching aim of this study is to enhance
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Figure 2: Migration of human bone marrow-derived mesenchymal stem cells toward the intracranial glioma in mouse.

Dr Francis CHIN

Dr Mohamad FARID

Dr Jiancheng HU

Dr Joanne NGEOW

Assoc Prof Simon ONG

Dr Richard QUEK

Assoc Prof Melissa TEO

Dr Chee Kian THAM

Prof The Hung HUYNH Assoc Prof Paula Lam

Prof Bin Tean TEH

Dr Jonathan Yi Hui TEH

Sarcoma and
Other Rare
Malignancies

70

Comprehensive Programme
National Cancer Centre Singapore I HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

Comprehensive Programme
National Cancer Centre Singapore I HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

73

Laboratory of

Cancer Gene Therapy
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(Left to right)
Edita ALIWARGA,
Assoc Prof Paula LAM,
Shou Ping GUAN,
Catherine KOK

Assoc Prof Paula LAM,
PhD
Principal Investigator,
Laboratory of Cancer
Gene Therapy,
Division of Cellular &
Molecular Research
cmrlyp@nccs.com.sg
Joint Appointments
• Associate Professor,
Dept of Physiology,
National University of
Singapore
• Associate Professor,
Duke-NUS Graduate
Medical School

Figure
1:
Elucidating
receptor heterodimerisation
and activation of signalling
cascades in human GBM

Brain tumours comprise a broad spectrum of biological and clinical entities,
making it unlikely for any single therapeutic approach to be universally
applicable. In particular, malignant glioblastoma multiforme (GBM) have
defied all current therapeutic modalities. Gene therapy offers the potential to
augment current neurosurgical, radiation and drug treatments with little increase
in morbidity. Many therapeutic transgenes have shown efficacy in experimental
models, including the generation of toxic compounds, the enzymatic activation
of prodrugs, the expression of tumour suppressor or apoptotic proteins, inhibition
of angiogenesis, and the enhancement of immune responses to tumour antigens.
Vectors have been used as gene delivery vehicles and as cytotoxic agents in
their own right by the selective replication and lysis of tumour cells, thereby also
generating vectors on-site. The “Achilles’ heel” in this treatment modality is that
brain tumours often comprise a unique, dividing population of cells that are
confined within the brain tissue. Furthermore, the heterogeneous and invasive
characteristics of these tumour cells, as well as sequestration of tumour antigens
within this relatively ‘immune privileged’ location present serious complications
for effective therapy.

As proof-of-concept, we show that tumour trophic properties together with an appropriate therapeutic gene
(e.g. TRAIL) can be reconstituted in the non-tumour-trophic MSCs and used as therapeutic vectors in preclinical
animal mouse models. Apart from using MSCs, we have also generated a novel oncolytic herpes simplex virus
type-1 (oHSV) with improved efficacy and lower toxicity towards gliomas. Oncolytic virotherapy is already
adopted in clinical trials for the treatment of several cancer types. In the extended study, we propose to study
the therapeutic efficacy of this newly generated oHSV in conjunction with other adjuvant therapies for the
possible treatment of human cancer. Together with the clinicians at the NCCS, we have recently published that
the effect of nimotuzumab, a humanised monoclonal antibody against epidermal growth factor receptor, is
independent of the endogenous EGFR status in human glioma cells. Further, the combined use of nimotuzumab
and rapamycin exert greater cytotoxicity activities than temozolomide alone. Current findings and other similar
combination therapies may contribute toward the implementation of Phase I clinical trials at the NCCS.

Selected Publications

Our laboratory focuses at elucidating the molecular mechanism underlying
the transition between glioma cell motility and proliferation (as represented in
Figure 1) using isogenic human glioma cell lines developed in our laboratory.
These cells contain specific genetic aberrations that recapitulate those found in
clinical GBM. The dissection of glioma signalling cascades will advance our
current understanding of the various GBM subtypes, cell invasion, and drug
resistance, and could help us in the development of novel gene therapies for
the potential treatment of brain tumours. Concurrently, we are actively engaged
in the development of an ideal vector (viral or stem cell-based) for the specific
delivery of therapeutic agents into cancer cells. We have published that not all
human bone marrow-derived stem cells (MSCs) exhibit tumour-trophic properties.

1 Yulyana Y, Ho IAW, Sia KC, Newman JP, Toh XY, Berwini
B Endaya, Chan J, Gneicchi M, Huynh H, Chung AY, Kiat
Hon Lim, Leong HS, Iyer GN, Hui KM, Lam PY. Human
fetal mesenchymal stem cells inhibit hepatocellular
carcinoma growth through IGF-1R/PI3K/Akt. Mol Ther
2015; 23:746-756.
2 Lv M, Fraefel C, Sia KC, Newman JP, Shafiq Ali Bin
Mohamed Bashir , Ng WH and Lam PY. The potential
application of regulatable oncolytic herpes simplex virus in
treating human cancers. Br J Cancer 2014; 110:94-106.
3 Ho IAW, Toh HC, Teo YL, Guo CM, Hui KM and Lam
PY. Human bone marrow-derived mesenchymal stem
cells suppress human glioma growth through inhibition of
angiogenesis. Stem Cells 2013; 31:146-155.

4 Ho IA, Chan KWY, Ng WH, Guo CM, Hui KM, Cheang P,
and Lam PY. Matrix metalloproteinase 1 is necessary for
the migration of human bone marrow-derived mesenchymal
stem cells. Stem Cells 2009; 27:1366-1375.
5 Lam PY, Sia KC, Khong JH, de Geest B, Lim KS, Ho IA,
Wang GY, Lv M, Huynh H, Hui KM. An efficient and
safe herpes simplex virus type 1 amplicon vector for
transcriptionally targeted therapy of human hepatocellular
carcinomas. Mol Ther 2007; 15:1129-36.
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Practice-Oriented Programme:

Clinical Trials
By Su Pin Choo

Clinical trials play a pivotal role in bringing cutting-edge, novel therapeutic modalities to the clinic in order
to recognise the ultimate goal of improving patient outcomes. As a leading academic cancer centre, we
leverage upon the centre’s high patient volume and strong government support for biomedical research to
conduct clinical trials and invest significant resources into ensuring a world-class infrastructure to support all
phases of these trials, including the early phase, and first-in-human trials. To this end, we have attracted a
portfolio of international pharmaceutical and investigator-initiated clinical trials that span all tumour types,
including numerous high-profile, practice-changing oncology trials. We have become a key point of contact
in Asia for pharmaceutical companies, who are beginning to recognise the importance of conducting trials in
diverse ethnic groups. On average, more than 130 clinical trials are on-going each year; this includes trials
on devices, novel radiotherapy techniques, supportive care and cancer therapeutics. With trials increasingly
incorporating translational endpoints, the collaborative environment within the NCCS and between research
institutes in Singapore facilitates iterative dialogue between scientists and clinicians, providing an innovative
platform for the design and execution of the next generation of clinical trials.

Aligned with the best practices afforded by
the breadth and depth of highly-specialised
multidisciplinary teams, our trial portfolio comprises
of the most relevant, up-to-date studies, as well as
those that are driven by the biology of cancers,
especially those that are relevant locally. For
example, in the nasopharyngeal cancer track, all
trial phases have been managed, ranging from

a landmark randomised Phase III trial in locally
advanced disease, immunotherapy and vaccine
trials to trials of novel, small molecules targeting
latent-lytic induction. Over the years, the NCCS
has established a reputation as a leading centre for
clinical trials in Singapore, with several elements as
key stakeholders (Figure 1).

Clinical Trials
and
Epidemiological
Sciences
Patient-Derived
Xenograft
Programme
(Co-Clinical Trials)

Experimental
Cancer
Therapeutics
Research Unit

Functional
Imaging CoRE

Clinical
Pharmacology

Biomarker
Development

Figure 1: Relationship between research units involved in clinical trials at NCCS.

Clinical Trials and Epidemiological Sciences Division
The Clinical Trials and Epidemiological (CTE)
Sciences Department is headed by Assoc Prof
Eng Huat Tan, and deputised by Dr Su Pin Choo.
Both oversee a dynamic team of clinical research
coordinators, database coordinators, statisticians
and data monitors involved in conducting trials. CTE
is staffed by one deputy director, two managers,
one senior project manager, 30 clinical research
coordinators (CRC), eight assistant CRCs, five
statisticians, five research coordinators (RCs), two
data management coordinators and administrative
staff. The objectives of CTE include ensuring that
all trials and clinical projects are conducted to the
highest Good Clinical Practice standards using the
most rigorous research methodology. CTE covers
all aspects of clinical trial management, including
administrative support for trial budgeting, drafting of
confidentiality agreements, project planning, ethics
and regulatory submission support, case report form
design, among others. CRCs work in five teams: 1.
Breast/Gynaecology; 2. Gastrointestinal; 3. Lung/
Head & Neck; 4. Lymphoma/Sarcoma; 5. Phase 1
unit (ECRU).
Experimental Cancer Therapeutics Research
Unit (ECRU)
In recent years, we have significantly expanded
our Phase I trial activities through ECRU, which is
led by Dr Daniel Tan. The primary mission of ECRU
is to bring novel therapeutic options to the clinic
while concomitantly advancing our understanding
of cancer biology through the design of sciencedriven trials. Through this unique translational
interface, ECRU works closely with scientists in
NCCS, Duke-NUS, GIS and others, in order to
increase the value of Phase I trials beyond simple
dose-finding studies. From conceptualisation to the
execution of biomarker intense Phase I trials, ECRU
has successfully amassed more than SGD 5 million
in competitive grants as well as completed more
than 30 clinical trials. In 2014, 110 patients were
enrolled into Phase I trials including first-in-human

studies. ECRU works closely with SingHealth’s
Investigational Medicine Unit (IMU), which is a
30-bed, dedicated, early-phase research inpatient
unit. IMU helps to facilitate drug administration in
a monitored environment and ensures high quality
of pharmacokinetic and pharmacodynamic sample
collection. The Translational Pathology Centre, led
by Asst Prof Tony Kiat Hon Lim, is engaged in all
aspects of biomarker development, from discovery
and validation to qualification. A tumour profiling
programme for actionable targets has been making
a difference in the clinic since 2012, and was only
made possible by generous philanthropic donations.
Patient-Derived Xenograft (PDX) Programme
Our Patient-Derived Xenograft (PDX) Programme,
led by Prof The Hung Huynh, has been instrumental
for exploring novel combinatorial treatment
approaches and has provided unique insights
into the mechanisms of resistance and response to
drugs. Indeed, several of our clinical trials were
initiated as a consequence of findings arising from
these patient-derived xenografts, which have further
facilitated the optimal design of biomarker-enriched
studies in specific patient groups. Prof Huynh has
a well-characterised repository of PDX models in
a range of cancer types, including hepatocellular
carcinoma, gastric cancer and gastrointestinal
stromal tumour, to name a few.
Functional Imaging Core
Using non-invasive functional Dynamic Contrast
Enhanced-MRI, CT, and PET scans, we have the
capability to perform multiparametric imaging to
study blood vessel changes, cell death and necrosis.
This can provide important readouts of treatment
responses in patients in an earlier timeframe and
also allow us to understand the mechanism of
action of a particular therapy. We have on-site,
state-of-the art imaging capabilities and expertise
from Assoc Prof Choon Hua Thng and Dr Quan
Sing Ng, allowing us to incorporate bio-imaging
into our clinical trials.
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Biomarker Development
Linking next generation “omics” technologies to
prospective clinical trials promises to deliver highprecision biomarkers to stratified cancer medicine.
To this end, a range of genomic, transcriptomic
and proteomic platforms are now available for
biomarker discovery efforts, and our extensive
tumour repository allows for expedient validation
in well-annotated patient cohorts. In 2013, a
joint A*STAR–SingHealth effort (POLARIS) was
developed with the aim of bringing next-generation
sequencing into CAP-accredited laboratories
(CAP, College of American Pathologists). Building
around this capability, our CAP-accredited facility
can handle all aspects of the development of fit-forpurpose genomic or protein-based assays for their
application in clinical trials.
Clinical Pharmacology
The Clinical Pharmacology Laboratory, led by
Prof Balram Chowbay, provides comprehensive
pharmacokinetics (PK) and pharmacodynamics
(PD) support, which are particularly critical for
early phase clinical trials. Over the years, the
laboratory has developed extensive capabilities in
the development and validation of bio-analytical
assays for the quantification of drug concentrations
in clinical samples, as well as PK/PD modelling of
anti-cancer agents and their metabolites. Working
in close collaboration with the clinical trial unit in
the NCCS and SingHealth IMU, the laboratory’s
involvement encompasses many aspects of clinical
trials, including protocol design, processing,
storage and analysis of clinical specimens, analysis
and interpretation of PK/PD data, and assessment
of clinical relevance.
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Practice-Oriented Programme:

Cancer Genetics Service
By Joanne Ngeow

The 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. This is the first time in
the history of the NCCS that a full-service genetic medicine clinical service exists.

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
People
CGS is staffed by one staff cancer geneticist (Dr
Joanne Ngeow, 30% full-time equivalent), two
part-time clinical consultants (Dr Min Han Tan and
Dr Peter Ang) and one full-time certified genetic
counsellor. Given the rising demand for geneticsdirected risk stratification, the CGS saw a 4-fold
increase in patient volume, with over 250 visits in
2014 alone (as compared with an average of 70–
80 visits in 2011 to 2013). To meet this new demand,

we are increasing the number of formally trained (at
least MSc level) genetic counsellors by 2016 (to the
equivalent of 2.5 full-time staff).
The clinical cancer genetics service is considered
a model in the nation and one of the most
comprehensive, as it is integrated between NCCS
and SGH 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 CGH. Dr Ngeow
provides cancer genetics services to KK Women and
Children’s Hospital (KKWCH) in the form of a once
a month satellite clinic, 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 4-fold since 2014,
and these numbers look to increase in 2015. Common
conditions seen at the CGS include Hereditary Breast
and Ovarian Cancer Syndrome, Lynch syndrome,
Hereditary Paraganlioma and Pheochromocytoma
syndrome, Li Fraumeni syndrome and other cancer
predisposition syndromes. Patients with a family
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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 is building a multidisciplinary platform for
clinical care, with each discipline comprising multiple
subspecialists from many clinical departments:
• Multidisciplinary High Risk Colon Cancer Clinic
(with Dr MH Chew, Department of Colorectal
Surgery, SGH).
• Multidisciplinary High Risk Breast and Ovarian
Cancer Clinic (with Drs Veronique Tan, Dr
Benita Tan, Assoc Prof Rebecca Dent, and Dr
Ghee Kheng Chew; Assoc Prof Ann Lee from
Department of Breast Surgery, Department of
Surgical Oncology, Division of Medical Oncology
and Department of Obstetrics and Gynaecology;
and Humprey Oei, Institute for Cancer Research).
• High-Risk Endocrine Neoplasia Clinics (with Dr
LM Loh, Department of Endocrinology, SGH
and Dr David Ng, Department of Nuclear
Medicine, SGH).

which includes clinical cancer genetics, to train postresidency physicians in the principles and practice
of clinical cancer genetics.
The CGS, various genetic counsellors, and the
“Genomics Champions” across various clinical
departments came together to initiate the inaugural
“1st Genetics Education Symposium” education
campaign for SingHealth doctors and nurses. The
symposium was held on 9 May 2015, and the opening
lecture was given by Prof Ivy Ng, SingHealth Group
CEO. This was an unprecedented, educational effort
attended by over 200 staff. The CGS serves as an
elective site for genetics counselling programmes
in the region and provides various educational
outreach activities in genetic and genomic medicine
to the clinicians within SingHealth as well as those in
the private sector and the public.
Because the CGS is a model for the 21st century
academic practice of genetic and genomic
medicine, and one of the few centres facile with
genomic counselling, the CGS has hosted many
regional, national and international observers.
Major Achievements Since Inception
•“Go to” Place for clinical cancer genetic and
genomic medicine clinical practice.

• Childhood Cancer Predisposition Clinic (with Dr
Amos Loh and Dr Shui Yen Soh, Department of
Paediatrics, KKWCH).

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

• Von Hippel-Lindau Disease Alliance Clinical
Centre of Excellence.

•Co-Organiser for the inaugural 1st SingHealth
Genetics Education Symposium.

Many of these multidisciplinary clinical efforts are
also intertwined with inter-disciplinary basic and
translational research across NCCS and throughout
SingHealth. In particular, the CGS works closely
with the Department of Pathology, SGH (Asst Prof
Tony Lim) to develop clinical molecular tests for
screening or testing high risk patients.
Education
To effectively utilise genetic and genomic data for
personalised healthcare, education at all levels is
vital. Unfortunately, clinicians who are trained to
practice genetic or genomic medicine are almost
non-existent. To address this, the CGS has created
a novel curriculum in cancer genomic medicine,
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•Invited to participate in the BRCA Challenge as
member of the Global Alliance for Genomics
and Health.
•Establishment of multiple clinical and translational
research collaborations with SingHealth, DukeNUS Graduate Medical School, Yong Loo Lin
School of Medicine, Lee Kong Chian School of
Medicine and A*Star institutes (including IMCB,
GIS, IMB, IBN and BII).
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Plans for the next 2–3 years
To realise the benefits that genetics bring for patients,
over the course of the next 3 years, we will:
• Establish a National Hereditary Cancer and Rare
Disease Registry and Biorepository for clinical
and research collaborations.
• Expand the cancer genetics workforce through
training of additional medical staff and genetic
counsellors.
• Develop a comprehensive Inherited Cancers
and Rare Disease Translational Research
Programme and a laboratory focused on
identifying and studying genes that contribute
to cancer susceptibility and progression. We
will focus 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 will search for causal sequence variants in
DNA from inherited cells in at-risk individuals, in
human tumour genomes, and in the genomes of
model organisms to determine novel susceptibility
genes as well as to better understand gene–gene
and gene–environmental interactions. We aim to
develop and implement new technologies and
bioinformatics tools for genome analysis that are
integral to this discovery pipeline.
• Initiate a SingHealth-wide cancer genetics
education campaign.

Practice-Oriented Programmes
National Cancer Centre Singapore I HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

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 National Cancer
Centre Singapore.
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member of the National Human Genome Research
Institute (NHGRI) ClinGen Variant Interpretation
Committee and member of the Global Alliance for
Genomics and Health.
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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 NMRC Transition Award in
2013. 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. She is a

• Pilot an electronic collection of cancer family
history to aid cancer risk assessment.
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targets for therapy and prevention. The laboratory is, at present, completing a functional evaluation of
three novel cancer susceptibility genes of interest. The role of genetic alterations in the microenvironment
of sporadic and heritable breast carcinomas and other solid tumours are being examined as they relate
to clinical outcome. This may have broad implications not only for pathogenesis but may reveal novel
compartments germane for diagnosis, prognosis, therapy, and prevention. Finally, as part of a consortium
with Dr Charis Eng, Cleveland Clinic, we seek to further understand genotype–phenotype correlations in
Cowden syndrome patients with germline PTEN mutations.
As clinical cancer genetics is a relatively new model of patient care, the Cancer Genetics Service (CGS)
is engaged in qualitative as well as health economics research to better understand how clinical cancer
genetics can be better implemented in Singapore. Data from these studies will be used to provide a model
for academic genetics practices in Singapore and across the rest of Asia. Toward this end, CGS has active
collaborations locally with the Saw Swee Hock School of Public Health, the Department of Sociology at
Nanyang Technology University, and the Health Services and Systems Research Department of Duke-NUS
Graduate Medical School. It is also in partnership internationally with Harvard Business School, Boston,
Massachusetts; Johns Hopkins Bloomberg School of Public Health, Baltimore, Maryland; and the MD
Anderson Cancer Centre, Houston, Texas.

Dr Joanne NGEOW,
Consultant, Division of
Medical Oncology
Joanne.Ngeow.Yuen.Yie
@nccs.com.sg
Joint Appointment
• Assistant Professor,
Oncology Academic
Clinical Programme,
Duke-NUS Graduate
Medical School

Our Vision:
To be the expert base for the principles and practice of inherited cancer
syndromes in the region.
Our Mission:
• To promote academic clinical cancer genetics practice, research
and education.
• To provide a work culture that enables us to bring cancer genetics and
genomics, through our research and clinics, into all subspecialties.
• To foster innovation ultimately directed at personalised genomics-based
cancer care.

Our research efforts are entirely translational in nature, such that data
are brought in relatively few steps to personalised genetics and genomics
medicine practice. Our current expertise lies in translational human genetics
and genomics targeted at heritable and sporadic solid tumorigenesis. We use
multidisciplinary approaches to identify and characterise genes which cause
susceptibility to inherited cancer syndromes, determine their role in sporadic
carcinogenesis, and perform molecular epidemiologic analyses as they relate
to clinical applications. Upon this framework, we are examining the prevalence
of germline mutations across a diverse group of apparently-sporadic cancers,
such as breast (in collaboration with Assoc Prof Ann Lee), colorectal, sarcoma
and endocrine-related cancers such as neuroendocrine cancers. Gene–
gene interactions and gene–environment interactions are being explored,
particularly how host genetics interacts with our microbiome. Functional studies
are performed to understand the non-traditional mechanisms by which novel
susceptibility genes are employed for tumorigenesis. This fundamental research
is aimed at not only mechanism resolution but also the identification of novel
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Practice-Oriented Programme:

caregivers. This will serve as a starting point for
the larger goal of identifying gaps in the current
palliative care services.

By Grace Yang

To assess the effect of a spiritual programme on
clinical outcomes in palliative care patients
Spirituality—defined as “the aspect of humanity
that refers to the way individuals seek and express
meaning and purpose and the way they experience
their connectedness to the moment, to self, to others,
to nature, and to the significant or sacred”—has been
recognised as a major and important component
of palliative care. Failure to address spirituality in
palliative care patients leads to poorer outcomes,
increased non-compliance with treatment plans and
poorer abilities to coping with illness.

Palliative Medicine

Research Staff:
(Seated)
Dr Patricia NEO,
Dr Lalit KRISHNA
(Standing, left to right)
SSN Yung Ying TAN,
Fang Ting PAN, Debra QU,
Dr Grace YANG,
Yin Yee WONG
(Absent)
Dr Alethea YEE

Dr Alethea Yee,
Head, Division of
Palliative Medicine

This study aims to determine if the systematic
assessment of spiritual problems and referral to
medical social workers for spiritual interventions
can improve patients’ spiritual wellbeing and
quality of life. Recruitment has been completed and
data analysis is in progress.

Alethea.yee.c.p@
nccs.com.sg
In tandem with an aging population in Singapore, the incidence of cancer is rising and so is the prevalence
of co-morbidities in cancer patients. Concurrently, survival is also lengthening as a result of the advances in
medical science and a rapidly increasing armamentarium of cancer therapeutic agents. There is consequently
an ever increasing number of patients with advanced cancer, who have been shown to have a high burden
of physical and psychological symptoms, with progressive functional decline and high caregiver needs.
The overall aim of palliative care research is to improve the quality of life for these advanced cancer patients
and their families, through better symptom control and models of care that can meet their needs. The Division
of Palliative Medicine seeks to achieve these goals by conducting research that will inform and improve
practice through collaborations with relevant parties.

Current projects
Assessing unmet palliative care needs in patients
with advanced cancer and their families through
the validation and use of a palliative care needs
assessment tool for Singapore
Unmet palliative care needs are an important
source of the burden of advanced cancer. Palliative
care services hope to reduce this burden by meeting
these unmet needs though good symptom control
and psychosocial support of patients and families.

This study aims to answer three questions:
• What are the levels of unmet palliative
care needs?
• Can current palliative care services lower unmet
palliative care needs?
• What factors affect unmet palliative care needs?
A palliative care needs assessment tool was
first developed and validated in the local
population, encompassing the three main ethnic
groups of Singapore and the common cancer
types. Recruitment is now underway for a crosssectional study of unmet palliative care needs in
1200 advanced cancer patients and their family

Empirical study on End of Life ethics issues
With the goal of addressing the dearth of clinical
studies in ethical issues, the Division of Palliative
Medicine has set out to study a wide array of ethics
issues relevant to the Singapore healthcare setting.
Amongst these are the very first studies on the
evolving concept of personhood amongst terminally
ill patients, its impact on the care determinations of
palliative care patients, and the impact of filial piety
on end of life decision making in Singapore.
It is envisaged that data from these studies will
not only improve care provisions within the local
setting but also lead the way for holistic care within
the region. Other areas of study include decision
making at the end of life and conceptions of food
and feeding at the end of life stage.
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referred to a palliative care team. Early palliative
care alongside standard oncological care has
been shown to confer benefit in the outpatient
setting. The aim of this study is to explore whether
a resource-efficient model of early palliative care
improves patient quality of life and reduces resource
utilisation in the acute hospital setting.
In collaboration with the Division of Medical
Oncology, we will be piloting a new model of
integrated palliative care and oncology care for
cancer inpatients. A full-time palliative care-trained
nurse supervised by a part-time palliative care
physician will join the oncology team as integrated
members to manage palliative care problems in
patients who have an unplanned hospital admission.
Development of a framework for mentoring in
Palliative Medicine
Mentoring sits at the core of medical training
yet the term and practice of mentoring remains
poorly understood. With support from the medical
education centres at the National University
Singapore and the University of Dundee, the
Division of Palliative Medicine hopes to carry out
multicentre, multinational studies on the concepts
and practices of mentoring.
The better elucidation of local and regional
practices will provide better guidance for the efforts
to forward the first evidence-based guidelines on
mentoring medical students and junior physicians
in research and academic publications. To be
produced in tandem with local studies of successfully
mentored medical students and junior physicians,
we plan to forward local guidelines on mentoring
for publication.

Future projects

Further studies will also be undertaken to study
the concepts of professionalism and empathy
within the region in an effort to forward culturally
sensitive, clinically relevant training curricula of
these domains.

Development of a novel integrated palliative
oncology model of care for cancer inpatients
For cancer patients, an unplanned hospital
admission is often an indicator of poor prognosis
and represents a need for palliative care input.
However, only a minority of these patients are

Cancer patients in the adolescent and young
adult (AYA) age group (15–39 years old)
AYA cancer patients face a multitude of complex
problems, and the services that currently meet the
needs of this group of cancer patients are still in
their early stages of development.

Palliative Medicine
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We plan to determine what the specific needs of AYA
cancer patients are in order to build a programme
that is tailored to support them. This study will
provide much needed information on the specific
care needs and referral patterns of the AYA cancer
patient group, which will then be used to design an
alternative service model specific to the AYA cancer
patients to better address their care needs.
Additionally, in collaboration the Division of
Medical Oncology and the Division of Psychosocial
Oncology, we plan to undertake a pilot study
evaluating the effectiveness of a psychosocial
intervention programme for AYA cancer patients to
guide future holistic programmes for patients.
Plans for the next 2 –3 years
The division of Palliative Medicine is building
research capacity through a three-pronged
approach. First, we are actively establishing
partnerships with the Lien Centre for Palliative Care,
Centre for Quantitative Medicine, duke-NUS and
other divisions within the NCCS. These partnerships
will build research skills by working together on
joint projects in a “learning by doing” approach.
Second, one of our clinicians plans to undertake
a Masters’ degree in Public Health to gain skills
in health services research as well as build
collaborations with palliative medicine research
centres overseas. Third, we aim to keep research
“close to practice” by collaborating with clinicians
to ensure that research remains relevant.

Palliative Medicine
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Clinical Pharmacology
By Balram Chowbay
Clinical pharmacology in the NCCS, led by Prof Balram Chowbay, has largely focused on the translational
applications of pharmacological knowledge and principles in the optimisation of pharmacotherapy of anticancer agents and the development of more effective and safer treatments in our patients. Knowledge of
a drug’s pharmacokinetics (PK) and pharmacodynamics (PD) is extremely critical in the development of
effective treatment strategies against cancer. Pharmacogenomics profiling of drug metabolising enzymes
and transporters as well as variability in drug disposition and pharmacokinetics are known to constitute some
of the most important elements of inter-individual and inter-ethnic variability in drug responses. As such, most
of our work has focused on these areas, often with an emphasis on inter-ethnic variability among the different
ethnic groups in Singapore. We have also worked in close collaborations with local and international groups
on translational pharmacology projects which have yielded many significant findings. Plans are underway to
incorporate these various approaches and findings into optimising treatment safety and efficacy, which are
anticipated to pave the way for personalised medicine in our cancer patients.
Portfolio of Clinical Pharmacology Programme
Quantitative bio-analysis
Over the years, we have developed extensive
capabilities in the development and validation of
bio-analytical assays using analytical platforms
such as liquid chromatography tandem mass
spectrometry (LC-MS/MS) and high performance
liquid chromatography (HPLC).
These capabilities have enabled the generation of
concentration data in various biological matrices
for pharmacokinetics modeling, therapeutic drug
monitoring of drugs and their metabolites, as
well as quantitative determination of enzymatic
activity which play a vital role in the metabolism
of anti-cancer agents and may thus influence
treatment outcomes.

Pharmacokinetics & Pharmacodynamics (PK/
PD) modeling and simulation
We have also been extensively involved in the design
and conduct of pharmacokinetics studies, particularly
in the context of early Phase I and II clinical trials
of anti-cancer agents and drug combinations that
are conducted in collaboration with clinicians and
other researchers. We provide collaborative support
and expertise in multiple aspects of PK/PD studies,
including in-depth non-compartmental analysis with
Pheonix WinNonlin, population pharmacokinetics
modeling using NONMEM®, preclinical enzyme
kinetics, inhibition and transporter studies,
bioavailability and bioequivalence studies, as well
as in vivo characterisation of drug-drug interactions.

Practice-Oriented Programmes
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Pharmacogenomics
Pharmacogenomics tools and knowledge have been
shown to play pivotal roles in our understanding of
inter-patient variability in drug responses. We have
characterised the prevalence of polymorphisms
in candidate genes influencing the biochemical
pathways of anti-cancer agents, including
irinotecan, doxorubicin, docetaxel and tamoxifen,
and investigated their associations with the
pharmacokinetics and treatment outcomes of these
drugs in our multi-ethnic patient populations. Other
initiatives include the development and validation of
cost-effective high resolution melting (HRM) assays
for the detection of functional genomic variants as
well as pharmacogenetics-based functional studies in
in vitro and in vivo models. We also provide support
in terms of DNA extraction from various biological
matrices, DNA sequencing and pharmacogenomics
association analyses for clinical trials and other
research studies.
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Education and Training
In addition, Prof Chowbay
has also been heavily
involved in the training of
academic interns, clinicians
and clinician-scientists on
the relevance of clinical
pharmacology
in
the
management of patients,
as well as providing advice
and guidance on clinical
trial designs and grant applications pertaining to the
clinical pharmacology of drugs.
Moving towards personalised medicine, the
Laboratory of Assoc Prof Caroline Lee focuses
on understanding the genetics behind drug
response and disease susceptibility (DR/DS).
With >50,000,000 genetic variants identified in
the human genome, it remains a challenge to find
the causative variant associated with DR/DS. Her
laboratory has developed a web-based resource
that predicts variants that are potentially important
(http://pfs.nus.edu.sg) and is using this novel
resource to identify variants associated with drug
response (e.g., in colorectal patients). Using the same
resource, the laboratory also focuses on developing
a tool to identify variants associated with populationdifferences in drug response.
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In addition, our laboratory also provides the critical support and expertise necessary to effectively conduct
early phase clinical trials. Our participation ranges from concept proposal, design of the study protocol,
clinical specimen acquisition, processing, analysis and storage, to data analysis and the generation of results.
It is hoped that the patient-oriented research our laboratory is engaged in will aid in the development of
more effective strategies for the treatment of malignancies.

Research Staff:
(Left to right)
Dr Saminathan RAMASAMY,
Prof Balram CHOWBAY,
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PIYATHILAKE
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Prof Balram CHOWBAY,
PhD
Principal Pharmacologist,
Laboratory of Clinical
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Division of Medical
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ctebal@nccs.com.sg
Joint Appointments:
• Adjunct Professor,
Clinical Sciences,
Duke-NUS Graduate
Medical School
• Adjunct Professor,
School of Chemical
and Biological
Engineering, NTU
• Director, SingHealth
Clinical Pharmacology,
SingHealth
• Mentor, Talent
Development Core,
Academia Medicine
Research Institute,
Duke-NUS Graduate
Medical School

Our laboratory focuses on translational research projects aimed at improving
clinical outcomes through the optimisation of drug dosages based on
pharmacokinetics (PK) and pharmacodynamics (PD) principles, and by applying
pharmacogenomics tools and knowledge in explaining 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
polymorphisms in genes that encode drug metabolising enzymes and transporters
may lead to marked variability in the PK and PD of anti-cancer drugs.

Dose-exposure-response relationship in determining drug response (efficacy & toxicity).

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 pharmacokinetics and
pharmacodynamics 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.
Among studies currently being explored are translational studies investigating
the influence of genetic variants in modulating the pharmacokinetics of the
selective oestrogen receptor modulator tamoxifen and its metabolites in our
breast cancer patients, as well as pharmacogenetic studies of thiopurine
drugs. Other work includes pre-clinical studies that assess proof-of-concept
hypotheses. These studies mainly aim to evaluate the anti-proliferative effects
of novel drug combinations and treatment strategies in cancer cell lines. Such
studies may provide valuable information that may eventually serve as a basis
for the rational design of clinical trials in humans.

Clinical
Pharmacology

92

Practice-Oriented Programmes
National Cancer Centre Singapore I HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

Practice-Oriented Programmes
National Cancer Centre Singapore I HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

95

Selected Publications

P Saladores, et al., Tamoxifen metabolism predicts drug concentrations and outcome in premenopausal patients with
early breast cancer. Pharmacogenomics J 2015; 15:84-94.

1 Jain A, Lim C, Gan EM, Ng DZ, Ng QS, Ang MK, Takano
A, Chan KS, Tan WM, Kanesvaran R, Toh CK, Loo CM,
Hsu AA, Devanand A, Lim CH, Koong HN, Koh T, Fong
KW, Yap SP, Kim SW, Chowbay B, Oon L, Lim KH,
Lim WT, Tan EH, Tan DS. Impact of smoking and brain
metastasis on outcomes of advanced EGFR mutation lung
adenocarcinoma patients treated with first line epidermal
growth factor receptor tyrosine kinase inhibitors. PLoS One.
2015; 10(5):e0123587.
2 Tan EH, Tan DS, Li WY, Haaland B, Ang MK, Chau NM,
Toh CK, Tan IB, Koh TS, Thng CH, Chowbay B, Hui KM, Lim
WT, Ng QS. Metronomic vinorelbine (oral) in combination
with sorafenib in advanced non-small cell lung cancer. Lung
Cancer 2015; 88(3):289-296
3 P Saladores, T Murdter, D Eccles, B Chowbay, NK Zgheib,
S Winter, B Ganchev, B Eccles, S Gerty, A Tfayli, JSL
Lim, YS Yap, RCH Ng ,NS Wong, R Dent, MZ Habbal,
E Schaeffeler, M Eichelbaum, W Schroth, M Schwab, H
Brauch. Tamoxifen metabolism predicts drug concentrations
and outcome in premenopausal patients with early breast
cancer. The Pharmacogenomics J 2015; 15: 84-94.

Chew SC, et al., Pharmacogenetic effects of regulatory nuclear receptors (PXR, CAR, RXRα and HNF4α) on docetaxel
disposition in Chinese nasopharyngeal cancer patients. Eur J Clin Pharmacol 2014; 70:155-166.

4 Aung T, Ozaki M, Mizoguchi T, Allingham RR, Li Z,
Haripriya A, Nakano S, Uebe S, Harder JM, Chan AS,
Lee MC, Burdon KP, Astakhov YS, Abu-Amero KK, Zenteno
JC, Nilgün Y, Zarnowski T, Pakravan M, Safieh LA, Jia L,
Wang YX, Williams S, Paoli D, Schlottmann PG, Huang L,
Sim KS, Foo JN, Nakano M, Ikeda Y, Kumar RS, Ueno M,
Manabe S, Hayashi K, Kazama S, Ideta R, Mori Y, Miyata
K, Sugiyama K, Higashide T, Chihara E, Inoue K, Ishiko
S, Yoshida A, Yanagi M, Kiuchi Y, Aihara M, Ohashi T,
Sakurai T, Sugimoto T, Chuman H, Matsuda F, Yamashiro K,

Gotoh N, Miyake M, Astakhov SY, Osman EA, Al-Obeidan
SA, Owaidhah O, Al-Jasim L, Shahwan SA, Fogarty RA,
Leo P, Yetkin Y, Oğuz Ç, Kanavi MR, Beni AN, Yazdani
S, Akopov EL, Toh KY, Howell GR, Orr AC, Goh Y, Meah
WY, Peh SQ, Kosior-Jarecka E, Lukasik U, Krumbiegel
M, Vithana EN, Wong TY, Liu Y, Koch AE, Challa P,
Rautenbach RM, Mackey DA, Hewitt AW, Mitchell P, Wang
JJ, Ziskind A, Carmichael T, Ramakrishnan R, Narendran
K, Venkatesh R, Vijayan S, Zhao P, Chen X, GuadarramaVallejo D, Cheng CY, Perera SA, Husain R, Ho SL,
Welge-Luessen UC, Mardin C, Schloetzer-Schrehardt U,
Hillmer AM, Herms S, Moebus S, Nöthen MM, Weisschuh
N, Shetty R, Ghosh A, Teo YY, Brown MA, Lischinsky I;
Blue Mountains Eye Study GWAS Team; Wellcome Trust
Case Control Consortium 2, Crowston JG, Coote M, Zhao
B, Sang J, Zhang N, You Q, Vysochinskaya V, Founti P,
Chatzikyriakidou A, Lambropoulos A, Anastasopoulos
E, Coleman AL, Wilson MR, Rhee DJ, Kang JH, MayBolchakova I, Heegaard S, Mori K, Alward WL, Jonas JB,
Xu L, Liebmann JM, Chowbay B, Schaeffeler E, Schwab M,
Lerner F, Wang N, Yang Z, Frezzotti P, Kinoshita S, Fingert
JH, Inatani M, Tashiro K, Reis A, Edward DP, Pasquale LR,
Kubota T, Wiggs JL, Pasutto F, Topouzis F, Dubina M, Craig
JE, Yoshimura N, Sundaresan P, John SW, Ritch R, Hauser
MA, Khor CC. A common variant mapping to CACNA1A
is associated with susceptibility to exfoliation syndrome. Nat
Genet 2015; 47(4):387-392.
5 Chew SC, Lim J, Singh O, Chen X, Tan EH, Lee EJ,
Chowbay B. Pharmacogenetic effects of regulatory nuclear
receptors (PXR, CAR, RXRα and HNF4α) on docetaxel
disposition in Chinese nasopharyngeal cancer patients. Eur
J Pharmacol 2014; 70(2):155-166.

Clinical
Pharmacology

94

Emerging
Technologies
• Genomics
• Mouse Models
• Microbiome
• Imaging and Biophotonics
• Proton Therapy
• Cancer Therapeutics

Emerging Technologies
National Cancer Centre Singapore I HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

Emerging Technologies:

Genomics
By Kam Man Hui

In this post-genomics era, high-throughput, large data-generating genomics have gained prominence in
biomedical research, especially in the cancer field. Once viewed as a ‘fishing expedition’, these platforms
have now provided us with unique opportunities to identify and generate hypotheses about disease and
treatment response biomarkers, thereby facilitating our understanding of various disease and treatment
response pathways. Nearly every investigator at the NCCS employs various high-throughput genomics
technologies to develop novel biomarkers for tracking cancer prognoses as well as for assessing treatment
responses and/or elucidating the molecular mechanism(s) of the cancer-of-interest.

Genomics
Various state-of-the-art genomics platforms are
available at the NCCS, with some of them
highlighted below:
(1) The NCCS Genomic Services Unit, run as a
fee-for-service basis, is co-led by Dr Choon
Kiat Ong, Mr Cedric Ng and Prof Bin Tean
Teh. This unit currently houses and runs the
Nanostring nCounter® Analysis System, an
ideal technology for gene expression profiling
on formalin-fixed, paraffin-embedded (FFPE)
clinical samples. The unit also operates other
platforms, such as the automated QIAcube
nucleic acid extraction system and the QIAxcel
bioanalyzer system. The NCCS Genomic
Services Unit provides a one-stop service from
project consultation to nucleic acid extraction,
quality control and data production on the
Nanostring platform. In addition, the NCCS
Genomic Services Unit also helps organise
next-generation sequencing (NGS) and
analysis, including whole-genome/exome
sequencing, target-enrichment sequencing,
ChIP-sequencing,
RNA-sequencing,
and
amplicon sequencing.
(2) Two ABI3130xl Sanger Sequencing Platforms
are also available at the NCCS and remain the
workhorses for limited sequencing and for the
validation of SNPs and mutations.

(3) The Sequenom MassArray Analyser 4 at the
NCCS has been very useful for SNP genotyping,
methylation detection, and quantitative gene
expression analyses. Using this platform, NCCS
researchers have developed the “PanCarta”
panel, which interrogates ~150 known
functional mutations in 20 signalling pathways.
(4) The Affymetrix GeneChip® Instrument System,
including the GeneChip® Scanner 3700 and
a fluidics station, is routinely employed for
profiling the cancer transcriptome (Prof Kam
Mun Hui’s laboratory).
With the rapid evolution of state-of-the-art genomics
technologies, investigators within the NCCS
prudently collaborate with institutions that house
these instruments or employ the commercial services
of specific companies rather than investing heavily
in additional, high-capital cost instruments. Below
are some highlights of laboratories employing
diverse genomic platforms.
Prof Teh and Dr. Ong have employed NGS
technologies to profile the genomic landscapes
of various Asian cancers that are prevalent in the
region, such as natural killer/T-cell lymphoma,
gastric cancer, cholangiocarcinoma, upper urinary
tract urothelial cancer, and fibroepithelial tumours.
These studies have led to numerous publications
in Nature, Nature Genetics, Science Translational
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Medicine, Journal of Clinical Oncology, Cancer
Discovery, Genome Biology and Cancer Research.
Besides providing genomics-related services on a
fee-for-service basis, the NCCS Genomics Services
Unit has developed clinical applications, such
as the use of the Nanostring nCounter® Analysis
System to identify gene signatures for diagnostic
and prognostic purposes. This is in line with our
translational efforts to bring discoveries from the
bench to the bedside for the benefit of the patients.
Our set-ups have also attracted industry funding and
interest from various pharmaceutical companies to
explore different cancer types.
The laboratory of Assoc Prof Ann Lee employs
the high-throughput BioMark™ System (Fluidigm)
at the Singapore Institute for Clinical Sciences
(SICS) to develop novel biomarkers and diagnostic
tools for breast cancer. Associations between
SNPs and breast cancer risk have been identified.
Through collaboration with the Defense Science
Organisation (DSO), Singapore, and various
service providers, the laboratory has performed
amplicon sequencing and targeted re-sequencing
of the BRCA1, BRCA2 and PALB2 genes in breast
or ovarian cancer patients. Employing human
microRNA microarrays (Agilent), combined with
high-throughput RT-PCR on the Applied Biosystems
7900HT Real-Time PCR System using locked nucleic
acid (LNA) RT-PCR human miRNA panels (Exiqon),
the laboratory has also identified novel circulating
microRNA signatures that have the potential to be
used in the early detection of breast cancer.
Dr Joanne Ngeow, who returned to the NCCS
in 2014 following a 3-year post-doctoral fellowship
as the Cancer Genomic Medicine Fellow at the
Cleveland Clinic, focuses on using next-generation
sequencing to identify novel cancer susceptibility
genes for patients with rare and hereditary cancers.
Her research seeks to understand genotype–
phenotype correlations and the genetic basis for
tumour initiation in these specific cancer patients.
Novel susceptibility genes in hereditary cancers are
identified by examining entire exomes of kindreds
of interest, which are captured and sequenced
on the Illumina Hiseq2000, followed by analysis

of genetic variants against databases such as
dbSNP, ExAC 65000, SIFT and PolyPhen. Using
bioinformatics tools, e.g., ANNOVAR (Annotate
Variation), CONDEL (Consensus Deleteriousness
Score), IPA (Ingenuity Pathway Analysis),
functionally significant variants with respect to the
specific diseases are able to be prioritised and
identified. Candidate variants are then validated by
Sanger Sequencing using the ABI3130xl platform
as well as by complementary methods, such as
fluorescence in situ hybridisation (FISH), array
comparative genomic hybridisation (aCGH), and
immunohistochemistry (IHC). Confirmed variants
are functionally characterised in vitro using
overexpression and knockdown assays in standard
cell lines and/or in patient-derived lymphoblastoid
cell lines to elucidate the biological mechanisms
behind tumour initiation in these patients. Dr Ngeow
currently heads the Cancer Genetic Service at the
NCCS (See Practice - Oriented Programme for lab
details) and is the recipient of the NMRC Transition
Award 2013.
The laboratory of Assoc Prof Caroline Lee, in
collaboration with the Stanford Genome Technology
Center in USA, employs the long-read FLX-Genome
Sequencer to perform deep sequencing of the
HBV genome in hepatocellular carcinoma (HCC)
patients in order to identify novel biomarkers and
better understand the molecular mechanisms of this
cancer. The group has found a significant associated
between integration of HBV into chromosome
10 and poorly differentiated tumours (p<0.05).
Integrating expression microarray (Agilent wholegenome expression array) and microarray-based
Chromatin Immunoprecipitation (ChIP-on-chip)
with p53 antibodies using the NimbleGen 1.5-kb
promoter arrays, the laboratory has also discovered
that the viral protein, HBx, can alter p53 binding
site selectivity in the regulatory regions of genes
and influence gene expression through effecting a
PCAF-mediated “p53 Lys320 acetylation switch”.
The laboratory is also seeking to identify an miRNA
signature associated with HCC using TaqMan
MicroRNA PCR and the Applied Biosystems
7500 Fast Real-Time PCR instrument. At present,
the group is using the Illumina HiSeqTM 2000 to
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analyse the transcriptome of HCC patients in order
to interrogate HBV-associated transcripts. The
laboratory is also participating as a beta test site
for the latest 3rd generation sequencing platform,
Nanopore Sequencing, through the MinION
Access Programme.
Investigators at the NCCS will continue to explore
new, enabling genomic technologies that will
facilitate our deeper understanding of cancer
as well as expedite the development of novel
diagnostic and prognostic tools for cancer.
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Emerging Technologies:

Mouse Models
By The Hung Huynh

Animal models offer an excellent experimental platform for investigating the complex mechanisms of
tumorigenesis. Researchers at the NCCS are performing studies in mice that cover the entire spectrum: from
the initial stages of some of the most common cancers in Singapore to testing new treatment methodologies.

Currently, we have two types of animal models in
the NCCS:
(1) Genetically modified mice (GEM): the NCCS
has an elaborate collection of GEM (transgenics,
knock-outs and knock-ins) generated by several
investigators. These mice serve as pre-clinical
models of various cancers for the interrogation
of both environmental and genetic factors.
(2) Human xenografts: The human xenografts
generated at the NCCS provide a resource
of xenotumours for testing novel approaches
and innovative therapeutics, such as the
measles virus packaged in mesenchymal
stem cell (MSC) monotherapy. Currently, the
xenotransplantation protocol has been used to
generate and propagate HCC.
Based on several studies in laboratories of Prof
Kanaga Sabapathy, several GEM have been
generated to understand the relevance of the
tumour-related genes in tumorigenesis. Examples
include p53 and lymphoma and p73 and
tumour angiogenesis, among others, which have
highlighted the effect of these genetic alterations in

Mouse
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affecting therapeutic response. Prof Sabapathy is
also employing mouse models to understand liver
fibrosis and HCC formation in order to identify serum
biomarkers for the early detection and therapeutic
targeting of the disease. Prof Oi Lian Kon employs
the reverse approach, identifying biomarkers
through the Proteomics Core in gastric cancers.
In addition, Prof Kam Man Hui’s laboratory
employs established human HCC cell lines and
derives xenograft lines from independent HCC
patients for strategies relating to the development
of novel therapeutics for human HCC. Prof The
Hung Huynh uses HCC xenografts to identify new
therapies for HCC. Finally, Assoc Prof Paula Lam
uses patient-derived HCC and glioma lines to assess
therapeutic efficacy and to study the biological
properties of MSCs in the tumour microenvironment.
These examples highlight that cancer research
clearly depends on the use of animal models. The
generation of tissue-specific GEMs that express
modified genes in a tissue-dependent manner will
provide a more specific avenue with which to study
these diseases.

RESEARCHERS

Figure 1: Understanding liver
fibrosis using conditional mouse
models.
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Emerging Technologies:

Microbiome
By Prof Sven Pettersson

Our Gut microbiome - the forgotten organ
Each of us has a core community of bacterial strains that lives in and on our body — like a personal set of
microbes that remains fairly stable over decades. Moreover, in each person, this comprises approximately
1.5 kg of our body weight, which suggests that the gut microbiome is equivalent to about 10% of the total
protein or fat content in a normal human. Our microbiome is not really “something we have” but is part
of who we are, helping to define each of us, both as an individual and an ecosystem. Thus, in a holistic
view, each person should be considered as a complex ecosystem, implying that we must fulfill each of our
biochemical and biological needs to ensure survival. This view also implies that the gut microbiome may
contribute to our health by affecting numerous organ functions in the body.

How do we study gut microbiome function?
Modern host–microbiome research examines the
entire community of bacteria simultaneously, using
advanced computational, biological algorithms
and complete-genome sequencing. These studies
have revealed a glimpse of our normal microbiome.
Indeed, our microbiome is a vast collection of
symbiotic microorganisms and metabolites located
in different areas across the entire body.
The medical importance of the gut microbiome
Accumulated evidence from the past 12 years
suggests that the microbiome is directly implicated
in the etiopathogenesis of many of our lifestylerelated diseases, including obesity, diabetes
atherosclerosis, inflammatory bowel disease,
and Rheumatoid arthritis. Furthermore, as the gut
microbiome can also influence drug metabolism,
drug toxicity and dietary calorific bioavailability,
there is an imminent need to undertake quantitative
analyses of the gut microbiome and its activities.
Such investigations will pave the way for the
generation of personalised healthcare strategies
and for the potential generation of novel therapeutic
drug targets. Hence, the way forward to unravel
the complex interactions between the microbiome
and its host will be strong consortia, comprising
multidisciplinary teams with the capacity for
combining microbial phenotyping, metabolic
profiling, state-of-the-art cell and molecular
biological techniques, and validation in animal
models in conjunction with clinical expertise.

The NTU-NCCS microbiome–cancer project
Microbiome and cancer
Previous studies have shown that Helicobacter pylori
can cause gastric cancer and mucosa-associated
lymphoid tissue (MALT) lymphoma, whereas
Salmonella typhi infections are associated with
gallbladder cancers. With regard to the development
of colorectal cancer, confounding factors, such as
diet and lifestyle, have been suggested; although
new reports are emerging to suggest a possible
microbial link as well. Furthermore, a recent study
also suggests a link between the gut microbiota and
liver cancer. Although the underlying molecular
mechanisms are still unknown, their detailed studies
indicate that liver cells—consistent with an “old
cell”—are able to promote chemical signals that
promote inflammation and, thus, encourage tumour
development. Interestingly, when mice were served
a cocktail of four antibiotics, to “prune” the animals’
microbiomes, this treatment lowered the number of
“old cells”, suggesting that microbes were indeed to
blame for promoting cancer. Despite the differences
between mice and humans, it is nevertheless a first
glimpse at what the gut microbiome is capable of
when exposed to a high-fat/high caloric diet.
In collaboration with Prof Pierce Chow, CoDirector of the Comprehensive Liver Cancer Clinic at
the NCCS, a microbiome–liver cancer programme
has been initiated. Working also with Prof Walter
Wahli from the Lee Kong Chian School of Medicine
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(LKC), the programme encompasses a systems
biology approach to studying the inter-organ
communication that leads to fatty liver disease, liver
cirrhosis and, eventually, liver cancer. The project
aims to undertake microbiome profiling before and
after cholecystectomy in patients with and without
fatty liver disease. A much larger study that will
follow patients for many years, aims to elucidate the
relationship among the microbiome, the liver and
the ensuing cancer development.
Microbiome–Host interactions
Microbe–Host interactions are as diverse as the
organisms involved and can be accidental or
obligatory; yet, the outcome follows a simple rule:
health or disease. Although the “one-pathogen,
one-disease” perspective has been studied ever
since the discovery of bacteria, less work has
been undertaken to understand how the resident,
nonpathogenic microbiota affects host development
and function. Over the past 15 years, however,
there has been an explosion of research in the
field of microbiota–host interactions, which has
generated interesting new perspectives and ideas
on our current understanding of the field.
GWAS studies and the “holobiont” model
Microbes coexist in all living organisms in a
symbiotic fashion. This symbiotic partnership has
been dubbed the “holobiont”, which describes how
the host genome and its products exist together with
the microbiome (its genes and metabolites), sharing
biological and biochemical needs. Consequently,
when a holobiont is challenged by drastic
alterations in dietary intake, reduced exercise or
following disease, it employs adaptive mechanisms
to handle the new stress encountered. This hostmediated response will always involve and engage
the microbiome. It follows that effective studies of
the holobiont requires a systems biology approach;
studying one component of the holobiont in
reductionist style means that other parts that are
also potentially altered will be overlooked. Indeed,
GWAS research over the past 15 years, aimed
at understanding the mechanisms responsible for
many of the lifestyle-related diseases, including
cancer, has, with few exceptions, failed to consider
the holobiont perspective and, consequently,
changes within the microbiome.

Understanding holobiont physiology
Previous microbiome–host relationship research has
revealed the existence of highly dynamic interactions
that massively influence organ development,
maturation and function related to the health of
the host. Consequently, and not surprisingly our
indigenous microbiome has been reported to be
associated with many of our current lifestyle-related
diseases, such as diabetes, obesity, cardiovascular
diseases and cancer. This new perspective is a
paradigm shift leading away from the conventional
“one-microbe, one-disease” theory of infection to
a systems biology line of thinking that involves the
complex interplay of massive microbiome–host
interactions and host physiology during health
and disease throughout life. That is, if we are to
be successful in our initiative toward personalised
healthcare strategies and the development of new
drug targets, a systems biology approach must
be undertaken, incorporating the microbiome and
Holobiont perspective.
Ongoing R&D in this field includes epidemiological
and “omics” approaches, which seek to understand
the holobiont physiology in humans; however,
these studies must be complemented by a more
mechanistic-orientated approach through the use of
animal models. Aside from the well-known genetic
modification approach to studying the development
of disease and cancer, there is increasing interest
in the use of animals in which the microbiome
has been removed. In such a system, mice are
maintained in an environment that is completely
devoid of bacteria; i.e., the use of germ-free mice.
The Singapore germ-free mouse facility: A joint
LKC/NCCS discovery platform
Unlike animals exposed to bacteria (specific
pathogen-free, SPF), which are predominantly
colonised with maternal microbes, germ-free (GF)
animals are born or hatched under germ-free
conditions and remain this way throughout their
lifespan. SPF animals can also be made germ-free
through a process known as rederivation through
caesarean section or embryo transfer. Using
GF technology, one can generate a simplified
ecosystem that is colonised with specific microbiota,
permitting an exact evaluation of the interactions
between the microbiome and its host. Moreover,
this system can be further exploited by dietary-
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Figure 1

or chemical-induced stress interventions to study
microbiome–host interactions. The use of ex vivo tissue
organoids, where the tissue has never been exposed
to microbes, offers another interesting approach
for studying gene–environmental interactions. This
also includes screening of new drugs. For example,
to clarify cause/effect relationships in human
disease, GF animals may be colonised with human
microbiome samples and subsequently exposed to
various chemicals, diet or drugs of interest. Such
an approach is highly relevant, with accumulated
data demonstrating a strong association between
perturbations within the gut microbiome composition
and the effects on host metabolism in health and
in disease. The ongoing joint R&D programme,
engaging investigators from the NCCS and the
LKC, is exploiting this unique experimental platform
to investigate the causal relationship between the
microbiome and the host with regard to fatty liver,
liver cancer and colon cancer.
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Emerging Technologies:

Imaging & Biophotonics
By Choon Hua Thng and Patricia Thong

Biophotonic techniques continue to play important roles in clinical cancer diagnosis and cancer treatment
and are also integral tools in many research projects. The imaging and biophotonic technology platforms
available at the NCCS range from basic and animal systems for research to state-of-the-art facilities for
clinical applications. They also provide technology platforms for innovation in our disease programmes, as
we apply emerging biophotonic technologies to cancer diagnosis and therapy, from basic to translation to
clinical studies.

In vivo bioluminescence and fluorescence
imaging has become a useful tool in basic and
translational research. In cancer gene therapy,
oncolytic viruses are emerging to be a promising
strategy for the treatment of human cancers. These
viruses are engineered to efficiently kill tumour but
not normal cells. They are less prone to common
clinical issues such as tumour cell heterogeneity
and drug resistance. In addition, the anti-tumoural
responses of oncolytic viruses can be augmented in
the presence of radiation, chemotherapy or other

adjuvant agents. In Assoc Prof Paula Lam’s lab,
the luciferase reporter gene is transcriptionally
regulated in a proliferative-dependent manner in
the context of an oncolytic virus. As a consequence,
the replicative potential of the virus (i.e., luciferase
activities; Figure 1, bottom panel) can now be
monitored in real time fashion as the tumour cells
proliferate in the animals (i.e. red fluorescence;
Figure 1, top panel). Such dual-colour tracking
system is particularly useful in assessing therapeutic
efficacy in preclinical mouse cancer models.

The research group led by Prof Khee Chee Soo
focuses on translating biophotonic techniques
for optical diagnosis and photodynamic therapy
of cancer. Fluorescence diagnostic imaging is a
promising complementary technique for oral cancer
diagnosis. Compared with white light endoscopy,
fluorescence endoscopy using hypericin (a plantbased photosensitizer) yielded over 90% higher
sensitivity and specificity in a pilot clinical trial.
Figure 2 shows increasing fluorescence from (a)
normal to (b) hyperplastic to (c) cancerous tongue
tissue. This technique has been further developed
into a real-time fluorescence imaging system that can
be used for image-guided procedures in the clinical
setting. A preclinical study showed that virosomes
tagged with anti-EGFR antibody and encapsulating
a photosensitiser can be used as a drug delivery
system to target oral lesions for a fluorescencebased diagnosis of oral cancer. The use of optical
spectroscopy with principal component analysis
holds promise as a drug-free approach to diagnose
oral lesions. The results from a pilot clinical trial
showed separate clustering of lesion versus normal
tissue in a 3D plot that can potentially be developed
into a model for the diagnosis of oral lesions.
Another promising approach in development for
oral cancer diagnosis is to use Surface Enhanced
Raman Spectroscopy to detect biomarkers in the
saliva of oral cancer patients.
Photodynamic Therapy (PDT) is an alternative
cancer treatment modality that works through the
interaction of a photosensitive drug, light, and
tissue oxygen levels to eradicate tumours. Figure

Figure 1: Luciferase activities
monitored in real time in vivo
in animal models.

Figure 2: White light (top
panel) and corresponding
fluorescence (bottom panel)
images of (a) normal,
(b) hyperplastic and (c)
cancerous tongue. Increased
fluorescence emission from
abnormal
tissue
forms
the basis for fluorescence
diagnostic imaging of oral
lesions.

Figure 3: PDT of the oral cavity being carried out in a
hospital ward.
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3 shows PDT of the oral cavity being carried out
in a hospital ward. Prof Soo’s team is conducting
laboratory -based basic research to optimise PDT
treatment parameters to pave the way for a clinical
trial. In order to improve treatment outcomes,
the group is studying the use of anti-angiogenic
agents in combination with PDT to inhibit PDTinduced angiogenesis. In order to optimise the
PDT regime and improve treatment outcome, Dr
Patricia Thong and collaborators from NTU have
developed a prototype spectroscopy-based system
for the non-invasive monitoring of tumour responses
following PDT. In a new approach to PDT, a novel
near infrared (NIR)-PDT technique, which can
harness the deeper penetration power of NIR light
to treat deep-seated tumours, is being developed in
collaboration with NUS.
Assoc Prof Choon Hua Thng of the Division of
Oncologic Imaging and his team (Dr Quan Sing
Ng and Dr Tong San Koh) conduct studies involving
the use of Dynamic Contrast-Enhanced Magnetic
Resonance Imaging (DCE MRI) in animals and
humans to study angiogenesis and other properties
of the microenvironment. The human studies are
led by Dr Ng of the Division of Medical Oncology.
He is currently incorporating DCE MRI into clinical
trials involving anti-angiogenic agents. The team
currently have four active studies and hope that DCE
MRI will be able to serve as a predictive biomarker
for anti-angiogenic therapy. If successful, the team
hopes to impact healthcare by using DCE MRI as a
biomarker to select patients who are candidates for
anti-angiogenic therapy (stratified medicine) while
removing patients early from this expensive therapy
if the treatment is not working. Assoc Prof Thng has
also applied his methodology back to the bench
to study the microenvironment in human cancers
growing in mice.
Extending their study of the microenvironment, Dr
Koh has developed a novel method (Gadolinium
Diffusivity) to study nutrient and drug delivery to
the high-pressure central region of the cancer mass.
The model of tumour circulation invented by Dr
Koh is superior to existing models in predicting the
outcome of colorectal cancer, as recently shown
in a study conducted in collaboration with King’s
College, London. Dr Koh’s expertise in modelling
the microcirculation has also been applicable to
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Figure 4: Images from a 33-year-old male with soft palate diffuse large cell lymphoma (DLBCL) of the right soft palate
and destruction of the medial wall of the right maxilla. (a) Axial turbo inversion recovery magnitude (TIRM) of the
neck shows a T2 hyper-intense soft palate tumour. (b) Axial diffusion-weighted imaging (DWI) (b value, 800 s/mm2)
shows a corresponding hyper-intense mass and (c) apparent diffusion coefficient (ADC) map shows a tumour with
restricted diffusion. Positron Emission Tomography-Computed Tomography (PET-CT) scan performed on next day with
fused PET-CT image (d) and noncontrast-enhanced computed tomography (NECT) image (e) confirmed the presence of
the corresponding soft palate tumour with fluorodeoxyglucose (FDG) uptake.

the treatment of cirrhotic livers. In collaboration
with the Department of Gastroenterology, SGH,
preliminary data have shown that this model can
discriminate among subtle grades of liver fibrosis.
He is currently working on modelling dynamic
positron emission tomography (PET) data in animals
to improve our understanding of PET tracer delivery
in the interrogation of biological images.
Dr Ng’s group is also involved in a Phase I doseescalation trial of the nitric oxide synthase (NOS)
inhibitor, L-NG Nitroarginine (L-NNA), a new
class of therapeutics currently being evaluated for
the treatment of cancer. In parallel, the group is
evaluating the activation of proteins known to be
stimulated in patients before and after treatment
with L-NNA as potential biomarkers. Biomarker
studies will be conducted using multi-parametric
functional imaging to evaluate the anti-vascular
effects of the drug. Conventional MRI examinations
provide an excellent anatomical assessment of the
tumour, allowing for more accurate staging. Multiparametric functional MRI (fMRI) also facilitates
the quantitative assessment of tumour biological
function, including vascularity, hypoxia, and
cellularity, in addition to standard morphological
evaluation. The advantage of fMRI as a biomarker
is its ability to provide a real-time snapshot of in vivo
tumour biology in a relatively non-invasive manner.
In collaboration with the Royal Marsden Hospital, UK,
Dr Ng and team are conducting a parallel Cancer
Research UK-funded prospective clinical trial evaluating

the role of diffusion-weighted MRI as a biomarker to
predict response to anti-angiogenic therapy in patients
with renal cell carcinoma. The group aims to detect
changes in MRI measurements within the first cycle of
treatment, and potentially identify patients who may or
may not respond to treatment.
In a study led by Dr Jin Wei Kwek (Division of
Oncologic Imaging), whole body MRI, including
diffusion-weighted imaging (DWI), is being
investigated as a modality to assess lymphoma
patients for staging and to evaluate patient
responses to treatment as compared with PETComputed Tomography (PET-CT). This study
is supported by a Singapore Cancer Society
Cancer Research Grant and aims to explore the
efficacy of this radiation-free modality for imaging
lymphoma. The group have established imaging
protocols that allow patients to complete wholebody MRI with DWI examinations comfortably.
Nine patients have been scanned to date. The
initial image quality was good and the data was
recently presented as an Electronic Educational
Poster in The 99th RSNA (Radiological Society
of North America) Annual Scientific Meeting in
Chicago, USA. The presentation, entitled “Whole
Body MRI in Oncological Patients - A Primer” won
an Educational Poster Merit Award.
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guided Focused Ultrasound (MRgFUS) as a focal
therapy for low-risk early prostate cancer. Enrolled
patients are assessed for eligibility by undergoing
ultrasound-guided transperineal stereotactic mapping
biopsy, performed using the BioXbot® device, an
ultrasound-based robotic control system for monitored
positioning of the biopsy needle in the prostate.
The prerequisite for MR-guided therapy is accurate
staging of the prostate cancer as well as detection
and localisation of the tumour foci within the prostate
gland. The addition of multi-parametric MRI to
traditional anatomical MRI improves staging and
increases the rate of detection of tumour foci in the
prostate gland. Multi-parametric MRI consists of three
functional imaging sequences: diffusion-weighted
imaging, MR proton spectroscopy and DCE MRI.
Proton MR spectroscopy is used to measure the levels
of different metabolites in body tissues.
The examples listed above demonstrate our continuing
application of emerging biophotonic technologies to
cancer diagnosis and therapy, from basic to clinical
studies, particularly in the liver, lymphoma and head
and neck signature disease programmes.
trials involving anti-angiogenic agents. The team
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The translation of cutting-edge technology into clinical
trials of novel cancer therapy is another major goal of
research at the NCCS. Dr Kwek and his team have a
programme to develop Magnetic Resonance Imaging-
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Emerging Technologies:

Proton Therapy
By Michael Wang

The NCCS plans to set up a state-of-the-art proton therapy facility within its new building in the Outram
Campus in 2020. This will make the NCCS and Singapore the first to offer proton therapy in South-east Asia.
Proton therapy is a form of particle therapy that employs a beam of protons to treat diseased tissue through
an advanced type of radiation treatment. The procedure is gaining wide prominence globally, particularly
for the treatment of cancer. The first hospital-based proton therapy facility started operations in 1991 at
Loma Linda University Medical Center (LLUMC), California, USA. It remains one of the most comprehensive
centres, having treated approximately 13,000 patients since its inception, and 1000 patients annually. As at
December 2013, more than 105,000 patients have been treated with proton therapy in 40 proton therapy
centres operating in 15 countries in North America, Europe, Asia and Africa. Asian countries offering this
treatment include Japan, South Korea, China and Taiwan. In the next 5 years, it is estimated that there will
be at least 60 proton therapy centres worldwide.

Key to the proton is its physical property known
as the ‘Bragg Peak’. As the proton beam traverses
the tissue, its energy is characterised by a low
entrance dose, a burst-release of energy at the
end of its path, and the absence of an exit dose.
This physical characteristic allows for a degree of
‘dose conformation’ to the tumour-bearing tissue
that cannot be obtained with conventional X-ray
therapy. In other words, the energy of the proton
beam can be controlled to precisely release the
cell-killing energy directly into the tumour, avoiding
penetration to the surrounding healthy tissue.
Furthermore, a specific target region within a tissue
can be covered through the use of proton beams
of different energies, which would form a spreadout Bragg Peak (SOBP), again, with minimal
exposure to the nearby healthy tissues. This reduced
exposure to healthy tissues significantly reduces the
side-effects seen with general radiation therapy,
particularly the long-term adverse effects.
For over a century, X-ray therapy has been the
predominant form of radiation treatment for cancer
patients. Technical advancements have been made
in the application and delivery of X-ray therapy
to improve its use as both curative and palliative
treatments for cancer sufferers. It is still a very
important form of treatment and will remain so

well into the future. What is exciting about proton
therapy is that it extends our ability to target cancers
accurately and reduce the collateral damage to
normal tissues, beyond what is achievable with
X-rays. This ability to reduce complications gives
radiation oncologists the opportunity to increase
radiation doses beyond what is currently safe
and do so in a carefully considered way, with the
potential to improve rates of tumour control. This
theoretically allows a significant improvement in
clinical outcomes. In addition, as compared with
conventional X-rays, there is still a lot of research
and developmental potential for proton therapy.
The excellent radiation dose distribution of protons
makes this procedure a model of choice in clinical
studies that are designed to improve therapeutic
outcome, especially in tumours where local control
with conventional treatment regimens has proven
suboptimal. Earlier work with proton therapy
involved the treatment of ‘difficult’ tumours, such
as choroidal (eye) melanomas as well as base
of the skull and cervical spine chordomas and
chondrosarcomas, where doses achieved with
X-rays were often limited by the proximity of the
target region to radiation-sensitive, normal tissues.
In these cases, excellent dose distributions and
results have been achieved with proton therapy.
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Besides adult tumours, proton therapy is
increasingly being used in the treatment of
paediatric malignancies. Some of these tumours
include skull-base, spinal and paraspinal
tumours,
medulloblastomas,
parameningeal
rhabdomyosarcomas, retinoblastomas, pelvic
sarcomas, and central optic pathway and low-grade
gliomas. With advances in medical technology in
recent years, cure rates for childhood malignancies
have increased. Radiation therapy has played
a major role in the treatment of children with
cancers. With children surviving longer as a result
of modern medicine, reducing the later effects of
radiation therapy is now of paramount importance.
Considering that paediatric tissues are particularly
sensitive to radiation, the reduced integral dose
of radiation at the entrance and exit paths of the
proton beam has resulted in a reduction in both
acute and, more importantly, long-term morbidity,
such as growth retardation, neurocognitive
changes, and hormonal disturbances. In particular,
achieving a reduction in the proportion of normal
tissues receiving low doses of radiation is even
more important when one considers that secondary
cancers are known to arise within these regions
as a late consequence of radiation exposure,
often referred to as radiation-induced secondary
malignancies. This is especially relevant when the
patient is cured of the primary cancer. The risk of
secondary cancers from childhood radiotherapy
is 3% to 5%. It is estimated that this risk may be
reduced by 2 to 15 times with proton therapy.
Managing fewer long-term treatment complications
in children also translates to a significant cost benefit
for the healthcare system.
The fact that proton beams exhibit clearly superior
dose distributions over X-rays means that proton
therapy is suitable and effective for the treatment of
a wide spectrum of cancers. Proton therapy has also
been used to treat cancers such as hepatocellular
carcinoma (HCC), head and neck tumours including
nasopharyngeal carcinoma (NPC), prostate and
lung cancers. Although practically every tumour
site can be treated with proton therapy, not all
patients will require it in place of X-ray therapy.
Most conditions can still be treated optimally with
the current conventional X-ray equipment capable
of delivering Intensity Modulated Radiation
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Therapy (IMRT), Image Guided Radiation Therapy
(IGRT) and Stereotactic Radiation Therapy (SRT).
Randomised trials comparing proton therapy
against X-ray therapy have been difficult to design
because of the clear physical advantages of proton
beams. There is published data in a range of clinical
situations showing that proton therapy is more
effective than the best conventional treatments,
including surgery and X-ray therapy. This advantage
is clearly demonstrated in several meta-analyses
and comparatively in numerous single- and multicentre studies. Besides the aforementioned tumours,
the effectiveness of proton therapy has been
extended to brain tumours, oesophageal cancer
and intra-abdominal and intra-pelvic tumours.
Locally recurrent head and neck and rectal cancers
can also be successfully re-irradiated with proton
therapy.
The potential cost effectiveness of proton therapy
has been estimated for various cancer sub-sites.
A well-known study on medulloblastoma using
a simulation model showed that proton therapy
was associated with substantial cost savings and
additional quality-adjusted life years (QALYs) per
patient. Reductions in IQ loss and growth hormone
deficiency contributed greatest to these cost
savings. Studies also anticipate that there will be
a decrease in cardiac morbidity and death in leftsided breast cancer patients with proton therapy,
because of the decrease in integral radiation doses
to the heart and lungs.
A modern-day proton therapy facility consists of
multiple treatment gantries powered by a setup
consisting of a single accelerator and a beam
transport system. The proton beam is delivered to
the patient using either beam scattering techniques
coupled with beam shapers or beam scanning
techniques capable of dose painting, which is
similar to IMRT. Technological advancements have
also seen the development of compact multi-gantries
and miniaturised single gantry units powered by
smaller cyclotrons. As an integral part of cancer
treatment, most proton centres are situated within
comprehensive cancer treatment facilities. This colocation allows proton therapy to be administered
with chemotherapy and in strategies combining
proton with X-ray therapy.
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In the interim report of cancer incidence by the
Singapore Cancer Registry, there is an observed
increase in the incidence of most cancers, with
colorectal, lung and breast cancers remaining the
three most common cancers in the population. Also
featuring prominently in the list are nasopharyngeal
carcinoma and hepatocellular carcinoma, which are
endemic and peculiar to this region. These tumours,
although challenging, are commonly treated using
proton therapy in Asian centres. With the Outram
Campus being a nexus for four National Centres as
well as four Surgical Centres of Excellence, a highthroughput of such patients is seen at the NCCS.
Our close links to the Paediatric Oncology service
at KK Women’s and Children’s Hospital (KKWCH)
gives the NCCS the opportunity to treat a significant
number of paediatric patients with tumours.
In summary, the inception of the NCCS’ proton
therapy facility will enable us to embark on research
into the following key aspects of radiation therapy:
• Proton physics
• Radiobiology
• Translational research
• Prospective data collection of all patients treated
with proton therapy
• Prospective trials of combined modality proton
therapy
• Prospective randomised trials of proton and
photon therapy
With the addition of proton therapy to our stable of
treatments, which we can offer to cancer sufferers,
we will contribute to the continual research and
improved outcomes for the treatment of this dreaded
disease in Singapore.
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Emerging Technologies:

Cancer Therapeutics
By Han Chong Toh and Oi Lian Kon

Screening programmes, better diagnostic sensitivity, and biomarker-guided precision oncology have
improved the outlook for several types of cancer, such as breast, colorectal and prostate. However, these
advances have not been achieved in all cancers. Advanced hepatocellular carcinoma (HCC) and drug
resistant cancers continue to be therapeutic challenges that reduce patient survival. Against this backdrop,
several 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 immunotherapy strategies since 2002 to treat solid tumours, such as colorectal cancer and
nasopharyngeal carcinoma (NPC), achieving encouraging results. 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 advanced
NPC patients. Assoc Prof Paula Lam is pioneering cancer gene therapy by exploiting the biology of
Herpes simplex viral vectors, an approach that could be useful in treating advanced HCC. She is also
using these vectors to transduce bone marrow-derived mesenchymal cells, which could be used to deliver
therapeutic genes to cancer cells. Prof Oi Lian Kon and collaborators are investigating mitochondrial anticancer 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 regulatory mechanisms specific
to different Raf kinases and causes of resistance to Raf or MEK (mitogen-activated protein kinase kinase)
inhibitors as a basis for rationally designed targeted therapies.

Immunotherapy of Solid Cancers
The immune system identifies and destroys foreign
intruders by discriminating ‘self’ from ‘non-self’
antigens. Although cancer cells originate from
patients’ own cells, they may be recognised as
foreign and be attacked by the immune system due to
expression of tumour-associated antigens (TAA) that
are not normally expressed by normal cells. These
antigens may be viral antigens in virus-associated
cancers, such as nasopharyngeal carcinoma, or ‘self’
antigens, such as the family of cancer/testis antigens,
the expression of which is restricted to the germ cells
and several cancers, including colorectal cancer 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 organ transplant patients who
receive immune-suppressive drugs. The rationale for
targeted cancer immunotherapy is thus to induce
or boost such anti-TAA immune response in these
patients, with the main aim to activate and expand
TAA-specific cytotoxic T lymphocytes (CTLs) that kill

tumour cells that are expressing the tumour antigen
in question. Such therapeutic intervention could be
in the form of 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 attained encouraging results in their
clinical trials on cellular immunotherapy strategies
for treating solid tumours, such as colorectal
cancer and nasopharyngeal carcinoma (NPC).
The immunotherapy clinical trials that had been
completed in the NCCS include:
1. A Phase II trial of non-myeloablative blood
stem cell transplantation +/- delayed donor
lymphocyte infusion therapy for 21 refractory
Stage IV NPC patients. The aim of this trial
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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%.
2. In collaboration with Dandrit Biotech A/S
(Denmark), a Phase II clinical trial was
conducted in 2005-2006 for an allogeneic
tumour cell lysate-pulsed autologous dendritic
cell (DC) cancer vaccine (MelCancerVac®) in
20 advanced colorectal cancer patients. The
result showed a clinical benefit rate of 40% (1 PR
and 7 SD), with two patients achieving long-term
(>5 years) disease control.
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 EpsteinBarr 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%.
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embarked on an ambitious project of conducting
a multi-centre randomised Phase III 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 and USA, following the successful
clinical trial license application to Singapore's
Health Science Authority (HSA), Malaysia's
National Pharmaceutical Control Bureau (NPCB)
and the US Food and Drug Administration (US
FDA). Assoc Prof Toh is the lead PI, with the NCCS
as the principal site and the scientific team providing
technical support to all sites. Active recruitment of
eligible patients was initiated in July 2014, and
the last patient for this clinical trial is expected
to be recruited in the second quarter of 2017. To
date (July 2015), this project is in its final stage of
planning for Taiwan, and currently in the processes
to obtain clinical trial license approval from the
Taiwan FDA. Additional participating sites within
this region (such as Thailand and Vietnam) are also
currently being explored.

4. In a second partnership with 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 3 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.

Another immunotherapy clinical trial that is
currently underway in the NCCS is a Phase I Adsig-hMUC-1/ecdCD40L cancer vaccine trial in
collaboration with Prof Albert Deisseroth of the US
FDA. This is a vector-based cancer vaccine, and it is
hoped that the vaccine will induce an anti-MUC-1
immune response in cancer patients whose tumours
express the MUC-1 antigen, which is commonly
over-expressed in several cancers, including lung,
breast, colon, ovary and prostate cancers. This
trial was commenced in September 2014 and the
last patient recruitment is expected to be before
December 2015. If the objective of safety is met
in this phase I clinical trial, a second, 12-subject
trial may follow (under a separate protocol and
consent) with the addition of two subcutaneous
hMUC-1/ecdCD40L protein boost injections in
addition to the Ad-sig-hMUC-1/ecdCD40L vaccine
vector injection; this second trial is hoped to provide
further insight into the clinical effectiveness of this
cancer vaccine.

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

The additional advantages of immunotherapy,
particularly those strategies that utilise autologous
(patients’ own) immune cells, are the good safety
profile and high tolerability observed by the
patients. The most common side effects are mild,
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such as mild fever and chills, and local injection site
redness, itchiness or pain. Fever and chills may be
treated with paracetamol, whereas local injection
site inflammation usually resolves spontaneously
after 48 hours. Although some patients may show
haematological or liver function test abnormalities
during treatment, no cases of organ failure have
been reported. The safety record of immunotherapy
is echoed in the above clinical studies in the NCCS:
No severe Grade 3 and 4 toxicities related to these
immunotherapies have been observed.
Besides the strategies adopted in the clinical studies
mentioned above, which are mainly aimed at
activating effective adaptive immune responses,
strategies involving the activation of innate immunity
in cancer patients may also be efficacious. Assoc
Prof Toh and his scientific team are actively
investigating such potential immunotherapeutic
strategies. These include pre-clinical studies to
determine the potential of adopting patient-derived
invariant natural kill cells (iNKT) and 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.
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 anti-tumour immune
cells to function. One such strategy that has shown
very promising results in several recent trials is the
use of ‘checkpoint inhibitors’. These immunological
therapeutics are antibodies that work by targeting
molecules that serve as checks and balances in
the regulation of immune responses. By blocking
inhibitory molecules, these treatments are designed to
unleash or enhance pre-existing anti-cancer immune
responses. Examples of these ‘checkpoint inhibitors’
that have already been 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 BristolMyers Squibb). Led by the NCCS, a collaborative

team of scientists from several institutions, including
the Institute of Molecular and Cell Biology (IMCB),
Singapore, and SingHealth Academia, Singapore,
as well as industrial partners, is being formed to
study the immune microenvironment within solid
tumours that are prevalent in this region, such as
HCC and NPC, and to investigate the possibility of
developing novel new therapeutics that target the
tumour microenvironment.

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

Figure 2: Colonies of activated and proliferating EpsteinBarr virus (EBV)-specific T cells in culture.

Cancer Gene Therapy
We are interested in the development of viral vectors,
in particular, the herpes simplex virus type 1 (HSV-1)
viral vectors for cancer gene therapy. These vectors
may be oncolytic (Lv M, et al. 2014) or replicationdefective (Sia KC, et al. 2013). At least six different
strains of oncolytic herpes simplex viruses (oHSVs)
have undergone clinical trials worldwide. The
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advantages of these vectors include the ability to
infect a broad range of mammalian cells, and the
large DNA insert capacity. In addition, its antitumoural response is augmented in the presence of
DNA damaging agents. Hence, these vectors are
less prone to tumour resistance and heterogeneity
because of their direct killing mechanism. Moreover,
their safety profile is enhanced with the availability
of several anti-HSV-1 drugs. We capitalised on the
proliferative property of cancer cells and developed
a transcriptional targeted strategy in a replicationdefective virus vector whereby the transcription of
the therapeutic gene is only activated in rapidly
proliferating cells. The specificity of the vector is
improved with the aid of cell-type specific promoters
and/or tumour-specific peptides incorporated into
the viral envelope coat. Further, therapeutic genes,
such as TRAIL or cytosine deaminase, can be fused
with the luciferase reporter gene to better study the
regulation and functionality of these viral vectors in
animal models. This improvement has enabled us to
understand how therapeutic modalities are activated
in vivo, and could provide a more precise prediction
of the efficacy of these vectors in clinical trials.
Whereas ongoing research aims to generate and
characterise viral vectors for cancer therapy, we
are also keen to study the tumour tropic properties
of human bone marrow-derived mesenchymal stem
cells (MSCs) and their potential interaction with
tumour cells. We are the first group to show that
MSCs can be readily infected with HSV-1 vectors,
with no alterations to the intrinsic properties of
the MSCs. Thus, these cells could be genetically
engineered to express therapeutic genes and
serve as targeted cellular vehicles for the treatment
of human cancers. In the process of unravelling
the signalling cues that direct MSC migration
toward tumours, we have found that not all MSCs
exhibit similar migratory activities, and that tumour
activity is dependent on the action of matrix
metalloproteinase (MMP)-1 and its crosstalk with
other signalling pathways, including the stromalderived growth factor 1/C-X-C chemokine receptor
4 axis. Co-culture of these cells could mediate an
anti-tumoural effect through down-regulation of
the platelet-derived growth factor (PDGF)/PDGF
receptor axis, which is known to play a key role
in glioma angiogenesis (Ho IAW, et al. 2013). The
gain in knowledge regarding how MSCs migrate
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towards tumours and interact with tumour cells
will allow us to develop better therapeutics for the
treatment of human cancers.
Mitochondrial Drug Delivery
A majority of patients whose non-small cell lung
cancers harbour activating EGFR mutations respond
initially to EGFR kinase inhibitors but inevitably
become drug resistant. A subset of such resistant
cancers is characterised by MET amplification
and overexpression, which is presumed to provide
an oncogenic bypass pathway. MET localises to
mitochondria especially in high MET-expressing
cancer cells (Guo T, et al. 2010). Mitochondria
could be a sanctuary that shields a large component
of total intracellular MET from kinase inhibitors.
This may explain the failure of small-molecule MET
kinase inhibitors in numerous clinical trials, as the
chemical structures of these drugs are not designed
for mitochondrial penetration. To this end, PHA665752 has been chemically modified with the
delocalised lipophilic cation, triphenylphosphonium
(TPP), to achieve mitochondrial drug delivery.
Mitochondrial uptake of delocalised lipophilic
cations is energetically favoured mainly because
of the high transmembrane potential across the
inner mitochondrial membrane. TPP conjugates
have been used to achieve high intramitochondrial
levels of non-cancer drugs (Smith RAJ, et al. 2012)
but have not been used to modify receptor tyrosine
kinase inhibitors, probably because mitochondrial
localisation of oncogenic protein kinases is not
widely recognised. Although PHA-665752-TPP is
less active in inhibiting MET autophosphorylation
(Y1234/Y1235), it is more apoptogenic than the
parent drug and modestly more cytotoxic in the
erlotinib-resistant, high MET-expressing lung cancer
cell line, HCC827. PHA-665752-TPP also inhibits
EGFR phosphorylation more than the parent drug
in the same cell line. Future work will pursue three
related approaches for mitochondrial delivery
of MET kinase inhibitors to EGFR kinase-resistant
lung cancer cells. First, TPP-modified crizotinib and
foretinib will be synthesised and characterised for
their pharmacodynamic properties and cytotoxic
potency. Second, TPP-functionalised nanocarriers
will be prepared as vehicles to deliver unmodified
MET kinase inhibitors to mitochondria. Third, an
inert TPP-pro-drug construct will be designed to
release two drugs—cisplatin and a MET kinase
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inhibitor—upon intracellular reduction (Dhar S, et
al. 2008; Yoong SL, et al. 2014). Mitochondria
do not have the full repertoire of DNA damage
repair mechanisms. Thus, inducing DNA damage
in a critical organelle combined with inhibiting
the activity of the MET oncoprotein may achieve
useful therapeutic synergy. Moreover, targeting
mitochondria effectively could achieve rapid
cell death and thereby prevent the evolution of
additional escape and tumour survival mechanisms.
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Drug Design for Ras/Raf-induced Cancers
The Ras/Raf/MEK/ERK (extracellular signalregulated 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 in
various types of human cancers.

Table 1: Hyperactive Ras/Raf/MEK/ERK Signalling in Cancers
Genetic Alteration
EGFR

Cancers

Overexpression

Colorectal cancer (30% to 50%)
Pancreatic cancer (30% to 90%)
NSCLC (20% to 30%)
Glioblastoma (-40%)
Breast cancer (HER2, 20% to 25%)

Mutation

NSCLC (-20%)
Glioblastoma (-20%)

Ras Mutation

Pancreatic cancer (Kras, -60%)
Colon cancer (Kras, -35%)
Biliary tract cancer (Kras, -30%)
Lung cancer (Kras, -20%)
Melanoma (Nras, -20%)
Thyroid cancer (Nras, 10-20%)

BRAF Mutation

Melanoma (-50%)
Thyroid cancer (-45%)
Colon cancer (5-15%)
Microsatellite instability CRC (-100%)
Lung cancer (-3%)
SB/LGS ovarian cancer (-35%)
Hairy cell leukaemia (-85%)
Langerhans cell histiocytosis (-50%)
Brain cancer
Ganglioglioma (30-60%)
Pilocytic astrocytoma (10-15%)

Distinct Regulatory Mechanisms of Different
Raf Isoforms 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. Since
genetic alterations that activate Ras/Raf/MEK/ERK
signalling in cancers mainly occur through Raf kinase
or upstream molecules, 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 dimerisationdependent mechanism (Hu J, et al. 2013; Lavoie
& Therrien, 2015). Moreover, although BRAF is the
dominant mutated member of Raf kinase in cancers,
CRAF has been suggested to 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. We posit that
an understanding of the regulatory mechanisms of
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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% cases.
Moreover, BRAF(V600E) is enriched in certain
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. The
BRAF(V600E) mutation in haematopoietic stem
cells induces hairy cell leukaemia. In contrast, 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.

RESEARCHERS

Targeting this pathway for cancer therapy has become one of hottest topics in current biomedical research,
and is also the research goal of my laboratory. Specifically, we are focusing on distinct regulatory mechanisms
of different Raf isoforms in cancer and the basis of BRAF V600E malignancy.
Dr Jiancheng Hu

Prof Oi Lian Kon

Assoc Prof Paula Lam

Assoc Prof Han
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of different cancers. In this topic, we aim to explore how oncogenic kinase mutants induce cancer development
and how resistance to kinases inhibitors arises in the treatment of cancer patients; we therefore aim to also
develop novel therapies to overcome drug resistance.

Research Staff:
(Front)
Dr Jiancheng HU,
(Back, Left to right)
Dr Jimin YUAN,
Wan Hwa NG,
Ching Siang TEY,
(Absent)
Qishi ZHUANG

Dr Jiancheng HU, PhD
Principal Investigator,
Division of Cellular and
Molecular Research
hu.jiancheng@
nccs.com.sg
Joint Appointment
• Adjunct Assistant
Professor, DUKE-NUS

The Ras/Raf/MEK/ERK 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. Cancer genomic sequencing has revealed that
hyperactive Ras/Raf/MEK/ERK signalling exists in >40% human cancers. Raf
kinase is a pivotal component of the Ras/Raf/MEK/ERK signalling cascade,
which transmits a signal from Ras to activate MEK by phosphorylation. Raf
kinase consists of three family members: BRAF, CRAF and ARAF. Although all
Raf molecules have a similar structure and activate an identical downstream
pathway, their activity is regulated through distinct mechanisms and contributes
differentially to cancer development. Currently, our laboratory is using methods
of molecular biology, biochemistry and genetics to dissect these regulatory
mechanisms that control Raf kinase activity.

Since genetic alterations that activate the Ras/Raf/MEK/ERK signalling
cascade in cancers mainly occur in Raf kinase (BRAF) or upstream, Raf kinase
is regarded as an ideal target for drug design. Indeed, two Raf kinase inhibitors
(vemurafenib and dabrafenib) have been developed and employed in the clinic
for the treatment of late-stage BRAF (V600E)-positive cancers. Unfortunately,
Raf kinase inhibitors do not impair but promote the growth of cancers that
harbour Ras or receptor tyrosine kinase mutations. Mechanistic studies have
revealed that, in these cancers, wild-type Raf molecules are not inhibited but,
paradoxically, are activated by inhibitors through a dimerisation-dependent
mechanism. In previous studies, we developed a coactivation assay for Raf
kinase. Using this system, we will screen a small molecule library for inhibitors
that can block the activity of dimeric Raf kinase.
Besides Raf kinase, our laboratory is also interested in other oncogenic protein
kinases, such as JAK2, Abl, EGFR and Ret, whose mutations drive the development

Clinical Potential of Research
Our research is highly related to the clinical treatment of cancer patients who harbour hyperactive
changes in Raf or other protein kinases. An understanding of the molecular mechanism(s) that regulates
the activity of Raf and other kinases will not only provide a conceptual framework for drug design
against oncogenic kinase mutation-induced cancers but also propel the repurposing of the current
suite of targeted therapies for the benefit of cancer patients.
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B. Conditional Transgenic Knockout (KO) mice: To understand the effect of depleting a specific:
methyltransferase in vivo during tumorigenesis, several of our projects take advantage of mouse models
of cancer. Projects are currently using the Eμ-Myc lymphoma model, which overexpresses the oncogenic
transcription factor Myc (Figure 2).

Figure 2: Primary Lymphoma cells, isolated from
independent tumour-bearing Eµ-myc mice of the indicated
genotype, were transplanted into SCID recipient mice,
that were injected intraperitoneally with control (EtOH)
or tamoxifen (TAM) 1 week after transplantation. The
Kaplan-Meier analysis of tumour-free survival of the
recipient mice is down.
Eµ-myc:Prmt5F/FCreER EtOH (n=21),
Eµ-myc:Prmt5F/FCreER TAM (n=21),
Eµ-myc:Prmt5+/FCreER EtOH (n=9),
Eµ-myc:Prmt5+/FCreER TAM (n=11),
Eµ-myc:Prmt5+/+CreER EtOH (n=7),
Eµ-myc:Prmt5+/+CreER TAM (n=9).

By Ernesto Guccione
Lab Members: Tommaso TABAGLIO, Ying Xim TAN, Liling WU, Shun Xie TEO, Jessica Sook Yuin HO, Shivam MISHRA,
Yia Ji FONG, Slim MZOUGHI, Chee Leng LEE, Diana LOW, Jabez BOK, Florence Pik Hoon GAY, Cheryl Mei-Yi KOH,
Delphine HEQUET.

Our group has a long-term interest in the function of methyltransferases, a druggable
family of enzymes, and in the role they play in promoting and sustaining cancer
growth. The overall goal of the laboratory is to identify and validate novel targets
in oncology. In the laboratory, we use a combination of approaches to study the
function methyltransferases:
A. Functional Screens and Target Identification and Validation: Loss-offunction (LOF) genetic screens, using pooled shRNA libraries, CRISPR/Cas9
libraries or arrayed RNAi libraries, can be successfully exploited to identify
genes that drive or inhibit development, cell differentiation or tumorigenesis
(Figure 1). We believe that phenotype-driven forward genetic screens are the
Assoc Prof Ernesto Guccione
ideal approach to identify novel biomarkers for therapeutic decisions as well
as direct targets for intervention (druggable members of the methyltransferase
family of enzymes) for the cure of a variety of human cancers.

C. Biochemistry: We use in vitro methylation assays, cell fractionation, in vitro protein–protein interactions
and SILAC-based quantitative Mass Spectrometry to dissect the biochemical mechanisms driving the in
vivo phenotypes we observe upon the depletion of selected methyltransferases.
D. Bioinformatics: A fundamental part of the work done in the laboratory deals with large datasets
derived from chip sequencing profiles (of transcription factors/co-factors or histone post-translational
modifications), DNA methylation landscapes, or RNA sequencing profiles upon the depletion of selected
methyltransferases. We also actively collaborate with other groups both internationally and within IMCB,
providing our expertise in computational biology.
We are performing LOF genetic screens to identify new oncogenic drivers in prostate cancer, liver cancer
and rhabdomyosarcoma. We plan to understand the mechanism of action of oncogenic methyltransferases
and, ultimately, validate them as novel targets of interest for pharmaceutical companies.

Figure 1: Representation of a typical loss-of-function (LOF) shRNA pooled screen. A library of shRNAs is used to infect
a pool of target cells (at a low multiplicity of infection (MOI) in order to have ,1 virus/cell). The cell are then inoculated
into mice and the tumour is allowed to grow. At the endpoint (tumour has fully developed), the cells are sequenced and
we compare the composition of the initial shRNA library with what is left in the tumour. Tumour-promoting shRNAs will
be enriched in the library and will likely target tamour-suppressor genes (TSG), whereas shRNAs that are detrimental to
tumour growth (dropout shRNAs) will be lost during tumour growth and will likely target candidate oncogenes.
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NCCS-IMCB Collaboration:

humanised mouse unit
By Qingfeng Chen
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Asst Prof Qingfeng Chen

Our understanding of many of the biological processes in humans has been
garnered the experimental studies in animal models, particularly rodents. However,
rodents do not fully represent the human, for three main reasons: 1) many infectious
organisms only infect humans; 2) many aspects of human biological systems
are species specific; 3) many of the new therapeutics and immunomodulatory
reagents only exhibit effects when tested in humans. It is for these reasons that
many of the drugs that test well in animals end up ineffective or toxic to humans
in clinical trials. Therefore, to address the limitations of translating discoveries in
rodents into clinical applications, novel, in vivo small-animal models that more
closely recapitulate human biological systems are required.

Through the adoptive transfer of human stem cells into immunodeficient mice, we have established a humanised
mouse, with stable human blood, liver and other biological systems. These humanised mouse models have
been shown to successfully support the in vivo studies of human-specific pathogens such as Dengue, Malaria,
hepatitis B and C viruses (HBV, HCV) among others. In addition to infectious diseases, we have also been
working on the development of novel human cancer models to study specific oncogenic pathways and the
generation of patient-derived cancer xenograft models for drug testing. With these unique models, we have
received significant academic and industrial support and are taking the lead in many research programmes.
We have published 18 peer-reviewed papers in the past six years. This work has been highlighted by
various news avenues, including MIT news (newsoffice.mit.edu/), The Straits Times, Lianhe Zaobao
(http://www.zaobao.com.sg/english), and Today online (www.todayonline.com).
Our research has also been successfully translated into broad applications. Two of our patents have been
commercialised to biotechnology companies. We have been engaged by many hospitals and industry
companies to perform human-specific, pre-clinical research using our humanised mouse technology. In general,
our work on humanised mouse models has set the scene for the deeper exploration of human stem cells,
immunology, infectious disease and cancers, without putting patients at risk to enable the testing of humanspecific therapeutics.
Through the collaborations between IMCB and the NCCS, we are developing novel humanised mouse models
for the study of various human cancers and drug testing. In this new generation of human cancer animal models,
human cancers are grown along with other human biological systems; e.g. immune systems. The models are
useful for the better understanding of the underlying mechanisms of human tumorigenesis and its interaction
with the immune system so as to facilitate the development of more efficient anti-cancer therapeutic strategies.
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Hematopoietic Stem Cells. Mol Cell Immunol, 2015 May 25;

4 Chen Q, Khoury M, Chen J. Expression of human cytokines
dramatically improves reconstitution of specific humanblood lineage cells in humanized mice. Proc Natl Acad Sci
U S A, 2009;106(51):21783-21788.
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NCCS-IMCB Collaboration:

PRL-3 Antibody for Cancer Treatment
By Qi Zeng
Lab Members: Dr Abdul Qader AL-AIDAROOS, Dr Min THURA, Dr Eric YUEN, Dr Youbin LIN, Abhishek GUPTA,
Ye ZU, Jie LI, Pei Ping CHIA

In 1998, we molecularly identified PRL-3 based on sequence homology (Zeng et
al. 1998), establishing a novel PRL family of phosphatases. We then revealed that
PRL-1, -2 and -3 are actually prenylated and consequently enriched in the plasma
membrane and endosomes (Zeng et al. 2000), conceptually establishing the site
of action for PRLs in the membrane rather than in the nucleus. PRL-1, -2 and -3 are
also, respectively, referred to as PTP4A1, -2 and -3.
In 2001, Professor Vogelstein first found that PRL-3 was associated with colorectal
cancer metastasis (Saha et al. 2001). Functionally, PRL-3 was demonstrated to
play a causal role in promoting cancer metastasis via stimulating cell migration
Prof Qi Zeng
and invasion (Zeng et al. 2003; Liang et al. 2007). With our development of
monoclonal antibodies that can specifically detect PRL-1 and PRL-3, we showed that PRL-1 and PRL-3 proteins
are overexpressed in multiple types of human cancers (Li et al. 2005; Wang et al. 2010). Subsequently,
many other groups also reported that the PRL-1, -2, and -3 (especially PRL-3) transcripts and/or proteins are
often overexpressed in various types of human cancers and their overexpressions are associated with poor
prognosis. These results are well summarised in several reviews, including one from our group (Bessette
and Pallen 2008; Stephens et al. 2005, Abdul and Zeng 2010). Mechanistically, we revealed that PRL-3
promotes Epithelial-Mesenchymal Transition (EMT) through the down-regulation of PTEN and/or activation
of PI3K during cancer cell metastasis (Wang et al. 2007). In addition, we also showed that cancer cells
overexpressing PRL-3 can signal to endothelial cells to promote angiogenesis. These oncogenic properties
of PRL-3 are dependent on phosphatase activity in the cell (Guo et al. 2004, 2006). These pioneering
and leading efforts have opened up a new field of cancer research. PRL-3 has been studied globally in
many laboratories for various human cancers, and our key publications are receiving increasing citations
(>400 yearly citations in google scholar citations).
In 2006, we demonstrated a new concept of “Targeting Intracellular Oncoproteins with Antibody Therapy
against Cancers”. We reported that PRL-1 and PRL-3 monoclonal antibodies can inhibit experimental
metastatic tumors expressing the respective antigens (see animal image on page 129).  In 2009, Exploit
Technologies Pte Ltd (A*STAR) awarded our group a Flagship grant of $3.1 million for the anticancer
therapy in mice: http://www.imcb.a-star.edu.sg/newsarchive/090309a.php. This prestigious award
has been supporting our research to explore a unique approach of inhibiting PRL-3-positive tumors with
humanised antibody (PRL3-zumab) for future clinical trials.

Future plans/directions
• We are now testing PRL3-zumab toxicity in monkeys, and will work on FDA regulations for its use in early
clinical trials.
• We will use PRL3-zumab to block gastric cancers and liver cancers and many more PRL-3-positive tumours.

Selected Publications
1 Park JE, Yuen HF, Zhou JB, Al-aidaroos AQ, Guo K, Valk
PJ, Zhang SD, Chng WJ, Hong, CW, Mills K, Zeng Q. An
oncogenic role of PRL-3 in FLT3-ITD Induced Acute Myeloid
Leukemia. EMBO Mol Med 2013; 5:1-17.
2 Al-aidaroos AQ, Yuen H, Guo K, Zhang SD, Chung
TH, Chng WJ, Zeng Q. PRL-3 induces EGFR activation
and addiction in human cancer cells. J Clin Inv 2013;
123(8):3459-3471 (cover).

3 Cheng WH, Zeng Q. Awaiting a New Era of Cancer
Immunotherapy. Cancer Res 2012; 72(15):3715-3719 (invited
review).
4 Guo K*, Li J*, Tang JP*, Tan CP, Hong CW, Al-Aidaroos
AQ, Varghese L, Huang C, Zeng Q. Targeting Intracellular
Oncoproteins with Antibody Therapy or vaccination. Sci
Transl Med 2011; 3(99):99ra85. (Proposed the new
concept of unconventional immunotherapies to target
intracellular oncoproteins)
* Equal first authors.
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NCCS-IMCB Collaboration:

NFκB signalling in human ailments
By Vinay Tergaonkar
Lab Members: Yinghui LI, Ekta KHATTAR, Semih AKINCILAR, Sabrina NABTI, Sultan ABDA, Hui Shan CHENG, Myoung SHIN,
Darren LOW, Chia Yi LIU, Beiying QIU, Gokhan CILDIR, Qiling ZHOU

Inflammation and Cancer epigenetics
Inflammation involving the innate and adaptive immune systems is a normal
response to infection. However, it is now known that, when allowed to continue
unchecked, chronic inflammation is a key underlying cause for the development
of autoimmune disorders, neurodegenerative diseases, and metabolic syndromes,
such as diabetes and cancer. Our laboratory studies a transcription factor
called NFκB, which is a master regulator of inflammation. Indeed, deregulated
NFκB activity precedes and is causally linked to chronic inflammation and
the development of several human ailments, including metabolic syndromes
and cancers. However, given that NFκB signalling is also essential for many
Prof Vinay Tergaonkar
housekeeping, cellular, and developmental events in normal humans, simply
blocking NFκB to curb inflammation is not an option. Hence, deciphering the regulation of NFκB signalling
is crucial to understanding the mechanism and role of uncontrolled/unwanted NFκB activity seen in human
ailments for the development of better and safer anti-inflammatory drugs. We are focusing our efforts to
identify targets that will help develop drugs that will block NFκB/inflammation more selectively and not
generically and, hence, with the potential to have fewer side effects.
New epigenetic controls of inflammation
Deciphering the regulation of critical regulators of inflammation, such as NFκB, is crucial to understanding the
mechanism and role of constitutive NFκB activity seen in human ailments. Given that over 200 physiological
stimuli activate NFκB, which in turn, regulates an equally large number of genes, understanding how
specificity is generated in such a pleiotropic pathway is also a major challenge. Using large-scale, functional
genomic and proteomic approaches, our group has identified several novel modifiers of NFκB activity. We
are keen to decipher the mechanisms by which these novel regulators modulate NFκB and hence chronic
inflammation in human ailments.

Selected Publications
1 Koh CM, Khattar E, Leow SC, Liu CY, Muller J, Ang WX, Li
Y, Franzoso G, Li S, Guccione E, Tergaonkar V. Telomerase
regulates Myc dependent oncogenesis independent of its
reverse transcriptase activity. J Clin Inv 2015;In Press.
2 Shin EM, Lee M, Goh J, Ong H, Ong CW, Mendoz E, Sun
W, Kong X, Tan T, Salto-Tellez M, Putti TC, Zhu T, Thiery JP,
Miyamoto S, Kumar AP, Tergaonkar V. DP103 defines the
metastatic potential of human breast cancers. J Clin Inv 2014;
24(9):3807-3824.
3 Ghosh A, Saginc G, Leow SC, Khattar E, Shin EM, Yan TD,
Wong M, Zhang Z, Li G, Sung WK, Zhou J, Chng WJ, Li S, Liu
E, Tergaonkar V. Telomerase directly regulates NFB dependent
transcription. Nat Cell Biol 2012; 14(12):1270-1281.

4 Teo H, Ghosh S, Luesch H, Wong ET, Ghosh A, Malik N,
Orth A, de Jesus P, Perry AP, Oliver JD, Tran NL, Speiser
LJ, Saez E, Schultz P, Chanda S, Verma IM, Tergaonkar,
V. Telomere independent Rap1 is an IKK-adaptor and
regulates NFB-dependent gene expression. Nat Cell Biol.
2010; 12(8):758-767.
5 Wu Z, Wong ET, Shi Y, Chen Z, Miyamoto S, Tergaonkar
V. ATM-dependent ELKS ubiquitination coordinates IKK
activation in response to genotoxic stress. Mol Cell 2010;
40(1):75-86.
6 Chew J, Biswas S, Shreeram S, Humaidi M, Wong ET,
Dhillion MK, Teo H, Hazra A, Fang CC, López-Collazo E,
Bulavin DV, Tergaonkar, V. WIP1 phosphatase is a negative
regulator of NF-kappaB signalling. Nat Cell Biol. 2009;
11(5):659-66.
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About
Humphrey Oei Distinguished
Lecture (HODL) Series
The Humphrey Oei Distinguished Lecture series was first held in November 2006.
The objective is to give the scientific community in Singapore an opportunity to hear from some of the world’s
top scientists on their discoveries in research. It also enhances NCCS’ efforts to contribute towards generating
discussions and interest among young Singaporeans in the field of medical research.

13 November 2014
WHITHER THE RANDOMISED CONTROLLED TRIAL
Distinguished Speaker: Prof Ian F Tannock
Senior Scientist and Clinical Studies Resource Centre Member,
Ontario Cancer Institute (OCI)

19 August 2013
PROTON THERAPY: RATIONALE AND PERSPECTIVES
Distinguished Speaker: Dr Alejandro Mazal
Project Director, Proton Therapy Centre, Institute Curie, Orsay
Head, Medical Physics Department, Institute Curie, Paris
Chairman, Particle Therapy Cooperative Group (PTCOG)

19 July 2013
END GAMES STRATEGIES IN TOBACCO CONTROL
Distinguished Speaker: Prof Ruth E. Malone
Professor and Chair Department of Social & Behavioural Sciences,
University of California, San Francisco
Editor-in-Chief, Tobacco Control

23 May 2013
UNRAVELLING THE MOLECULAR BASIS OF CANCER METASTASIS
Distinguished Speaker: Prof Yibin Kang
Warner-Lambert/Parke-Davis Professor of
Molecular Biology, Princeton University
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International

Collaborators

austria

france

hong kong

romania

thailand

USA

• Innsbruck Medical University

• Faculty of Medicine, ParisSud University

• University of Hong Kong

• Fundeni Clinical Institute

• Bristol-Myers Squibb

india

spain

• Vellore Institute of Technology
University

• Spanish National Cancer
Research Centre

• Liver Fluke and
Cholangiocarcinoma
Research Center, Khon Kaen
University

italy

• Biomedicine Institute of the
University of León

• Clinical Institute of Medicine
& Chemical Laboratory
Diagnostics, Medical
University of Graz
Canada
• University of Toronto
china

• Inserm Unit U10179,
Genetics of Cancer and
Neurogenetics, Institute for
Research and Innovation in
Biomedicine, University of
Rouen
• Gustave Roussy
germany

• Peking Union Medical
College

• Bayer Pharma AG

• Sun Yat-sen University
Cancer Centre

• Dr Margarete FischerBosch-Institute of Clinical
Pharmacology
• Leibniz Institute for Age
Research - Fritz Lipmann
Institute (FLI)

• University of Verona
japan
• School of Medicine,           
Keio University
• University of Tokyo
korea
• Medicinal Bioconvergence
Research Centre
• Yonsei Univesity College of
Medicine

switzerland

UK
• Addenbrooke's Hospital,
Cambridge University
Hospitals

• Cornell University
• Duke University
• Eli Lilly
• Galaxy Biotech
• The University of Texas MD
Anderson Cancer Centre

• AstraZeneca

• National Cancer Institute,
NIH

• The Francis Crick Institute

Taiwan

• The Jackson Laboratory

• Imperial College London

• Chang Gung Memorial
Hospital

• King's College London

• University of WisconsinMadison

•Novartis AG

• University of Cambridge

• Virginia Commonwalth
University
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Local Collaborators

Singapore General Hospital

National Heart Centre
Singapore

National University Hospital

Institute of Molecular and
Cell Biology

KK Women's and Children's
Hospital

National University of
Singapore

Duke-NUS Graduate
Medical School Singapore
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NTU Full Logo printing on uncoated stock: CMYK

Biomedical
Sciences Institutes
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Nanyang Technological
University

Genome Institute of
Singapore

100C 68M 7Y 28K

Bioinformatics Institute

Biomedical Sciences Institutes

Institute of Bioengineering
and Nanotechnology

Institute of Medical Biology

Singapore Bioimaging
Consortium

Singapore Immunology
Network
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Research Administration

Flow Cytometer

AHU

Research Store

Microtome Machine

Gamma Irradiation

GMP Facility

Biohazard Facility

Sequenom MassARRAY 4 Machine

Confocal Microscope

Life Technologies Supply Centre

Nanostring Machine

The Research Administration department is the central coordinating body that provides support to both
clinician and scientists in three broad areas: Grants Administration & Research Policy, Management of Core
Research Facilities, and Enforcement of Safety in accordance to the National Work Safety and Health Act.
Core Research Facilities
The centre's 17 research laboratories occupy approximately 5,000 square metres of the NCCS building.
We have another 5 laboratories situated off-site currently hosted at the Academia.
Core facilities include an AAALAC accredited Animal Holding facility, a Biohazard containment facility & a
GMP facility dedicated to the preparation of clinical grade research material.
Centralised services include a Research Store which stock commonly used consumables, Media Preparation
room, a centralised glassware washing and autoclave facility.
Core equipment consist of the, Irradiator, High speed centrifuges, Freezers and Cryofreezing facility,
Confocal microscope, Film developers, Flow Cytometry & Histological capabilities.
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About the National Cancer
Centre Singapore (NCCS)
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.
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.
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