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OVERVIEW OF
RESEARCH @ NCCS
By Prof Kanaga Sabapathy, Head, Division of Cellular and Molecular Research

The National Cancer Centre Singapore
Enhancing Research in Asian-centric Cancers

The First Decade

DIRECTOR’S

MESSAGE
The National Cancer Centre Singapore (NCCS) is today
one of the leading multidisciplinary centres for cancer
treatment, both locally and within the region. We treat
almost 75 percent of cancer patients in Singapore and
about 10 percent are foreign patients from the region.
NCCS has continually kept abreast of advances in the
diagnosis and treatment of cancer with our robust
efforts through a research-based approach. The
research work carried out at our Centre have received
world-wide recognition and are published in high
impact peer-reviewed journals. Our scientists and
clinicians have also won many local and international
accolades for their contributions to medical science.
We are moving towards further strengthening our
core team of clinician-scientists by establishing the
Academic Clinical Programme (ACP) in Oncology
under the SingHealth Group in partnership with DukeNUS Graduate Medical School. This will provide the
framework for all clinical specialties to advance in
Academic Medicine so as to improve patient care and
outcomes. Medical specialists in a particular discipline
from different institutions will be able to get together
to maximise the advantages of shared knowledge and
resources.

In addition, NCCS will be the first cancer centre in this
region to offer proton beam therapy to treat specific
types of cancers which are not accessible through
normal radiation therapy. The proton beam therapy
centre will be housed in the new NCCS building which
is expected to be operational by 2018. This will present
tremendous research possibilities and opportunities.
We take pride that our work has contributed to a better
understanding of cancer, resulting in improvements in
the way our doctors diagnose and treat our patients.
For now, there is still much more that needs to be
done in cancer research.
NCCS will continue to strive 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.

Professor Khee Chee SOO
Director
National Cancer Centre Singapore

NCCS was established by the Singapore government
in 1999 as the national centre for integrated
multidisciplinary cancer care and cancer research, with
the vision of becoming a global leading cancer centre.
Its research activities were organized into the three
research divisions of Cellular & Molecular Research,
Medical Sciences and Clinical Trials & Epidemiological
Sciences that were incorporated into the Humphrey
Oei Institute of Cancer Research (HOICR), following
a generous donation in 2007. Research groups at
the HOICR engage in basic, translational and clinical
research with the overarching goal of preventing
cancer and improving outcomes of cancer therapy,
to apply advances from bench research to clinical
cancer care and prevention, and vice versa to address
clinical needs through laboratory research. The focus
has been on cancers of socio-economic importance
to Singapore, with the aim of developing novel and
innovative means to achieve better prevention, risk
assessment, early detection, prognosis and therapy.
To achieve this challenging goal, the Institute is
staffed by full-time scientists who collaborate closely
with clinical oncologists in all specialties of cancer
care from all five clinical departments: Radiation,
medical and surgical oncology, palliative medicine,
and oncologic imaging.
Research focus at NCCS in the last 3-5 years has
collectively shifted to tackling Asian cancers, based
on the advice of the international Scientific Advisory
Board. With HOICR being an integral component
of NCCS that is physically embedded in Singapore’s
leading cancer centre, the organizational structure
has catalyzed the collective efforts of both clinicians
and scientists to undertake research that is relevant
to the needs of real world cancers and facilitates the
application of research advances in clinical practice,
enabling HOICR on the path to becoming a global leader
in translational cancer research. Having established

the research infrastructure and recruited scientific/
clinical talent in the first decade, the Institute has
now developed a professional and academic culture
that values the entire spectrum of cancer research,
through programs that embed research in clinical
training for all new clinical oncology fellows.
Primary among the reasons for the growth of research
activities at NCCS is the amount of individual grant
funding that has been competitively awarded to the
Principal Investigators (PIs) and clinician scientists.
The past decade has seen a steady increase in
the number of individual grants obtained, which is
approximately S$258Million since 1999. Moreover,
three NCCS clinicians have won Clinician-Scientist
awards and we have recruited 1 STaR Investigator in the
past 3 years. This success has been paralleled both in
terms of increased research manpower that has been
steadily growing (Figure 1), as well as the increased
number of publications (Figure 2), which include highimpact groundbreaking papers in top journals such as
Cancer Cell, Molecular Cell, Nature Genetics, Nature
Medicine, Lancet, Lancet Oncology, NEJM, PNAS, etc.
Not surprisingly, many of our research and clinical
staff have gone on to win numerous international
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Figure 3: Proposed research work-flow is aimed at covering all aspects of cancer research from screening and preventing cancer formation
in normal healthy individuals, all the way through diagnosis and treatment of cancer patients, along with Palliative Medicine & Health
Services Research, through the 8 signature themes.
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awards and recognitions, placing NCCS on the world
map of cancer research. In addition, the Division of
Clinical Trials manages the largest number of cancer
trials in Singapore ranging from Phase 1 to Phase 3
trials. During 2009-2011, NCCS oncologists conducted
a total of 176 single- and multi-centre clinical trials,
of which 71 were newly registered during this period.
Moreover, we have been able to attract collaborations
with a substantial number of industrial partners (see
below for details).
From the early days of investigator-led, curiositydriven research, the focus is now on forming larger
programs centred on major themes or specific
cancer types such as hepatocellular cancer (HCC),
cancers of the lung, head and neck, nasopharynx
and stomach, and lymphoma, which are pertinent to
Asia and Singapore. The early years have allowed the
germination of several of these programs, which are
now at various stages of maturation. Primary among
them is the HCC program, which is now a major thrust
of NCCS’ research. In addition, the program on Asian
lung cancer, which is molecularly distinct from the
Western lung cancer, has been developing, and was
awarded a Translational Clinical Research grant of
$9M. Similarly, the Asian-centric lymphoma program
has been initiated, which attracted a program project
grant of $2M. These efforts are possible due to the
spectrum of research activities within NCCS that
allows “all-the-way” programs, which will be the
focal point of consolidation in the next phase of NCCS’
growth. In this context, NCCS has been awarded
a Centre Grant of $26M in April 2013 to cover the
research infrastructure support for the next 4 years.

The Way Forward
Having essentially spent the first 12 years on
building up the infrastructure and establishing the
research programs, the next 5 years will be focused
on consolidation of our position as a premier cancer
research institution both within Singapore and
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Figure 2: NCCS Publications

internationally, to streamline research activities, and
to bolster our strengths to prepare for the subsequent
expansion phase which will go along with the move to
the new building in 2018 that will at least double the
area for research. This will give greater depth to our
research and services, with recruitment of new lead
investigators to helm new programs and to enhance
existing ones. Cancer has also been identified as one
of the six research foci for the next 5 years by the
SingHealth and Duke-NUS Research Masterplan,
making NCCS one of integral components of the
SingHealth’s research investments. Hence, our forward
research strategy in the next phase is to organize the
research capabilities into thematic programs that will
foster a continuum of inter-related research activities
that cover the entire spectrum of cancer research,
from screening of healthy individuals, early detection
and prevention, all the way through clinical trials and
health services research (Figure 3).
In this context, we have grouped the current research
activities and proposed future work into 8 inter-related
Themes that provide a continuum for comprehensive
cancer research. The Themes include: Cancer
Epidemiology, Screening & Prevention; Biomarker
Discovery for Diagnosis & Prognosis; Molecular Targets
& Mechanisms of Carcinogenesis; Drug Discovery &
Experimental Therapeutics; Innovative Approaches
& Therapies; Treatment Resistance; Clinical Trials;
and Palliative Medicine & Health Services Research.
These are based on our current strengths and the
systems that are in place to answer relevant questions
in an integrated manner in the future. Both basic
scientists and clinician-researchers are grouped into
the individual themes, allowing cross fertilization of
ideas and to promote collaborations, and each theme
will be led by leading scientists and clinicians who
are key opinion leaders with demonstrated ability
in publishing and attracting both competitive and
industrial funding.
The 8 themes of this Centre Grant proposal are
organized with the primary goal of achieving the
following: (i) to develop better screening strategies/

methods and potential preventive measures; (ii)
to develop more effective therapies, including
overcoming treatment resistance; and (iii) to evaluate
the true benefits of cancer care through quality-oflife and health services research. In essence, our
pipeline of research activities is designed to achieve
the expected major outcomes of NCCS’ research
program, which are 3-fold: (1) to identify clinically
useful biomarkers and develop detection technologies
for screening, diagnosis and prognosis; (2) to generate
novel treatment modalities, technologies and products
to improve healthcare; and (3) to implement better
prevention strategies. An important feature of the
thematic strategy is that they form a continuum, with
results obtained from any one Theme being capable
of translation to other Themes, both forward and
backward, with the goal of providing a comprehensive
cancer care based on research for our patients, from
screening to health services outcome. This will allow
the timely and successful implementation of various
aspects of new strategies and modalities, which
would be translated to improve healthcare practice
and benefit patients, through investigator-initiated
clinical trials by our clinical trials unit which is capable
of conducting and coordinating international phase 3
trials.
While all these aspects would be expected of an
ambitious comprehensive cancer centre, our major
objective is to establish NCCS as a “go-to” place for
specific cancers, such as the HCC, Asian lung cancer,
Asian lymphoma, nasopharyngeal carcinoma (NPC),
gastric cancer, etc. for patients, researchers and
pharmaceutical companies. The thematic approach
will allow research to be conducted in an ‘all-theway’ manner, therefore enabling NCCS to focus on
major cancers that are relevant in the Singapore and
Asian context. Thus, the stage is being set at NCCS to
develop these signature cancer programs (e.g. HCC,
Asian lung and lymphoma), and others that would be
subsequently similarly developed.
To support these goals, NCCS has invested in and
continually upgrades its research core infrastructure
to provide centre-wide support for all researchers. A
series of support platforms/core services that have

already been set up will be consolidated to ensure
that efficient and appropriate services are provided,
by complementing and without replicating services
that are available within the SingHealth campus,
such as the animal facility, investigational medicine
unit, and the core platforms. Thus, the consolidated
cores will include the following 10 platforms/facilities:
Genomics; Proteomics; Cell Culture & Flow Cytometry;
Good Manufacturing Practice facility; Animal Models;
Histology; Bioimaging & Biophotonics; Clinical Trials
Office (CTO) & Biostatistics and Epidemiology unit
(BEU); and Clinical Pharmacology, together with the
basic support facility, all of which will support the
various themes.

Our Record of Collaborative Research:
Industry and Academia
Two areas of great industry focus currently are the
development of novel ‘targeted’ drugs, and in addition,
a recent awareness of the rising incidence of cancers of
‘Asian’ significance. Given our focus on Asian cancers,
NCCS is ideally placed to become a major partner with
industry, and is indeed already partnering a number
of the world’s leading pharmaceutical companies in
cancer drug development. NCCS has over the last few
years established necessary procedures to license
its research technologies to industrial collaborators,
together with the SingHeatlh business development
unit. Examples include the collaborations with Roche
on development of novel bioimaging tools to evaluate
liver cancer therapeutic response; and multiple other
collaborations whereby several companies like Bayer
and Novartis work with our unique cancer-patientspecific xenografts for drug testing. In addition, the
clinical trials unit has a large number of collaborations
with several pharmaceutical companies in conducting
clinical trials.
Besides industrial collaborations, the juxtaposition of
health professionals with cancer researchers under
the same roof at NCCS over a decade has forged strong
collaborations for generating ideas for clinicallydirected research that integrates multiple domain
expertise. This has resulted in multiple collaborative
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of clinicians at various levels (but primarily targeting
all new registrars) to research laboratories within
NCCS, such that they attend the weekly laboratory
meetings for 6 months with the aim of exposing
clinicians to research activities and to forge
relationships between researchers and clinicians.
Complementing the “sit-in” program is the registrar
laboratory attachment comprising 3-6 months of fulltime laboratory experience. Additionally, this offers
the clinicians wishing to pursue a higher degree an
opportunity for hands-on experience. Furthermore,
an exploratory/pilot seed funding program that will
support the exploration of novel ideas to be tested by
new investigators has been initiated, to encourage
junior clinicians to embark on independent research.
Collectively, NCCS is in the midst of embedding the
research tradition among all clinicians, aimed at
being a leading research and education centre in the
field of oncology. This effort is complemented by the
AMRI@SingHealth, which provides scientific support
for education, training and career guidance for junior
clinicians embarking on their research journeys.

grants for lung cancer and for lymphoma, together
with a host of institutions throughout Singapore,
such as the Institute of Molecular and Cell Biology,
Genome Institute of Singapore, National University
of Singapore, Nanyang Technological University,
as well as the SingHealth departments such as
Pathology. Furthermore, extensive international
collaborations have been initiated by NCCS
researchers, which have led to major breakthroughs,
such as the recent identification of driver-mutations in
cholangiocarcinomas prevalent in Thailand (published
in Nature Genetics). Looking ahead, the continuum
of thematic research programs is expected to allow
further integration of basic, pre-clinical and clinical
research to be part of larger programs and therefore,
inextricably linking them. Thus, our forward strategy
is to work on larger signature programs.

Capacity Development to Nurture a
Succession of Clinical and Scientific
Leaders
In addition to the existing clinician-mentorship
programs, several new initiatives to allow the
nurturing and maturation of clinicians to embrace
the research culture and become clinician-scientists
are being implemented. An example is the clinician
“sit-in” program that will encourage the attachment

An added strength that needs to be highlighted is the
existence of a path to allow clinicians to be involved and
trained in clinical research to conduct trials. With the
help of over 50 clinical trial coordinators, the clinical
trials department is mature to allow junior clinicians
to be involved in industry-supported trials, being
mentored by senior clinicians. This maturation process
allows them to take on leadership roles in becoming
PIs of investigator-initiated trials. The system has
been in place for a decade now, and has produced a
larger number of clinicians who are involved in trials,
as exemplified by the number of trials conducted
over the last 3 years. In addition, our department of
radiation oncology has become a member of the NCIfunded Radiation Therapy Oncology Group to allow
our radiation clinicians to participate in international
trials.
Several possibilities for career development of our
scientific and clinical staff have also emerged with
the recent establishment of Duke-NUS Graduate
Medical School (GMS), which offers joint/adjunct
positions for our senior researchers and clinicians
through the SingHealth Oncology Academic Clinical
Program (ACP), to be part of the academic scene and
benefit from the academic environment in various
aspects. Moreover, the ongoing joint Duke-NUS
Cancer & Stem Cell Biology program-NCCS researchin-progress series is a weekly forum for continual
scientific training for all ranks of research and clinical
personnel at NCCS. In recognition of the importance
of talent development among young researchers,
NCCS also provides material support to scientists who
are organized into the early career scientists of NCCS
(ECSoN) group which offers an avenue for the post-

doctoral fellows and students to take on leadership
roles, such as in organizing seminars and symposia.

Long-term Goals
NCCS’ long-term goal is in concordance with our
mission to be a centre of international repute that
provides the best care through the best research, by
demonstrating expertise in laboratory, clinical and
behavioural/population-based research. With our
move to a larger premise, we will be poised to expand
the research capabilities, embarking on a new phase
of growth from 2018, to become an internationally
renowned cancer centre that serves as a professional
reference for the major Asian cancers. The aim would
therefore be the cancer centre of choice for Asians to
go to, known for our outstanding research and clinical
services, as well as for pharmaceutical companies to
partner for “all-the-way” research from translating an
idea to an ideal cancer screening tool or therapeutic
drug.

10
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NCC RESEARCH FUND AND
COMMUNITY CANCER FUND
BOARDS OF TRUSTEES

SCIENTIFIC
ADVISORY BOARD
Dr Waun Ki Hong

NCC Research Fund

Community Cancer Fund

Chairman
Dr Charles Toh

Chairman
Prof Ser Kiat Tan

Co-Chairman
Prof Ser Kiat Tan

Co-Chairman
Dr Charles Toh

Head, Division of Cancer Medicine
The University of Texas
MD Anderson Cancer Centre
Dr Patrick Maxwell
Regius Professor of Physic
University of Cambridge

Trustees of Both Funds
Dr Webster Cavenee

Mdm Geok Choo Ho
Mr Kim Shin Lee
Mr Beng Hua Lim
Mr Boon Yew Ng
Prof Khee Chee Soo
Mr Nicky Ng Kuang Tan
Mr George Peng Heok Thia

Director
Ludwig Institute for Cancer Research, San Diego
Dr Anthony Means
Professor Emeritus of Pharmacology and Cancer Biology,
Associate Director for Basic Research Emeritus, Duke Cancer Institute

Committees of Both Funds
Audit Committee

Development Committee

Investment Committee

Chairman
Mr Ng Boon Yew

Chairman
Mdm Geok Choo Ho

Chairman
Mr Nicky Ng Kuang Tan

Members
Mr Kaka Singh
Mr Guan Seng Sim

Members
Mrs Annie Chiam
Datuk Son Yam Eng
Mr Simon Kelly
Mr Liong Seen Kwee
Mr Fuh Gih Tan
Ms Chien Chien Wong

Members
Mr Beng Hua Lim
Mr Boon Yew Ng
Prof Khee Chee Soo
Dr Charles Chai Soon Toh
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NCCS RESEARCH COMMITTEE
Chairman
Prof Oi Lian Kon
Head
Division of Medical Sciences
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Prof Kanaga Sabapathy
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Chief Financial Officer

Members
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Director

Dr Gopal Iyer
Research Director
Division of Surgical Oncology

A/Prof Heng Nung Koong
Head
Division of Surgical Oncology

Dr Darren Lim
Research Director
Division of Medical Oncology

Dr Soon Thye Lim
Head
Division of Medical Oncology

Dr Richard Yeo
Research Director
Division of Radiation Oncology

Dr Eu Tiong Chua
Head
Division of Radiation Oncology

Dr Hiang Khoon Tan
Director
Division of Community Outreach and Philanthropy

Dr Choon Hua Thng
Deputy Head (Representing Head)
Division of Oncologic Imaging

Ms Priscilla Choi Nar Li
Manager, Governance & Administration
Division of Community Outreach and Philanthropy

Dr Grace Pang
Lead Clinical Researcher (Representing Head)
Division of Palliative Medicine

Mr Martin Tan
Assistant Director
Research Administration
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Head
Division of Clinical Trials & Epidemiological
Sciences
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Program Director
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MAKING
HEADLINES
2010
05 February | MyPaper
S’pore to lead three new liver-cancer trials
New clinical trials for Hepatocellular Carcinoma attracts
funding interest from pharmaceutical companies, bringing more
treatment options to patients in Singapore.

2011
8 June | Medical Grapevine

2012
09 April | Today – Hot News

2013
13 February | Today - Health

Duke-NUS confers Benjamin
Sheares Profesorship in
Academic Medicine to
Professor Soo Khee Chee

12 March | Business Times
Award for woman cancer researcher
Dr Marissa Teo is the first Singaporean to receive the UnescoL’Oréal International fellowship award for women in science.
The award recognises Dr Teo’s contirbutions in the area of
nasopharyngeal carcinoma, a disease prevalent in southern
China and South-east Asia.

April | Health Science Authority

31 Mar | Sunday Times - Top News
21 June | Straits Times – Prime
Special mice help prove drugs
work on cancer victims

Association between UGT1A1 variant alleles and irinotecaninduced severe neutropenia
Professor Balram’s research in genomic influences on irinotecan
pharmacokinetics and toxicity in Asian cancer patients led to the
introduction of a black box warning to irinotecan’s package insert
in 2010 by the Health Sciences Authority of Singapore. The label
change recommends testing for UGT1A1*28 and UGT1A1*6 in
Asian patients receiving irinotecan.

Gene mutations behind bile-duct cancer found
Scientist from Singapore and Thailand have identified the gene
mutations responsible for bile-duct cancer. With the findings, the
scientists can design a drug to inhabit the specific gene.

21 June | Straits Times

17 June | Sunday Times – Top News

13 May | Sunday Times – Home

26 June | Sunday Times
Nosing out clues to cancer
NCCS researcher, Dr Marissa Teo conducts one of the largest
nasopharyngeal cancer trial with 38 patients. The research aims
to create more breakthroughs in treatment options to increase
survival rate for patients with advanced stages of cancer.

04 August | Business Times

09 November | Straits Times

S’pore team on trail of aspirin answer to colorectal cancer
The research collaboration across 19 centres in Asia aims
to establish if aspirin could significantly reduce the risk of
recurrence of colorectal cancer, post-surgery and chemotherapy.

Father of cancer research wins top award
Professor Soo Khee Chee, director of NCCS, has received the
President’s Science and Technology Medal for his dedication in
bridging research and clinical applications.

Potential new drug to treat deadly cancer
Our researchers have discovered mutations in the Janus kinase
3 (JAK3) gene that seemed to have a major role in driving the
cancer in a significant number of patients. Clinical trials will be
conducted within the next two years

06 December | Business Times – Singapore News
SingHealth, Aussie firm in cancer-technology research tie-up
The research collaboration aims to explore the clinical potential
of carbon cage nanoparticles which are chemically inert, to deal
with hard-to-treat cancers. The technology will be useful in the
treatment of advanced ovarian cancer which has spread within
the abdominal and pelvic cavities.

11 August | Sunday Times - Think
Scientist uncover most
potential carcinogen
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SIGNATURE PROGRAMME:
LIVER CANCER
By Kam Man Hui and Han Chong Toh

Hepatocellular carcinoma (HCC) is the third 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 non-alcohol 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 National Cancer Centre
Singapore 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.

sister institutions, such as with our neighbouring
Singapore General Hospital, are on-going. Our
diverse investigative teams conduct a series of
highly focused, clinical application-driven studies
into the characterization of the carcinogenesis
and 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 utilizes mouse models
for biomarker discovery and to understand

O

ur 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

the molecular pathways that are progressively
deregulated by the various etiological factors
in contributing to HCC formation, as well as to
understand the role of p53 and p73 in cancers.
The laboratory of A/Prof Caroline Lee focuses
on understanding how chronic inflammation
can lead to cancer and on the development of
strategies to intervene with this process. This
laboratory is also interested in investigating
how the hepatitis B virus plays an integral role
in cancer development. Dr Han Chong Toh’s
laboratory focuses on translational research
into tumour immunology and immunotherapy,
biomarker discovery and molecular and
metabolomics pathways in HCC, using proteomebased studies to investigate prognostic markers
of HCC, both in the intrinsic tumour and 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 (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 resistance of HCC to
therapeutic targeting. The laboratory of
A/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
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Gene expression profiling of HCC paired samples.

Tumor

Adjacent non‐tumor

ongoing. We see about 200 new HCC patients per
year in NCCS and about 30% of our patients are
recruited onto trials. Prof Pierce Chow who leads
the Asia-Pacific Hepatocellular Carcinoma Trials
(AHCC) group, has led 6 multicentre investigatorinitiated HCC clinical trials. The AHCC trials group
is a collaborative research group formed in 1997
by clinicians from major Asia-Pacific medical
centres to conduct preventive and therapeutic
trials in HCC. The overall aim is to provide a trial
option for every patient at every stage of HCC
disease and ultimately to bring discoveries from
the bench to the bedside that can translate into
the next effective therapy for HCC patients.
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.

‐log10 (p‐value)

22

Log2ra'o (T/NT)

animal models of HCC. NCCS has an important,
on-going
academic-industry
collaboration
with the on-site Roche Translational Research
Hub co-located here at SingHealth, where the
first focus project is on the resistance to antiangiogenesis therapies in HCC and other cancers
with the incorporation of functional imaging with
double contrast-MRI (DC-MRI) and animal PETCT 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 improve our understanding of
mechanisms of action of drugs and disease. Dr
Choo who is Deputy Head of Clinical Trials and
Epidemiological Sciences unit also leads phase 2
and phase 3 HCC trials, allowing patients access
to novel therapeutics. At any point in time, we
have about 3-5 clinical trials in HCC that are
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BEK CHAI HEAH LABORATORY OF
CANCER GENOMICS

Studies in our laboratory are also focussed on overcoming the
presence of preexisting anti-measles virus (MV) immunity that
exists in most cancer patients. Although attenuated MV has
demonstrated potent oncolytic activities towards human HCC, it
has not yet been widely adopted into clinical practice. We have

Kam Man HUI, PhD, FRCPath
Principal Investigator
Laboratory of Cancer Genomics,
Division of Cellular & Molecular
Research

demonstrated that MV-infected human bone marrow-derived
mesenchymal stem cells (hBM-MSC) can act as a delivery vehicle
to elude the presence of immunity against MV, thus allowing for
the development of therapeutic strategies based on hBM-MSCmediated delivery of MV to target human HCC.

cmrhkm@nccs.com.sg
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Despite recent advances in the prevention and treatment of
human HCC, the prevalence of this worldwide health threat
continues to grow. Using unbiased, genome-wide strategies
to survey relevant human HCC tissues, our major aims are to
ascertain the key molecular probes and genes/pathways that
are altered in HCC, to explore how changes in these genes and
in their regulation affect the carcinogenesis of HCC and to learn
how they can be manipulated to combat HCC. In addition, our
long-term goal is to define the molecular regulatory circuitry that
controls the normal and diseased liver in order to gain insight
into the early events that drive the pathological remodelling that
leads to HCC and to use this information to define signatures
and therapeutic targets unique to the underlying aetiology.
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urgery currently offers the only possibility of long-term survival for HCC patients. Unfortunately,
recurrence occurs in more than two-thirds of these patients and confers a poor prognosis. We have
identified that, independent of clinical risk factors, aggressive, early recurrent HCC tumours have a

significant up-regulation in RacGTPase-activating protein 1 (RACGAP1) expression. These data have provided
the clinical background for the possible development of drugs that target various important oncogenic signalling
molecules in an interactome that is clinically relevant to early HCC recurrence.
We have also recently discovered that expression of the miR-216a/217 cluster is consistently and significantly
up-regulated in HCC associated with early tumour recurrence. The over expression of this miRNA acts as a
positive feedback regulator for the TGF-β pathway and the canonical PI3K/Akt signalling pathway in HCC cells.
This pathway activation resulted in an acquired resistance to sorafenib, which could be reversed by blocking the
activation of TGF-β pathway in HCC cells.

Research Focuses
Human Hepatocellular Carcinoma (HCC): Delineating the
carcinogenesis pathways, Identification of novel diagnostic and
therapeutic targets, Design and develop novel diagnostic and
therapeutic platforms, Molecular segregation of patients to
optimize outcome, Develop cancer vaccines.
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LABORATORY OF
CELL THERAPY AND CANCER VACCINE

achieving disease stabilization
for >18 weeks and one patient
achieving PR among the 16
patients who were treated [3].
More recently, we completed
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Our immune system is a very powerful defence system that protects us against invading pathogens,
notably by their ability to recognize the ‘foreign’ antigens of infectious organisms. As the name
implies, cancer immunotherapy is the use of this powerful system to kill cancer cells. Just like
the pathogens, many tumour cells also express unique antigens that are not normally found in
normal cells. However, these cancer-specific antigens are not usually recognized by the immune
system. Recent scientific and technological advancements have made it possible to intervene and
effectively activate the immune system against these cancer antigens. One of the main focuses of
our laboratory has been in the development of strategies to harness anti-cancer immune response
more effectively and to conduct clinical trials on consented cancer patients to test these strategies,
which have subsequently shown encouraging results. The laboratory will continue to be involved
in the development of cancer immunotherapy which has gained significant global recognition in
recent years as a potentially effective cancer treatment strategy. In addition, the laboratory is also
involved in the global effort to discover new biomarkers to improve the diagnosis rate of early stage
hepatocellular carcinoma, the liver cancer that is prevalent in Asia, when the disease is more curable.

a Phase 2 clinical trial of

Figure 1: CT scan images of Patient
combined gemcitabine and
#9 who achieved Partial Response
following MelCancerVac® vaccination carboplatin (GC) with adoptive
(conducted in 2005-2006).

EBV-specific T cell therapy

in 38 NPC patients (Figure 2; collaboration with CAGT; 20082012). This treatment resulted in 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 rate of 100% and
a 2-year overall survival (OS) rate of 62.9%. With this encouraging
result, we will be conducting a multi-centre randomised Phase 3
clinical trial that is targeted to commence in the fourth quarter of
2013.
Our laboratory is also involved in the identification of biomarkers
for hepatocellular carcinoma (HCC), one of the leading causes of
global cancer-related deaths. One of the key challenges is being
able to optimally detect HCC at the early stages when potentially
curative therapy is available. Successful identification of novel
biomarkers to increase the efficacy of detection, diagnosis, and if
possible, prognostication will certainly improve the overall global
outlook of HCC. We have carried out various studies to investigate
prognostic markers of HCC, both in the intrinsic tumour (seed)
and the surrounding microenvironment (soil) [4]. These include
investigating FOXO3a, a Forkhead box O transcription factor, and
IL12RB1, a Th17 cell-related marker, which we have found to be
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potential prognostic survival markers in this cancer. Recently, we
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have established that serum MCP-1 could be a promising and
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tumour shrinkage (partial response, PR) in 37% of
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aiming

tumour

patients and disease stabilization (SD) in another 16%

serum AFP+MCP-1 model for improved early HCC detection [5].
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[1]. This was followed by two dendritic cell (DC) cancer

patients. We have developed a number of clinical

vaccine trials: an allogeneic lysate-pulsed autologous

cell-based

and

dendritic cell (DC) cancer vaccine (MelCancerVac®,

successfully conducted a series of clinical trials using

collaboration with Dandrit Biotech A/S, Denmark;

these strategies for treating solid tumours such as

2005-2006) that achieved a clinical benefit rate of 40%

colorectal cancer and the EBV-associated cancer,

(1 PR and 7 SD) among the 20 advanced colorectal

nasopharyngeal carcinoma (NPC).

cancer patients recruited (Figure 1) [2], and an Ad5f35-
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LMP1-2 adenoviral vector-transduced DC vaccine
Highlights include a non-myeloablative blood stem

(collaboration with the Center for Cell and Gene

cell transplantation +/- delayed donor lymphocyte

Therapy (CAGT), Baylor College of Medicine, Houston,

infusion therapy for 21 refractory Stage IV NPC

Texas, USA; 2007-2008) that saw two patients (12.5%)

Figure 2: Scheme of
the Phase 2 clinical
trial of combined
gemcitabine and
carboplatin (GC)
with adoptive
EBV-specific T cell
therapy (conducted
in 2008-2012).
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LABORATORY OF
MOLECULAR ENDOCRINOLOGY
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Figure 1: Schematic showing how orthotopic models of human
hepatocellular carcinoma (HCC) are created from primary HCC tumours.
Drug discovery program in HCC is shown.
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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 programs, 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.
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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 program. Already, our
therapeutic program 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 qualified participants, one reached complete response, two reached partial response, 14 reached

compared with sorafenib alone. This finding has led to the development of a Phase 1 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 one 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.
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CC is the third largest cause of cancer-related death worldwide. Despite the obvious clinical efficacy of

stable disease and three had progressive disease. As another example, using the
Vehixenografts
A models,B we also C
showed that AZD6244, a potent MEK inhibitor, when combined with sorafenib, ledcle
to higher potency and efficacy
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Figure 2: National Xenograft Therapeutic Programs (NXTP): Translational
platforms for personalized therapy.
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In the field of liver cancer, our laboratory focuses on three main research. The first research focuses
on understanding how chronic inflammation can lead to cancer and how we can develop 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 are also interested in investigating how the hepatitis B virus (HBV) plays a role in
cancer development. We found that HBV frequently integrates into chromosome 10 in the tumours
and this translates into poor prognosis. The third major research focus in this field is to identify
novel molecular biomarkers that can help detect liver cancer at an early stage more accurately and
/ or predict response to specific treatment. Novel microRNAs have been identified by the lab that
could potentially serve as biomarkers.
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and preferential integration into chromosome 10 is

In the second HCC research program, we employed
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next-generation sequencing (NGS) technologies to
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Our laboratory has also clarified the role of HBx in

well as elucidate the role of HBx, a protein within

modulating p53 transcription regulation by showing
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underlying

chronic

Figure 1: Characteristics of HBV integration sites.

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,
providing new insights to host transcription deregulation by the viral
oncoprotein. We have also identified miR-224 as highly upregulated
in HCC and 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 potenital molecular biomarkers for early detection of
HCC or treatment response.
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Figure 2: Model illustrating p53-mediated
deregulation of p53AIP1 by HBx.
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Figure 1: The progression of hepatocellular carcinoma (HCC) over time
under various conditions (top) and the spectrometric profile identifying the
presence of carnitine only in tumour samples.
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initiating clinical trials. The action of p73 is more complex as it is heavily

oncogenic effects, which could pave the way for studies aimed at
spliced at the carboxy-terminus, and an internal promoter in intron 3
results in the generation of a truncated protein (delta N-p73) that has

We utilise mouse models for biomarker discovery and to understand the molecular pathways that
are progressively deregulated by various etiological factors during HCC formation. For example,
the Hepatitis-B surface antigen transgenic mouse has been used as a model for hepatitis carriers.
These mice are then exposed to various environmental factors such as aflatoxin B1 (AFB1), highfat diet, or are induced with cirrhosis, in order to perform a longitudinal and systemic analysis to
characterize the step-wise events that lead to hepatocarcinogenesis, and to discover biomarkers for
early diagnosis. We have recently completed studies using AFB1 to induce hepatocarcinogenesis,
and have validated pathologically and molecularly that the model is similar to the human context
(Figure 1). Moreover, and importantly, carnitine was identified as being present only in HCC-bearing
mice, which was validated in the sera of human HCC patients, highlighting the utility of these models
in understanding the pathogenesis of HCC. These models could therefore be exploited further for
identification of biomarkers and nodal points for targeted therapy.

oncogenic properties, which is in contrast to the proposed tumour
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TAp73 is not only a strict tumour-suppressor but is capable of providing

ork in the Sabapathy laboratory over the

Figure 2). Although p53 and p73 belong to the same

years has focused on understanding the

family of tumour suppressors, p53 is mutated in more

molecular mechanisms that result in the

than 50% of all human cancers, whereas p73 is over-

transformation of a normal cell to a cancer cell, so that

expressed in many of them. Recent work has been

efficient therapeutic strategies against the latter can

aimed at understanding the role of mutant p53, through

be developed. In this respect, the Sabapathy laboratory

the use of genetically-engineered mouse models,

focuses on studying the role of the p53/p73 tumour

which have demonstrated that not all p53 mutations

suppressors, which regulate cell-fate in response to a

affect the activity of the tumour suppressor in the

multitude of environmental and stress factors, including

same way. Moreover, these findings have suggested

chemo- and radiotherapeutics, achieved through the use

that therapeutic manipulation of p53’s activity should

of “knock-in” mouse models and mammalian genetic

be carefully orchestrated in order to enhance only the

screens, besides conventional strategies (please see

tumour-suppressive effects without promoting the

suppressor role of the full-length TAp73 form. However, TAp73 is also
over expressed in many cancers, suggesting that p73 has other roles
besides tumour suppression. Recent work has uncovered mechanisms
that differentially regulate the different p73 forms, which has led to
an increased understanding of the regulation of p73 stability through
canonical and non-canonical pathways of degradation. Moreover and
importantly, the role of p73 in cancers has been established in a series
of experiments showing that the TAp73 form can indeed contribute to
cellular survival, a notion that is concordant with its up-regulation in
several human cancers. Together, these findings demonstrate that
survival signals that are will be amenable to therapeutic targeting.

Figure 2
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SIGNATURE PROGRAMME:
LYMPHOMA
By Bin Tean Teh, Soon Thye Lim and Soo Yong Tan

The lymphoma research group at NCCS is a multi-disciplinary team headed by Prof
Bin Tean Teh (Director of NCCS-VARI Translational Cancer Research), A/Prof Soon
Thye Lim (Head of Department of Medical Oncology) and Dr Soo Yong Tan (Director of
SingHealth Tissue Repository). The team is involved in unravelling new genomic and
pathological insights in lymphomagenesis and translating them into meaningful novel
treatment approaches for our patients through their participation in clinical trials.

L

ymphomas are
malignancies
originating from
the lymphatic system
and can be classified
into two categories
namely Hodgkin’s (HL),
and
Non-Hodgkin’s
(NHL) lymphoma. NHL
can be further divided
into B-cell NHL and
T- and NK/T-cell NHL.
In Singapore, these
categories of lymphoma
are now amongst the
top 10 cancers in both
males and females. In
fact, the age-adjusted
rate of lymphoma (15.6 per 100,000) has exceeded that of stomach cancer (12.8 per 100,000) and
nasopharyngeal cancers (9.5 per 100,000) and is comparable to HCC (17 per 100,000). While there
has been considerable national emphasis on certain cancers, such as hepatocellular and gastric
cancers, there are currently no concerted efforts to meet the challenges posed by the rising rates
of lymphoma, which is an Asian-centric disease. Thus, there is a strategic need to further study this
disease and our team is committed to advancing the research and progress in this field.
Our initial epidemiological and molecular studies have yielded interesting observations and given us
directions for our current research and collaborations. Key observations include a significantly higher
incidence of lymphomas of the T and NK lineages in Asia and Singapore as compared to that in Western
countries. Both genetic and environmental factors, particularly infections, are likely to be implicated.
NK/T-cell NHL, for instance, 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),
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are also frequently
associated with EBV
infection. It is plausible
that chronic stimulation
by EBV infection and
other yet identified
microbes might be
implicated
in
the
pathogenesis of at least
some cases of T- and
NK/T-cell NHL. These
lymphomas carry a poor
prognosis. Consistent
with
international
reports, in our series, the
3-year overall survival
rates for patients with
T- and NK/T-cell NHL
were only 47.5% and
29.5%. In comparison,
the
5-year
overall
Extract from Sunday Times, 17 June 2012
survival for patients with
diffuse large B cell lymphoma (DLBCL) exceeds 65%. Several reasons account for the poor outcome
for patients T- and NK/T-cell NHL. Firstly, these diseases represent a heterogeneous group that,
at present, are treated with CHOP/CHOP-like regimens (cyclophosphamide, hydroxydaunorubicin,
oncovin and prednisolone) in first line, a strategy adopted from the management of aggressive B-cell
disease. Most physicians who specialize in the care of lymphoma patients recognize that the results
of treatment with CHOP/CHOP-like regimens are far from optimal for T-cell and NK/T-cell NHL, and
that new treatment agents are needed for these patients. In fact, the National Cancer Comprehensive
Network (NCCN) recommends that all patients be enrolled into a clinical trial in both the first line
as well as relapsed setting, underscoring the point that current practices are not optimal and new
paradigms are urgently needed.
However, recruiting patients with T- and NK/T-cell NHL into well-designed clinical trials is fraught
with difficulties. Indeed, 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 Organization (WHO) classification of Haematopoietic and Lymphoid Disease recognizes
at least 15 to 20 subtypes. With current immunophenotypic and molecular markers, up to 50% of
peripheral T-cell lymphoma (PTCL) cases cannot be adequately classified and are categorized as
peripheral T-cell lymphoma-not otherwise specified (PTCL-NOS). In contrast to other categories of B
cell lymphomas and haematologic malignancies, in which cytogenetic analyses have been very useful
in identifying recurrent translocations and elucidating their pathogenesis and prognosis, very few
recurrent genetic alterations have been described T- and NK/T-cell NHL. The challenges of making
an accurate diagnosis, coupled with the lack of reproducibility between pathologists, make it difficult
to match appropriate patients with specific targeted treatments and suitable clinical trials.
To make progress in the diagnosis, prognostication and therapeutic intervention for patients with
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PTCL and NKTL, a better understanding of the pathogenesis and biology of these tumours is urgently
needed. High-throughput genomic studies in T- and NK/T-cell NHL offer a unique opportunity to
better understand their molecular pathogenesis, including the identification of novel translocations,
and to establish new paradigms; these are strategies that our team has employed to further our
research. The following are some examples of our recent discoveries:
1

2

3

4

Gene expression profiling and sequencing identified that a subset of patients with PTCL-NOS,
also called F-PTCL, are biologically more similar to AITL, and may share similar recurrent
translocations; this suggests that we may need to refine and review the molecular basis for our
existing WHO classification.
Whole-exome sequencing followed by validation with both Sanger sequencing and high resolution
melt led to the identification of 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; these results indicated that JAK3 might
be a potential therapeutic target for this otherwise fatal disease. This was the basis with which we
initiated a new clinical trial using a JAK inhibitor for patients with relapsed and refractory NK/Tcell NHL.
Recently, we published two key papers on Epitheliotrophic Intestinal T-Cell Lymphoma (EITL),
previously referred to as type II enteropathy-associated 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, we reported that expression of a novel
marker, Megakaryocyte Associated Tyrosine Kinase (MATK) that could accurately distinguished
EITL from other subsets of T-cell lymphoma in the intestines. We intend to unravel the mechanistic
role of MATK in further functional studies to identify new diagnostic and treatment targets. To this
end, we have also established cell lines and xenografts from local patients to facilitate these
molecular studies.
Genome-wide association studies (GWAS), conducted on 253 Chinese individuals with B-cell NHL,
identified a new susceptibility locus, rs6773854, located between BCL6 (encoding B cell lymphoma
protein 6) and LPP (encoding lipoma preferred partner) on oncogene-rich chromosome 3q27 that
was significantly associated with increased risk of B cell NHL (meta-analysis P = 3.36 × 10(-13),
per-allele odds ratio (OR) = 1.44) and, particularly, with diffuse large B cell lymphoma (DLBCL)
(meta-analysis P = 1.14 × 10(-11), OR = 1.47). Moving forward, we want to identify familial risk
factors for developing lymphoma and populations that would benefit from screening for lymphoma.

Our research draws together a national and international team comprising 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 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), Asian Lymphoma Study Group (comprising centres from Hong Kong, Korea,

Taiwan, China, Malaysia, Indonesia and Thailand) and international collaborators from the USA (the
National Institute of Health, University of Nebraska and Genomic Medicine Institute, Cleveland Clinic).
Importantly, our research also complements a nationwide genomic profiling program POLARIS
(Personalised OMIC Lattice for Advanced Research and Improving Stratification). Consistent with the
mission of POLARIS, we aim to administer the right therapies to the right patients at the right time.
Our goal is to establish collaborations and synergy across all levels in Singapore so as to maximize
resources and to increase the likelihood of significant success in realizing Singapore’s goal as a
biomedical hub.
Our team’s overarching aim is to address pressing clinical challenges faced by clinicians worldwide
in treating T- and NK/T-cell NHL through:
1
2
3

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 the basis for rational, targeted molecular therapy in T- and NK/T-cell NHL.

A/Prof Soon Thye Lim is the Head of Medical Oncology National Cancer Centre Singapore. 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. A/Prof Lim’s main focus is
lymphoid malignancies, with a particular research interest in T-cell and NK/T-cell lymphomas. He
has published more than 60 peer-reviewed papers in major international journals.
Dr Miriam Tao is a Senior Consultant and Head of the Stem Cell Transplant Unit in the Department
of Medical Oncology, National Cancer Center Singapore. Her research interest focuses on improving
outcomes for patients who undergo autologous stem cell transplantation.
Dr Tiffany Tang is an Associate Consultant and has a keen research interest in novel molecular
targeted therapy 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.
Dr Kheng Wei Yeoh is a 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.
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LABORATORY OF
CANCER EPIGENOME
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of Liver Fluke-associated
Cholangiocarcinoma. Nature
Genetics. 2012;44(6):690-3.
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Principal Investigator
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Division of Medical Sciences
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Senior Principal Investigator,
Cancer Science Institute of
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National University Singapore
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Figure 2: Mutational signature of Aristolochic Acid.

2

identify novel biomarkers that can help determine the nature
and behaviour of the disease as well as predict patient
responses to certain drugs; and

3
Our group focuses on genomic studies of cancers prevalent in South-east Asia, such as NK/T-cell lymphoma,

identify novel therapeutic targets that can be further developed
into drugs against these cancers.

liver and bile duct cancer (Figure 1), and certain forms of kidney cancer (Figure 2). Working closely with
clinicians, including oncologists and pathologists, we previously identified frequent changes or mutations in a

We have previously identified frequent mutations in chromatin

group of genes called chromatin enzymes in these cancers. We are currently trying to understand the roles of

enzymes in most of these cancers. In order to better understand

these genes in cancer and their clinical implications. The mutations in these genes are being correlated with

their roles, we have established cell lines from patient cancer

various clinical parameters, such as tumour grade, stage and survival. We then undertake experiments that

samples, characterized these mutations, and then subjected them

reduce or increase the level of these genes in the cancer cells to examine their effects on growth. Finally, we

to shRNA and synthetic lethality screening.

have established cell lines from patient cancer tissue samples and are seeking to identify novel therapeutic
agents that target this group of genes.

We work closely with practising oncologists and pathologists and

W

e

focus

Asian

on

cancers

genomic
using

profiling

of

cutting-edge

technologies, such as whole-exome/

genome sequencing. The data is then correlated
with clinicopathological information including how
patients respond to certain drugs.

Understand

pharmaceutical companies, particularly in pre-clinical studies on
these newly developed therapeutic agents.
To date, our laboratory has been instrumental in establishing
NCCS, including lymphoma, sarcoma, hepato-biliary cancer,

the

molecular

mechanism(s)

underlying the development and growth of
these cancers;
Figure 1

We also have extensive collaborations with biotechnology and

several cancer type-based translational research groups at the

Our goals are to:
1

provide training of translational research to clinician scientists.

head and neck cancer, urological cancer, and peritoneal cancer.
Our group places an important emphasis on collaboration (both
local and international), which has been the key to our scientific
breakthroughs.

5. Poon SL, et al. Genome Wide
Mutational Signatures of Aristolochic
Acid and Its Application as a
Screening Tool. Science Translational
Medicine. 2013 (In Press).
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SIGNATURE PROGRAMME:
LUNG, HEAD AND
NECK CANCERS
By Gopal Iyer and Darren Wan Teck Lim

The lung, head and neck cancer research program 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 to eradicate tobacco use, to novel
imaging techniques and first-in-human clinical trials. The disease processes, though
diverse, are united by a multidisciplinary team, with significant cross-interest across
the disease processes and research methodologies.

L

ung cancer is the second most common
cancer in Singapore. Although it has been
traditionally linked with tobacco abuse,
unique to Asia is the oncogene-dependent
adenocarcinoma, which tends to occur in
nonsmokers and can be targeted for response
using small molecule inhibitors against epidermal
growth factor receptor (EGFR) tyrosine kinase
or anaplastic lymphoma kinase (ALK). This
clinical phenotype lends itself to specific genetic
and cellular contexts that excite new research.
Sustaining this research involves the maintenance
of disease-specific databases; the identification
of clinical, pathological and molecular prognostic
factors; analyses of patient-derived samples
using state-of-the-art technologies; and the
establishment of appropriate patient-derived
models and clinical trials. The latter ranges from
first-in-human studies of novel compounds, which
can be conducted within the centre, to being
the leaders in conducting phase 3, multi-centre
international trials.
Our cutting-edge translational research in lung
cancer requires access to technology, which can
be limited because of funding scarcity. The team
has overcome these issues by major collaborations
on specific projects with the Genome Institute of
Singapore (Dr Bing Lim; patient-derived models

and stem cells) and Duke-NUS (Prof Bin Tean
Teh; circulating tumour cells; A/Prof Patrick
Tan; genomics of lung cancer). Furthermore,
it is envisaged that our participation in the
POLARIS program will help in the generation of
personalised medicine initiatives. Within NCCS
itself, the focus has been on translational 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 or
human papillomavirus (HPV) infection. The
effective management for HNSCC demands a
multidisciplinary approach involving surgery,
radiation and chemotherapy. While emerging
data suggest that individualised, targeted
therapy can further improve patient outcome
in the appropriate genetic and cellular context,
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 the multidisciplinary approach
that requires maintaining an annotated database
of tissue samples and the use of state-of-theart 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
for cancer prevention. Collaborations with allied
health professionals are 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 program is nasopharyngeal
carcinoma (NPC), which is endemic to Southeast 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 problems that need to be
addressed. Firstly, many patients succumb to
the disease as a result of cancer metastasis.
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. Secondly, apart from its
association with the Epstein Barr Virus, there are no
common genetic pathways of carcinogenesis that
have been identified to date. Hence, new strategies
are required to identify tumour-associated genes

involved in NPC carcinogenesis for potential
therapeutic intervention. Thirdly, patients who
survive the disease have a high propensity for
recurrence and development of a second primary
cancer. With higher success rates in the treatment
of the primary disease, the incidence of the latter
is increasing. This results in 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:
1. Use
high-throughput
technologies
to
appropriately profile tumours within specific
clinical and molecular contexts.
2. Optimize and apply novel diagnostic and
therapeutic strategies using cutting-edge
biophotonics and imaging technologies.
3. Identify novel prognostic biomarkers and
therapeutic targets for lung, head and neck
cancers, in the context of conventional and
molecularly targeted therapeutics.
4. Develop a basis for the rational application for
conventional and molecular therapy in lung,
head and neck cancers.
5. Translate these insights into appropriate
level clinical trials, integrating designs for
biomarker and response studies.
In order to achieve the aims of the program,
the team is focused on an array of clinical
and translational research themes, which are
highlighted in the following sections.
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a head and neck cancer database for surgical
patients, 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
running two Phase 3, randomised controlled trials
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, including robotic surgery, for thyroid,
oropharyngeal and nasopharyngeal cancers.

Clinical Research
Lung, head and neck cancer management
demands a multidisciplinary approach that
incorporates surgery, radiation therapy and
chemotherapy. Other important areas of focus
include the development and use of novel
technologies to improve diagnostics 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 NCCS, and
is actively involved in clinical and translational
research across a range of different projects. He
currently leads the only multi-centre, Phase 3
clinical trial in Asia, involving 11 countries and 22
centres. This trial, the first of its kind, examines
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 3 trials in head and neck oncology.
Dr Gopal Iyer and Dr Hiang Khoon Tan lead
the Head and Neck Research Program in the
Department of Surgical Oncology, NCCS. Their
clinical research includes the establishment of

Dr Joseph Wee, the Chairman of the Medical
Board, NCCS, leads the clinical research program
for nasopharyngeal carcinoma (NPC). As part
of this program, he has just completed a Phase
3 randomised trial exploring the effectiveness of
neo-adjuvant chemotherapy for advanced NPC.
This is his second major Phase 3 trial studying
effective treatment strategies for NPC. Apart from
clinical research, he is also heavily involved in
several studies that examine the epidemiology of
NPC and endemic NPC populations.
Dr Ngian Chye Tan is a Head and Neck
reconstructive surgeon, with a main research
focus development of novel approaches in head
and neck reconstruction, management of complex
wound care, quality of life analysis in patients
after major head and neck surgery and surgical
management of migraine.
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 patient with such tumours.
Dr Eng Huat Tan is the Director of Clinical Trials
and Epidemiology Unit and the lead investigator for
the Lung Cancer Translational Clinical Research
Program, a large-scale effort involving several
investigators at the Outram campus (in NCCS, SGH
and Duke-NUS) as well as those at TTSH, CGH,
NUHS and the Genome Institute of Singapore. The

program 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.
A/Prof Darren Wan Teck Lim is working with the
NUS Mechanobiology Centre and Clearbridge
Biomedics Ltd to optimise a locally developed
system for capture and analysis of Circulating
Tumour Cells (or CTCs) to improve our
understanding of tumour biology and treatment
selection for patients.
Dr Daniel Shao Weng Tan is focused on
Individualised Molecular Profiling for Allocation to
Clinical Therapeutics (IMPACT). He is working with
several pharmaceuticals 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) program. 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 Genome Institute of
Singapore.
A/Prof Heng Nung Koong is the Head of Surgical
Oncology, NCCS and his main focus is on endgame strategies in tobacco control. He heads
an ambitious program designed to address the

public health impact of tobacco-related disease in
the population, and has set up programs to alter
national and international policy on the sale of
tobacco products to minors. (Please refer to Pg
108 for more information).
Translational Research
Apart from clinical research, Dr Gopal Iyer and
Dr Daniel Tan co-lead the Cancer Therapeutics
Research Laboratory, which aims to integrate
clinical outcomes and therapeutic response data
with state-of-the-art approaches in molecular
biology and genomics, with an aim to understand
drug response pathways and biomarkers that are
predictive of responses.
Dr Baskar Rajamanickam leads the efforts of the
Molecular Radiobiology Laboratory, which aims
to determine factors that influence lung cancer
cell responses to radiotherapy and the inherent
effect of radiology on bystander cells that leads to
complications, such as pneumonitis.
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 of using various properties
of light and fluorescence technology in diagnostics
of mucosal malignancies, and harnessing the
potential of photodynamic therapy as an adjunct to
conventional treatment of these cancers.

RESEARCHERS

Dr Mei Kim ANG

Dr Gopal IYER

Dr Daniel Shao Weng TAN Dr Hiang Koon TAN

A/Prof Heng Nung
KOONG

Dr Ngian Chye TAN

Dr Baskar
A/Prof Darren Wan Teck
RAJAMANICKAM
LIM

Prof Khee Chee SOO

A/Prof Patrick TAN

Dr Patricia THONG

Prof Bin Tean TEH

Dr Eng Huat TAN

Dr Joseph WEE

44

National Cancer Centre Singapore

National Cancer Centre Singapore 45
HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

HUMPHREY OEI INSTITUTE OF CANCER RESEARCH

CANCER THERAPEUTICS
RESEARCH LABORATORY
Gopal IYER, MBBS (Hons), PhD
(Cantab), FRCS (Gen), FAMS
Co-Principal Investigator
Cancer Therapeutics Research
Laboratory,
Division of Medical Sciences

Research Staff:
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Lim/Axel Hillmer): Lung Cancer Translational Clinical Research
program “Targeting Stem Cells and Drug Resistance in NSCLC”
d

Head and Neck Service, Memorial Sloan-Kettering Cancer Center:
Genetic basis of adenoid cystic carcinomas of the head and neck

Specific Projects:
1. 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 ‘lowcarcinogenic exposure’ population. Microarray data performed

Senior Consultant,
Division of Surgical Oncology
gopaliyer@nccs.com.sg

shows distinct pathways are pre-eminent in young versus old

Daniel Shao Weng TAN, MBBS
Co-Principal Investigator
Cancer Therapeutics Research
Laboratory,
Division of Medical Sciences
Consultant,
Division of Medical Oncology
daniel.tan.s.w@nccs.com.sg

mutations. This will be validated on an annotated set of patient-

The Cancer Therapeutics Research Laboratory is led by Dr 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
clinician-scientists, with an active clinical practice in the two subspecialties. In the era of rapidly evolving

tongue cancers, especially in women. Exome sequencing has
been completed and is currently under analysis to identify somatic
derived samples (70 from frozen and 80 from paraffin-embedded
tissues). Pathway validation will be performed using patientderived primary cell culture models (currently 8 lines in culture).
Tissue procurement is on-going to collect more tumour samples
for sequencing and for the generation of cell lines.
2. 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
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therapeutic goals and strategies, one of their key objectives is to synergise laboratory and clinical research

that provide insight into drug effect and resistance. Enrichment

efforts to address questions directly relevant to patient care. Combining expertise in developing representative

strategies include medium-throughput profiling of tumour samples

preclinical models—for example, patient-derived cell lines, genetic profiling, biomarker development as well

(both retrospective and prospective), and will provide invaluable

alterations in the context of the cell-

as access to novel therapeutics—the predominant theme is to facilitate bidirectional research from bedside

information of the molecular epidemiology of the cancer, so that

of-origin. Thirdly, to interface with the

to bench. This lab also works closely with Clinical Pharmacology Lab (NCCS), Translational Pathology Centre

combinatorial therapeutic strategies can be developed specific to

various trials involving the use of EGFR

(SGH), Experimental Cancer Therapeutics Unit (NCCS), and Investigational Medicine Unit (SingHealth).

our patient population. Such efforts are currently on-going using

inhibitors (including the Phase 3 head

the Sequenom Massarray platform, and newer technologies are

and neck nimotuzumab study, Phase 1b

continually being evaluated.

trial of BKM120 and gefitinib in NSCLC)

W

specific actionable questions.

e focus on head, neck and thoracic
malignancies, to drive research that is based
on clinic-derived questions and observations.

In order to execute these projects, the laboratory has a

to determine EGFR status in patients,
3. Role of EGFR mutations and variants on response and resistance

as well as biomarkers and pathways of

The projects revolve around the following themes:

strong interface with a number of key collaborators with

to EGFR-inhibitors: This is a multi-institutional project based on

responders and non-responders to the

1

Biomarker development for prognostication and

specific projects:

observations of patient responses to EGFR inhibitors, commonly

drugs.

tumour response to conventional and targeted

a. Translational Pathology Centre (Dr Tony Lim): Tumour

used in head, neck and thoracic cancers. There are several aims

microarrays, immunohistochemistry

to this study. Firstly, the study aims to characterise novel mutations

IMCB-NCC-MPI Singapore Oncogenome Program,

involved in EGFR-inhibitor sensitivity and resistance identified in our

Medium throughput genetic profiling using Sequenom

IMCB, A*STAR (Dr Boon Tin Chua): ACK-1 clinical

patients, specifically in relation to receptor dimerisation, activation

and other emerging platforms (Ion Torrent, Illumina

validation, and preclinical experiments with PI3K

of downstream signalling as well as effecting apoptosis. Secondly,

MiSeq).

inhibitors in NSCLC; functional analyses of EGFR

to establish the validity of novel treatment strategies in both NSCLC

Functional studies of observations from the clinic

signalling

cell lines as well as HNSCC primary cell line models developed in

Genome Institute of Singapore, A*STAR (Dr Bing

the lab, including specific variant III inhibitors. Importantly, such

therapeutics, and for the support of pharmacodynamic
analyses in early phase trials.
2

3

using patient-derived tumour models, with a focus on

b

c

an approach will provide a unique opportunity to examine genetic
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LABORATORY OF
MOLECULAR RADIOBIOLOGY

Selected Publications
1.Baskar R, Yap SP, Chua KL, Itahana
K. The diverse and complex roles
of radiation on cancer treatment:
therapeutic target and genome
maintenance. Am J Cancer Res.
2012; 2(4): 372-382.

Baskar RAJAMANICKAM, PhD
Senior Scientist
Laboratory of Molecular
Radiobiology,
Division of Cellular &
Molecular Research

2. Baskar R, Lee KA, Yeo R, Yeoh KW.
Cancer and radiation therapy: current
advances and future directions. Int J
Med Sci. 2012; 9(3):193-139
3. Baskar R. Emerging role of
radiation induced bystander
effects: cell communications and
carcinogenesis. Genome Integr. 2010,
1(1):13.

r.baskar@nccs.com.sg

Research Staff: Jiawen DAI

Member,
Academic Medical Research
Institute

Figure 2: Fractionated irradiation on lung cell survival.

treatment outcome.
The molecular radiobiology laboratory at NCCS focuses on

Research in our laboratory focuses on lung cancer and its control by using radiation treatment. Lung
cancer (Figure 1) is one of the most important disease in respiratory medicine and accounts for 13%
(1.6 million) of the total cases and 18% (1.4 million) of the deaths in 2008 globally, also a commonest
cause of cancer related death in both men and women. Though radiotherapy or radiation therapy is
the most important non-surgical modality for the curative treatment of cancer, its success depends
principally on the total radiation dose given, though tolerance of normal tissues surrounding the
tumour limits the radiation dose. The overall goal of our laboratory is to understand how to deprive
cancer cells’ multiplication potential and destroy the cancer cells (Figure 2) to improve the radiation
treatment efficacy while protecting the adjacent normal cells.

tackling the following questions:
1

What criteria drive the cancer cells to resist the treatment
and repopulate?

2

How does a cancer cell switch from a recovery (repair)
program to destructive cell death?

3

How to protect the normal cells or identify patients with high
risk?

Research in our laboratory thus focuses on undertaking a
series of hypothesis-driven, mechanistic studies targeting ATM/

R

ATR (DNA damage and repair) and RAS/PI3K (cell survival or

ecent advances in radiotherapy have enabled

treatment resistance) pathways to provide new opportunities to

the use of different types of radiation sources

design molecularly targeted therapies to increase the therapeutic

like photons and protons for a better cancer

window of radiation therapy for better cancer control.

treatment efficacy. Overall radiotherapy remains an
important treatment with approximately 50% of cancer
patients receive radiotherapy at some point during the
course of their treatment, majority of these patients
are treated with curative intent. Although various
molecular mechanisms have been revealed in the
recent years, we still do not have a clear understanding
of how to selectively destroy the cancer cells (Figure
3), and further how to control the re-population during
the treatment period. As radiotherapy is utilised to
treat over 50% of cancer patients, there might be
new strategies that could inhibit the re-population
of tumour cells, having the potential to improve the

Figure 1: Lung cancer.

Figure 3: Pattern of two major mechanisms of cell kill.

4. Nomura T, Hongyo T, Nakajima H,
Li LY, Syaifudin M, Adachi S, Ryo H,
Baskar R, Fukuda K, Oka Y, Sugiyama
H, Matsuzuka F. Differential radiation
sensitivity to morphological,
functional and molecular changes
of human thyroid tissues and bone
marrow cells maintained in SCID
mice. Mutat Res. 2008, 657(1): 68-76
5. Baskar R, Balajee AS, Geard CR.
Effects of low and high LET radiations
on bystander human lung fibroblast
cell survival. Int J Radiat Biol. 2007,
83(8): 551-559.
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TAN CHIN TUAN LABORATORY OF
OPTICAL IMAGING AND
PHOTODYNAMIC THERAPY OF CANCER
Khee Chee SOO, MBBS, MD,
FRACS, FACS, FAMS
Principal Investigator
Tan Chin Tuan Laboratory
of Optical Imaging and
Photodynamic Therapy of
Cancer,
Division of Medical Sciences

Research Staff: (left to right)
Kar Perng LOW, Hui Jin TOH, Pui Haan CHANG, Chuan Sia TEE,
Bhuvaneswari R, Lucky SS, Patricia THONG

Selected Publications
1. Thong PS, Ong KW, Goh NS, Kho
KW, Manivasager V, Bhuvaneswari
R, Olivo, M, Soo KC, Photodynamic
Therapy-Activated Immune
Response Against Distant Untreated
Lesions In Recurrent Angiosarcoma,
Lancet Oncol. 2007, 8(10):950-952.

PDT of the oral
cavity being
carried out in a
hospital ward.

Fluorescence endoscopy and optical spectroscopy can complement
current clinical diagnostic techniques for oral cancer. Oral cancer
lesions exhibit higher fluorescence compared to benign lesions,

Director,
National Cancer Centre
Singapore

which is the basis for diagnostic fluorescence imaging. Compared

admskc@nccs.com.sg

the use of virosomes as targeted drug delivery systems to increase

Our laboratory focuses on optical diagnosis and photodynamic therapy (PDT) of cancer. Non-invasive
diagnostic techniques studied include endoscopy and spectroscopy. Oral cancer lesions exhibit
higher fluorescence compared to normal tissue, thus providing a basis for diagnostic fluorescence
imaging (Figure 1). We are also studying the use of Surface Enhanced Raman Spectroscopy to detect
oral cancer biomarkers in saliva for diagnostic purposes. In cancer therapy, we aim to develop PDT
for clinical use in the treatment of various cancers, including head and neck cancers. During PDT of
a patient with multifocal angiosarcoma, a PDT-activated immune response against untreated lesions
was documented and reported for the first time. In order to achieve better treatment outcome, we
are investigating the use of anti-angiogenic agents in combination with PDT. We are also developing
non-invasive spectroscopic techniques to monitor early treatment response.

to white light endoscopy, fluorescence endoscopy using hypericin
provides sensitivity and specificity of over 90% [2]. We are studying
tumour uptake of photosensitizer and enhance image contrast.
Autofluorescence and diffuse optical spectroscopy is a promising
drug-free approach for cancer diagnosis. Analysis of pilot clinical
data using principal component analysis showed distinct data
clusters between cancerous versus normal tissue. This approach can
potentially be developed into a model for oral cancer diagnosis. We
are also studying the use of Surface Enhanced Raman Spectroscopy
to detect oral cancer biomarkers in saliva samples for diagnosis. In
therapeutics, we aim to develop PDT for clinical use in the treatment
of various cancers, including head and neck cancers. During PDT
of a patient with multifocal angiosarcoma, a PDT-activated immune
response against untreated lesions was documented and reported
for the first time [1]. We have conducted basic research to optimise
PDT parameters prior to future clinical trials. Preclinical in vivo
studies show the upregulation of epithelial growth factor receptor
(EGFR) following PDT thus providing the rationale for the use of
PDT and anti-angiogenesis combination therapy to achieve better
tumour control [3, 5]. We have also developed a spectroscopybased PDT response monitoring system for non-invasive real-time
measurements of tumour oxygen saturation levels and blood flow
in collaboration with NTU [4]. Results show that the response of
these haemodynamic parameters following PDT correlate with
the treatment outcome. In order to tap on the deeper penetration
power near infrared (NIR) light, we are collaborating with NUS to
develop a novel NIR-activated PDT technique.

Figure 1: Diagnostic fluorescence imaging schematic.

2. Thong PS, Olivo M, Chin WW,
Bhuvaneswari R, Mancer K, Soo KC,
Clinical application of fluorescence
endoscopic imaging using hypericin
for the diagnosis of human oral
cavity lesions, Br J Cancer 2009,
101(9):1580-1584.
3. Bhuvaneswari R, Gan YY, Soo KC,
Olivo M, Antiangiogenesis agents
avastin and erbitux enhance the
efficacy of photodynamic therapy in a
murine bladder tumor model, Lasers
Surg Med. 2011, 43(7):651-62
4. Dong J, Bi R, Ho JH, Thong PS,
Soo KC, Lee K, Diffuse correlation
spectroscopy with a fast Fourier
transform-based software
autocorrelator, J Biomed Opt. 2012,
17(9):97004-1.
5. Bhuvaneswari R, Thong PS, Gan
YY, Olivo M, Soo KC, Combined
use of anti-VEGF and anti-EGFR
Monoclonal Antibodies with
Photodynamic Therapy Suppresses
Tumour Growth in an In vivo Tumour
Model, J Cancer Sci Ther. 2013,
5(3):100-105.
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COMPREHENSIVE PROGRAMME:
GASTROINTESTINAL CANCERS
By Oi Lian Kon and Iain Bee Huat 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 cancer-related 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.

1

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

Investigators: Clarinda Chua, Dawn Chong,
Sven Pettersson
2

Pre-invasive disease: Pre-invasive lesions
are well recognized in both stomach and
colon cancers and stepwise models of the
molecular events underlying the progression
of pre-invasive to invasive disease have

4

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 pre-invasive lesions to invasive disease?

Diagnosis of early-stage GI cancers: In
colon cancer, randomised trials show that
population based 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

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

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

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

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 programs in patients with earlystage GI cancers?
Investigator(s): Iain Bee Huat Tan,
Melissa Teo
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 post-operative 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

Investigators: Iain Bee Huat Tan, Melissa
Teo, Clarinda Chua, Michael Wang, Matthew
Ng, Francis Chin

Investigators: Dawn Chong, Sven Pettersson,
Wah Mak Tak
3

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 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

been proposed. However, interventions that
can retard or reverse these processes are
currently unknown.

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

detection of recurrent GI cancers leading
to better cure rates amongst patients with
recurrent GI cancers?

Gross Morphology

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 for our scientists
and clinicians. We are also keen to work with like-minded collaborators to advance the
knowledge and understanding of GI cancers.

countries. The current techniques involve
invasive procedures, and test capability can
be improved.

5

Surveillance in initial early-stage GI cancer:
In colon cancer, randomised studies show that
surveillance programs designed to monitor
and detect early recurrence can improve
overall survival. However, current techniques
still lack sensitivity and specificity.

Can we develop better tools to permit early

H&E Section
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impediment to durable disease control is the
almost inevitable emergence of resistance to
therapy. Peritoneal carcinomatosis, common
in GI cancers in particular, contributes to
substantial morbidity and mortality.

Can we improve the effectiveness of
cytoreductive therapies to increase the
proportion of patients with advanced GI
cancer 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?
Investigators: Matthew Ng, Iain Bee Huat
Tan, Melissa Teo, Caroline Lee, Oi Lian Kon
Clinical Research
The mission of the Gastrointestinal Cancer
Comprehensive Disease Program 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 &
translational science, medical, surgical and
radiation oncology, palliative medicine, oncologic
imaging and other allied health disciplines.
Dr Iain Bee Huat Tan serves as the overall clinical
leader of our comprehensive disease program.
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 Program. 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 program. Dr
Tan’s primary interest is employing non-invasive
assays capable of real-time monitoring of evolving
disease biology, such as CTCs and, particularly,
circulating tumour DNA, to understand the
temporal 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.
Dr 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 Program in the Division of Medical
Oncology. His current research is focused on the
development of biomarker-driven early phase
clinical studies, particularly in oesophagogastric
cancers, through molecular profiling of patients’
tumours and evaluating pharmacodynamic
indicators of oncogenic pathway modulation.
Dr Clarinda Chua is an Associate 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 a Medical Oncologist with an
interest in cancer epidemiology in gastrointestinal
cancers.

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, multicentre, double blind, randomised placebo
controlled Phase 3 trial. This is a global, leading,
potentially paradigm-changing Phase 3 trial
evaluating if aspirin may be used to prevent
recurrence and increase cure rates in colorectal
cancer patients.

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

RESEARCHERS
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LABORATORY OF
APPLIED HUMAN GENETICS
Oi Lian KON, MBBS, MD, FRCPC
Principal Investigator
Laboratory of
Applied Human Genetics,
Division of Medical Sciences
Head, Division of Medical Sciences
Joint Appointments:
Professor,
Duke-NUS Graduate Medical
School
Research Staff:
Hai Van DO THI, Sivalingam JAICHANDRAN, Sze Sing LEE
Wan Ting LOKE, Wai Har NG, Ajit Johnson NIRMAL

Honorary Joint Professor,
Dept of Biochemistry
Yong Loo Lin School of Medicine
National University of Singapore

Our laboratory focuses on two aspects of stomach cancer.
We have discovered that chromosome 18 is commonly
broken in stomach cancer cells and this disrupts the
DOK6 gene. The function of this gene in the stomach is
unknown. However, as DOK6 probably participates in
transmitting signals from receptor tyrosine kinases, an
important class of cancer genes, we are investigating
which of several receptor tyrosine kinases are associated
with Dok6 protein in stomach cancer. This could suggest
new approaches for treating stomach cancer. We are
also studying mitochondria within stomach cancer cells
because we have discovered that MET, a common cancer
gene, “hides” in mitochondria. Mitochondria perform
many essential functions such as energy generation
and regulation of cell death. We aim to understand how
MET influences mitochondrial functions, and investigate
if destroying mitochondria with drugs could rapidly Chromosomes of cancer cells can be separated
kill cancer cells before they have time to become drug by flow cytometry. The abnormal chromosome of
interest is indicated by the arrow.
resistant.

Selected Publications
1. Guo T, Fan L, Ng WH, Zhu Y,
Ho M, Wan WK, Lim KH, Ong WS,
Lee SS, Huang S, Kon OL, Sze SK.
Multidimensional identification of
tissue biomarkers of gastric cancer.
Journal of Proteome Research
2012;11:3405-3413.

The arrows show the splitapart chromosome 18. The
red and green signals at the
top of the image indicate a
normal chromosome.

Using a different set of probes,
the arrows point to abnormal
chromosomes formed from
the fusion of chromosomes 18
and 9 in a gastric cancer cell.

Dok6-interacting partners. Secondly, we have discovered Met
kinase on the plasma membrane and in mitochondria of METoverexpressing gastric cancer cells. Inhibition of MET kinase activity
alters the expression of several mitochondrial proteins (including
those in all complexes of the electron transport chain and metabolic
enzymes) and alters mitochondrial membrane potential (ΔΨm) and
the mitochondrial permeability transition pore. We are now testing
variant MET constructs to distinguish its functions mediated from the
plasma membrane from those mediated by intrinsic mitochondrial
actions. We are also investigating compounds that rapidly destroy
mitochondria in a targeted fashion as a potential strategy for preempting acquired resistance to anti-cancer agents targeted at a
single class of molecules.

O

ur research focuses on two novel areas. Firstly, we identified a characteristic recurrent rearrangement
involving 18q2 in 6 of 17 gastric cancer cell lines. The 18q2 breakpoint was mapped to intron 4 of DOK6

by hybridising the flow-sorted aberrant chromosome to a high-resolution custom tiling array, and

confirmed by fosmid fluorescence in situ hybridization analysis. The same rearrangement was also present in
22 of 99 primary gastric adenocarcinomas, and was associated with expression of a truncated DOK6 transcript.

Dok6 is an adaptor that mediates Ret signalling in neural cells but its function in non-neural cells is unknown.
We have identified molecular pathways that are associated with DOK6 expression in gastric cancer cells and

Selected mitochondrial proteins whose expression is altered by the

are currently investigating if any of the 10 highly expressed receptor tyrosine kinases in gastric cancer are

inhibition of MET kinase activity.

2. Kam SY, Hennessy T, Chua SC,
Gan CS, Philp R, Hon KK, et al.
Characterization of the human
gastric fluid proteome reveals distinct
pH-dependent protein profiles:
implications for biomarker studies.
Journal of Proteome Research 2011;
10:4535-4546.
3. Guo T, Lee SS, Ng WH, Zhu Y,
Gan CS, Zhu J, Wang H, Huang
S, Sze SK, Kon OL. Global
molecular dysfunctions in gastric
cancer revealed by an integrated
analysis of the phosphoproteome
and transcriptome. Cellular
and Molecular Life Sciences
2011;68:1983-2002.
4. Guo T, Zhu Y, Gan CS, Lee SS, Zhu
J, Wang H, Li X, Christensen J, Huang
S, Kon OL, Sze SK. Quantitative
proteomics discloses MET expression
in mitochondria as a direct target of
MET kinase inhibitor in cancer cells.
Molecular & Cellular Proteomics
2010;9:2629-2641.
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LABORATORY OF
INFLAMMATION BIOLOGY

Selected Publications
1. Reilly PT, Afzal S, Gorrini C,
Lui K, Bukhman Y, Wakeham A,
Haight W, Teo WL, Cheong C, Elia
A, Turner PV, and Mak TW. The
AcidicNuclear Phosphoprotein 32kD
(ANP32)B-deficient mouse reveals
a hierarchy of ANP32 importance
in mammalian development. 2011.
Proc Natl Acad Sci USA. 108:10243.

Wah Mak TAK, PhD
Co-Principal Investigator

Laboratory of Inflammation Biology,
Division of Cellular and Molecular
Research

2. Nicholson JK, Holmes E, Kinross
J, Burcelin R, Gibson G, Jia W,
Pettersson S. Host-gut-microbiota
metabolic interactions. 2012.
Science. 336:1262.

Sven PETTERSSON, MD, PhD
Co-Principal Investigator

3. Holmes E, Kinross J, Gibson
GR, Burcelin R, Jia W, Pettersson
S, Nicholson JK. Therapeutic
modulation of microbiota-hostmetabolic interactions. 2012.
ScienceTM. 4:137.

Laboratory of Inflammation Biology,
Division of Cellular and Molecular
Research
Research Staff:
Joel SELKRIG, Parag KUNDU, Huiyi CHEN, Wei Lin TEO, Songhui CHNG,
Arlaine Anne BAUTISTA AMOYO, Junxian ONG, Vonny LEO

Senior Scientists:
Patrick Reilly, PhD
Gediminas Greicius, PhD

The last decade has seen a turn in anti-cancer research from trying to directly target the complicated
changes in cancer cells to, instead, targeting normal cells within tumours to mitigate growth. Many
cancers co-opt inflammation signals that normally help repair damaged tissue to instead promote
tumour growth and new blood vessel formation. Our particular focus has been on colorectal cancer,
where tumour growth and inflammation are mutually enhanced by the microbes in the gut. The gut
microbiome (all microbes and their metabolites) is the result of both genetic programming from
the parents and maternal hand-over of selected maternal microbes at birth. This microbiome is
further shaped by interactions including diet, lifestyle and antibiotic therapies throughout life and
will massively influence our physiology and susceptibility to disease by mechanisms which are
essentially unknown. Our laboratory is aiming to decipher the microbiome-mediated signalling
pathways and to identify the metabolites used to influence body function. We are also working to
systematically examine inflammation-related pathways and to identify the optimal targets for
therapeutic intervention.

4. Reilly PT and Mak TW. Molecular
Pathways: Tumor cells coopt the
brain-specific metabolism gene
CPT1C to promote survival. 2012.
Clinical Cancer Research, 18:5850.

Figure 1

and to be an increased risk for CRC, in stool samples and in blood.
We are also analysing the contributions of several genes through
breeding into the APCmin intestinal tumour model, which provides
both inflamed tumours in the colon and non-inflamed tumours in
the small intestine, thus offering internal control for growth. The
genes we are investigating cover a range of activities in inflammatory
signalling. The tumour-promoting gene Lipocalin 2 (LCN2), for
example, is an antibacterial protein secreted by host cells in order

I

to sequester iron away from microbial iron scavenging pathways

f the host is exposed to severe infection, malnutrition,

in enhanced cancer cell growth. We address gut

and thus inhibit infection. This gene, however, also controls of the

reduced microbiome diversity, or amplification of

microbiome to host communication with regards to

cell motility, extracellular matrix composition, and innate immunity,

unwanted microbial species, drastic changes in

chronic inflammation and body weight control by

likely as secondary means of blocking infection. Since the intestine

terms of microbiome function and communication

using cell lines, ex vivo primary cell cultures, explant

is the primary interface between bacteria and host, we chose to

within the host will be the consequence, resulting

organoids, animal models for cancer including germ-

examine LCN2 in APCmin tumorigenesis. Surprisingly, we found that

in chronic diseases, including cancer. Multiple

free mice and transplantation of human microbiota

loss of LCN2 did not affect inflamed colon tumorigenesis but had a

factors drive the progression from healthy mucosa

communities. Better understanding and targeting

small effect on tumour growth in the non-inflamed small intestine,

towards sporadic colorectal carcinomas (CRC) and

the gut microbiome may open up novel approaches

which was correlated with changes in tumour-iron uptake (Figure

accumulating evidence associates intestinal bacteria

for disease intervention strategies including cancer

1), suggesting a role for LCN2 in host iron scavenging for the first

with disease initiation and progression. Current

prevention. We have also developed a diagnostic kit to

time in vivo. Current examinations involve genes in bacterial and

studies are exploring the connection between the

monitor the presence of the bacteria Streptococcus

fungal recognition, regulation of immune homeostasis, and stem

gut microbiome and cancer metabolism, resulting

bovis, which is known to be associated with septicaemia

cell biology.

5. Reilly PT, Teo WL, Low MJ, AmoyoBrion AA, Dominguez-Brauer C, Elia
A, Berger T, Greicius G, Pettersson
S, and Mak TW. Lipocalin 2 performs
contrasting, location-dependent
roles in APCmin tumor initiation
and progression. 2013. Oncogene.
32:1233.
6. Yinghui Li, Weiling Teo, Meijun
Low, Lisa Meijer, Ian Sanderson,
Sven Pettersson, and
Gediminas Greicius. 2013.
Constitutive TLR4 signalling
in intestinal epithelium reduces
tumor load by increasing apoptosis in
APCMin/+mice. Oncogene. In press.
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LABORATORY OF
ONCOPROTEOMICS

he primary goal of our research is to identify and develop
clinical tests of informative biomarkers for early GC
detection. We are taking multiple proteomics approaches

to identify differentially expressed proteins in primary gastric
tumours and gastric fluids obtained from GC patients (Figure 1).

Mac Meng Fatt HO, DPhil (Oxon)
Principal Investigator
Laboratory of Oncoproteomics,
Division of Medical Sciences
dmshmf@nccs.com.sg

We have identified fasting gastric fluid as an excellent source for
seeking sensitive biomarkers for early-stage disease because of
its anatomic proximity to the site of the disease and it contains a
mixture of secreted soluble and exfoliated cellular proteins from
the entire gastric mucosa. Moreover, proteins secreted by tumour
cells will be at higher concentration in gastric fluid compared
to systemic body fluids. We believe the composition and relative
concentration of proteins in gastric fluid reflect the functional state
of the stomach. To fully exploit the diagnostic potential of gastric
fluid, we recently characterised the gastric fluid proteome of noncancer controls and highlighted the challenges and opportunities
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Our research focuses on identifying informative
protein markers for the early detection of gastric
cancer (GC) and developing tests for these
markers for clinical applications. There are
currently no markers of acceptable sensitivity
and specificity for GC, and there are also no
reliable and clinically acceptable techniques for
diagnosing early-stage cancer. Consequently,
most gastric cancers are detected at an advanced
stage, where treatment options are limited
and prognosis is poor (5-year survival rate of
3-10%). We believe one of the key strategies
to reduce GC mortality lies in the discovery of
specific and sensitive markers for early cancer
detection. Towards this goal, we are using
different proteomic approaches to analyse the
protein profiles of tumour and non-tumour (1)
gastric tissues and (2) gastric fluids to identify
differentially expressed proteins as potential
markers (Figure 1). We have identified several
stomach-specific proteins and we are evaluating
their utility for clinical applications as well as
their roles in gastric oncogenesis (Figure 2).

Figure 1: Schematic outline of our workflow for identifying
and validating candidate protein markers from primary
gastric tumours and gastric fluids (Steps I-V). Promising
markers will be developed for clinical testing (VI) and
analysed for their role in gastric oncogenesis (VII).

for biomarker discovery. We showed that gastric fluid pH has a
profound impact on protein composition and an understanding of
its intrinsic properties is essential for proper experimental design
and data interpretation. Using quantitative proteomics approach,
we identified several potential markers from gastric fluid; some of
which are stomach-specific proteins. These markers are currently
being evaluated for their diagnostic utility and we will develop mass
spectrometry-based tests for promising markers. We have also
generated mouse models to elucidate the role of selected proteins
in gastric oncogenesis. These studies could lead to new diagnostic
tests and could provide insights into the molecular mechanism of
GC.

Figure 2: Immunohistochemical analysis of a candidate biomarker in
normal, pre-neoplastic, and neoplastic gastric tissues to evaluate its
utility as a marker for early gastric cancer detection.
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COMPREHENSIVE PROGRAMME:
WOMEN’S CANCERS

Ten Most Frequent Cancer Deaths in Singapore Females,
2006-2010 (Source: Registry of Births and Deaths, Ministry of Home Affairs)

By John Chia, Rebecca Dent, Gay Hui Ho, Fuh Yong Wong and Ann Lee

The Women’s Cancers Program encompasses research on gynaecologic 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.

The NCCS Gynaecological Cancer Program
The mission of the NCCS Gynaecological Cancer
Program is to leverage research to improve
outcomes for gynaecology cancer patients in
Singapore. The program’s main focus is on
ovarian cancers, particularly clear cell and
mucinous tumours. Ovarian cancer is the most
lethal gynaecological cancer and the incidence in
Singapore has risen steadily over the past thirty
years. Clear cell ovarian cancer is rare in Western
countries, but is extremely common in Singapore
and Asia. Both clear cell and mucinous ovarian
cancers are under-represented in clinical trials
and have high resistance to chemotherapy; thus,
better treatments are urgently required.
Our group has developed a large series of clear
cell and mucinous ovarian cancer xenograft lines
from local ovarian cancer patients, and we are
evaluating new agents to treat these tumours.
Our group has also molecularly profiled one of
the largest cohorts of mucinous ovarian cancer
to date, and is championing a stratified treatment
approach for this genetically heterogeneous
disease. This stratified approach is already
progressing into the clinic. Through the IMPACT
research study, we are currently profiling nearly
half of all advanced clear cell and mucinous
cancer patients that we treat in our clinics, with
the aim of identifying somatic gene mutations that

are responsible for driving the cancers. Patients
with activating gene mutations are offered
participation in Phase 1 and 2 clinical trials that
evaluate new drug therapies specifically targeting
the cancer pathways activated by these genes.
In this way, the Gynaecological Cancer Program
is aiming to be at the forefront of changing
paradigms in personalised cancer therapy, and
bringing science from the laboratory to the clinic.
Ovarian cancer is a peritoneal-based disease. Our
group is attempting to improve ovarian cancer
outcomes through the use of peritonectomy
techniques and hyperthermic intra-peritoneal
chemotherapy (HIPEC) in selected patients
with ovarian peritoneal metastasis. We are also
developing animal models of intra-peritoneal
radiotherapy (radioactive nano-particles) in the
anticipation that such therapies will one day
lead to new therapeutic options and improved

outcomes for ovarian patients.
In the past three decades, overall ovarian
cancer-specific mortality rates have not fallen,
despite the tremendous improvements in the
treatment of advanced ovarian cancer. Currently,
screening with CA125 and ultrasound in a
normal risk population has no impact on ovarian
cancer specific mortality. Our members are
therefore focused on improving the diagnosis
of discovered adnexal masses through the use
of two markers CA125 and HE4, and the risk of
ovarian malignancy algorithm (ROMA). We are
also attempting to delineate the epidemiological
factors responsible for the rise in clear cell ovarian
cancer in Singapore, with the aim to reverse the
trend through risk factor modification, education
and chemoprevention.
Drs The Hung Huynh, John Chia, Yin Nin Chia,
and Timothy Lim are exploring the use of human
ovarian cancer xenografting as a discovery tool
to develop novel therapies for clear cell and
mucinous ovarian cancer. Drs Wen Yee Chay
and Liang Kee Goh are molecularly profiling
mucinous ovarian cancer to identify pathways
relevant to tumour growth for the purposes of
drug targeting. Dr Daniel Shao Weng Tan is the

Principal Investigator for the IMPACT molecular
study. Dr Melissa Teo is a Surgical Oncologist
who leads the peritonectomy and HIPEC program.
Dr Francis Chin is leading the development
of nanoparticle radio-isotopic treatment for
peritoneal metastatic disease. Dr Richard Yeo
is spearheading NCCS engagement with the
Radiation Therapy Oncology Group (RTOG)
collaborative trials network. In 2013, NCC was
awarded membership into the RTOG and will be
able to undertake RTOG studies. Dr Hoon Seng
Khoo Tan is Principal Investigator of an NMRC
research grant prospectively evaluating the longterm impact of pelvic irradiation in patients with
gynaecological malignancies. Dr Cindy Pang is
responsible for the comprehensive gynaecological
cancer database. Prof Sun Kuie Tay is evaluating
survival outcomes in clear cell ovarian cancer in
Singapore and Dr Chay and Dr Sheow Lei Lim are
undertaking epidemiological studies to explore
factors contributing to the rising incidence of
clear cell ovarian cancer in Singapore. Prof
Tay is conducting a study to improve diagnostic
accuracy of cancer in adnexal masses with serum
CA125, HE4 and ROMA. Prof Tay, Dr Khoo-Tan and
Ronald Goh are evaluating the impact of HPV DNA
detection on survival rates in adenocarcinoma of
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the cervix. In collaboration with Dr Lih Wen Deng
(NUS), Prof Tay is exploring a novel MLL5 isomer
on HPV E6 and E7 expression in cervical cancer.
Dr John Chia is a principal member of the NCCS
immuno-therapeutics program and is exploring
the use of DNA vaccines raised against MUC1 in
advanced ovarian and uterine cancer.
The NCCS Breast Cancer Program
Breast cancer is the most common cancer
among women in Singapore, with an incidence
of 62 per 100,000 person-years in 2008-2012
(Trends in Cancer Incidence in Singapore 20082012, National Registry of Diseases Office). The
incidence has trebled in the last 3.5 decades and
continues to rise. As the largest centre managing
breast cancer patients in Singapore, this provides
a unique prospect to synthesize the opportunities
of Singapore’s investment in basic research
through to survivorship care, leading to the best
outcomes possible for all.

treatment and care of long-term cancer survivors.
We offer patients a wide variety of clinical trials
encompassing a spectrum that can provide
the latest advancements in the prevention and
clinical care of breast cancer. There are weekly
multidisciplinary breast cancer tumour boards
as well as monthly basic and translational
research meetings. Our physicians are leading
investigator-initiated,
cooperative
groups
(Breast International Group and Michelangelo
Foundation) and industry-run international
clinical trials from Phase 1-3.
Our Breast Medical Oncology Team:
Dr Yoon Sim Yap (Senior Consultant) is molecular
profiling both locally advanced and metastatic
breast cancer tissue to identify unique molecular
targets and companion novel therapeutic clinical
trials. She is also collaborating with other
disciplines to develop a unified breast cancer
database.

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

Dr Wei Siong Ooi (Associate Consultant) has
a special interest in bone metabolism and
mechanisms of bone metastases, as well as
optimizing bone health in women with early breast
cancer. He is currently investigating the role of
vitamin D supplementation in patients receiving
adjuvant treatment with aromatase inhibitors.

The Clinical Breast Cancer program comprises
a team of radiologists, surgeons, medical
oncologists, radiation oncologists, pathologists,
medical geneticists, plastic surgeons, nurses,
as well as occupational therapists and
physiotherapists, offering the full spectrum
of clinical and support services extending
from screening and diagnostics, to prevention,

Dr Mabel Wong (Consultant), along with Dr
Yap, is building our Phase 1 and 2 clinical trials
development program specifically for breast
cancer patients.

Dr Wen Yee Chay (Associate Consultant) has
evaluated the validity of the Gail model in
predicting breast cancer risk in an Asian context.
Dr Raymond Ng (Senior Consultant) is currently
Director of Education and has a special interest
in public health-related issues, especially breast
cancer screening.

Dr Guek Eng Lee (Registrar) has developed
expertise in young women with breast cancer and
is collaborating with other international experts

with the goal of improving our understanding of
the natural history and biology of this group of
women.
Dr Rebecca Dent (Senior Consultant) has a
special interest in triple negative breast cancer
and locally advanced breast cancers and is
developing clinical trials for these subtypes.
Our Breast Surgical Oncology Team:
The team of surgeons comprising Drs Gay Hui
Ho, Wei Sean Yong, Preetha Madhukumar,
Kong Wee Ong, Benita Tan and Veronique Tan,
has wide ranging interest in both clinical and
translational breast cancer research. In clinical
research, we are conducting a Phase 2 trial on
use of INTRABEAM intra-operative radiotherapy
in ductal carcinoma in-situ. We also exploring the
predictive value of sentinel lymph node stations
and the role of sentinel node biopsy in preinvasive cancer, microinvasive cancer and in the
neoadjuvant setting, and the surgical and survival
outcomes in young and elderly patients as well
as patients with pregnancy-associated 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 in breast
screening and the use of pre-operative MRI in
patients who desire breast-conserving surgery.
We piloted Advanced Practice Nurse-led Breast
Cancer Survivorship Programme with funding
from Healthcare Quality Improvement &
Innovation Fund, MOH, to provide comprehensive
and holistic care for long-term survivors. This
has been established as the standard of care in
our department since July 2012.
On the translational research front, we are
investigating the influence on choice of surgery
in different molecular subtypes of breast cancer
and a causal link between breast and renal
cell carcinomas. We have several ongoing
collaborations with Department of Pathology,
SGH, headed by A/Prof Puay Hoon Tan. Besides

extensive collaborations with scientists and
clinicians in NCCS, SGH and Duke-NUS, we
partner other institutions on breast cancerrelated studies. These include breast cancer
epidemiology with 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 YB-1 interacting partners in breast cancer
progression with Anatomy Department, Yong Loo
Lin School of Medicine, NUS, and Department of
Pathology, University of Otago.
Our Breast Radiation Oncology Team:
The Department of Radiation Oncology breast
clinical oncologists participate and lead actively
in breast cancer clinical research.
Recognizing the importance of the host in affecting
the responses to cancer treatment and prognosis,
the team actively explores these differing impacts
on the Asian breast cancer patients. We have
performed retrospective studies on the impact
of histological subtypes of breast cancer on the
Asian patient and are looking into building a
better tool for prognosticating the outcomes of
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 international trial groups
including the UK Medical Research Council
(MRC)’s recently concluded SUPREMO trial
(Selective Use of Postoperative Radiotherapy
after Mastectomy). The group is poised to
begin other trial collaborations with our recent
admission into the Radiation Therapy Oncology
Group (RTOG).
Locally, the group is in the midst of various
prospective clinical, dosimetric as well as patientcentered studies. These include studies in the
use of Intra-Operative Radiotherapy and Multi-
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catheter implants for accelerated partial breast
irradiation in non-low risk patients. Studies are
also on going in the use of prone positions for
adjuvant breast irradiation. We are also studying
the long term satisfaction of patient who has
breast conserving therapy and how exercise can
improve their quality of life and mitigate acute
musculoskeletal morbidity.
Other Breast Research:
As part of the breast medical oncology
research team, A/Prof Alexandre Chan and his
colleagues have published widely on toxicities
of chemotherapy with a special focus on
Asian patients as well as some of the unique
psychosocial and survivorship issues related to
breast cancer treatment. Prof Balram Chowbay
is evaluating genetic factors other than CYP2D6
that could account for variability in metabolism of
tamoxifen, as well as other pharmacology related
projects.
A/Prof Ann Lee’s team of researchers are
interested in understanding 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. Dr Alexandra
Pietersen’s team of researchers uses mouse
genetics to delineate the mammary stem cell
hierarchy and investigates to what extent the cell
of origin influences breast cancer susceptibility
and tumour cell behaviour.
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CY Wong, AA Thike, PH Tan, GH Ho,
ASG Lee. Identification of Circulating
MicroRNA Signatures For Breast
Cancer Detection. Clin Cancer Res
(2013) (In press)

Figure 2: Box-and-whisker plots representing RT-PCR results for miR-1,
miR-92a, miR-133a, and miR-133b. The y-axis depicts log2 fold change.
These microRNAs could distinguish between serum samples from breast
cancer cases (n = 132) and healthy controls (n = 101). All four microRNAs
had statistically significant P values of P<1E-8.

T

he primary interest of our group is to investigate genetic and
clinicopathological factors that may 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
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breast cancer cases and 1,534 female controls, with 8 SNPs found
to be significantly associated with an elevated breast cancer risk.

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 to the general population. If the genetic factors
associated with the cancer family syndromes can be identified, this may be helpful for the genetic
testing of higher risk individuals. Several breast cancer susceptibility genes have already been
identified but approximately 50% of familial clustering is due to unknown or candidate genes (Figure
1).

Separate studies on hereditary breast cancer syndromes and

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. In addition, we are interested in elucidating genetic factors associated with
breast cancer susceptibility in our local Asian population.

A second area of interest is in identifying circulatory microRNA

Another goal of our research is to identify novel biomarkers that may be useful as diagnostic or
prognostic tools, utilizing blood samples from patients. Our recent research has identified biomarkers
that could discriminate between serum samples from breast cancer patients and healthy volunteers
(Figure 2). These biomarkers could potentially be used in a non-invasive screening test.

individuals (Figure 2). Receiver operating characteristic (ROC)

early-onset breast cancer revealed differences in the spectrum
of mutations between Singapore and Western populations. By
utilising the large collection of breast cancer samples that has
already been established, our current research aims to identify
novel genes associated with breast cancer susceptibility in Asians.

signatures, as non-invasive markers for diagnosis or prognosis.
Recently, we identified microRNAs in serum samples that were
able to discriminate between breast cancer cases and healthy
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 blood-based biomarkers for breast cancer detection.

Figure 1: Genetic susceptibility to cancer.
Approximately 50% of familial clustering of
breast cancer is due to currently unknown or
candidate genes.
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as to which changes are relevant and whether these changes
could be targeted in specialized cancer therapy.

LABORATORY OF
MAMMARY GLAND BIOLOGY

Selected Publications

We have selected two genes, Wip1 and Tbx3, which are
overexpressed in subsets of breast cancer and are implicated in
stem cell regulation in other tissues. In both cases, we found that
these genes do not play an important role in mammary stem cells.
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Biology,
Division of Cellular & Molecular
Research
ncmap@nccs.com.sg
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National University Singapore

We study how breast tissue organizes and maintains itself and how the disruption of these processes
is involved in breast cancer development. We have found that certain breast cells specialise in
detecting what is happening elsewhere in the body (for instance, is the woman going through menses
or did she just become pregnant?) by sensing women’s hormone levels. This gathered information is
then translated into instructions for neighbouring breast cells (for instance, in the case of pregnancy:
start making extra cells for milk production). We discovered that mice without the Wip1 phosphatase
have breast cells that cannot sense a hormone (like prolactin) and do not produce the instructions
for neighbouring cells to start multiplying. Importantly, mice without Wip1 are healthy but get less
breast cancer, raising the possibility that drugs that inhibit Wip1 could be beneficial for women with
an increased risk for breast cancer.

O

ne of the challenges of studying cancer is that, by the time a tumour is detected, it has accumulated
so many mutations that it is difficult to determine which alterations drove the tumorigenic process and
which were merely a by-product of uncontrolled growth. By approaching this question from the other

side, such as by manipulating cancer genes one by one in normal cells, we hope to gain a better understanding

Figure 1: Shows that
estrogen-receptor (ER)
positive hormonesensing cells detect
prolactin (indicated by
presence of P-STAT5)
but this does not
happen in the absence
of Wip1.

This is in line with other recent studies that indicate that mammary
stem cells are not very active in intact breast tissue and are thus an
unlikely cell of origin for most breast cancer subtypes. Strikingly,
we found that both the Wip1 phosphatase and the transcriptional
repressor Tbx3 play critical roles in hormone-sensing mammary
epithelial cells and our work highlights the importance of these
cells as integrators of systemic signals and central conductors
of proliferation. Their supply of paracrine support explains why
even breast tumours with a low percentage of oestrogen-receptor
positive cells are likely to respond to anti-hormonal therapy, and
we are mapping the specific molecular wiring of hormone-sensing
cells to provide new avenues for targeted inhibition of their tumourpromoting role.
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Kunasegaran K, Ghosh K, Tan BC,
Bulavin DV and Pietersen AM.
Hormone-sensing cells require
Wip1 for paracrine stimulation in
normal and premalignant mammary
epithelium. Breast Cancer Research
2013 15(1), R10.
2. Ho V*, Yeo SY*, Kunasegaran K,
De Silva D, Tarulli GA, Voorhoeve
PM^ and Pietersen AM^. Expression
analysis of rare cellular subsets:
direct RT-PCR on limited cell
numbers obtained by FACS or soft
agar assays. BioTechniques 2013
54(4), 208–212. * and ^: equal
contribution
3. Puppe J, Drost R, Liu X, Joosse
SA, Evers B, Cornelissen-Steijger
P, Nederlof P, Yu Q, Jonkers J*,
van Lohuizen M* and Pietersen
AM*. BRCA1-deficient mammary
tumors cells are dependent on EZH2
expression and sensitive to Polycomb
Repressive Complex 2-inhibitor
3-deazaneplanocin A. Breast
Cancer Res 2009 11(4):R63. *Equal
contribution
4. Pietersen AM, Evers B, Prasad AA,
Tanger E, Cornelissen-Steijger P,
Jonkers J and Van Lohuizen M. Bmi1
regulates stem cells and proliferation
and differentiation of committed cells
in mammary epithelium. Current
Biology 2008 18(14), 1094-9.
5. Pietersen AM and Van Lohuizen
M. Stem cell regulation by Polycomb
repressors: postponing commitment.
Current Opinion in Cell Biology 2008
20(2), 201-207.

Figure 2: In response to
prolactin, ER+ cells produce
the paracrine stimulator of
proliferation IGF2 and this is
reduced in the Wip1-knockout
ER+ cells.
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COMPREHENSIVE PROGRAMME:
SARCOMAS 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). 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) and brain
tumours.

S

arcomas 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).
In Singapore, the rate of incidence is approximately
1% of all malignancies. The standard of care
for the management of sarcomas involves a
multi-modality approach undertaken by a team
of dedicated sarcoma specialists. Although
complete surgical resection remains the
mainstay of therapy 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 for renewed
research efforts for this cancer. As an effort to
reduce local recurrence rates, Dr Jonathan Teh
has a strong interest in optimising radiotherapy
regimes such as the use of intensity-modulated
radiotherapy, whereas Dr Francis Chin aims to
reduce the doses of radiation applied to critical
organs by altering the patient’s contour through
the use of tissue equivalent 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

Figure 1

targeted therapies. In this aspect, Dr Melissa
Teo is collaborating with Prof Teh to define
the molecular signatures of well- and dedifferentiated liposarcomas, and those of
peritoneal carcinomatosis and mucinous tumours
of colorectal and ovarian origins. At present,
a variety of agents aimed at blocking plateletderived 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 has shown great interest in
developing novel molecularly targeted therapies
for soft tissue sarcomas, bone sarcomas and
gastrointestinal stromal tumours. Dr Mohamad
Farid is also keen on 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 have
also initiated a joint effort to develop a clinical
database that correlates chemotherapeutic
outcomes with preclinical work performed by
researchers at the NCCS. In particular, Prof
The Hung Huynh’s laboratory is one of very few
laboratories on an international scale that has
successfully established a series of patientderived 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
are also keen to study the biology of imatinibresistant GIST and to explore complementary
drugs that improve the efficacy of imatinib.
Although NET has long been regarded as a rare
cancer, its relative indolence has resulted in its
rising prevalence and importance. At the same
time, notable recent progress has seen the use
of 68Ga-dotatate imaging, confirmation of the
antiproliferative role of somatostatin receptor
analogues, activity of temozolomide-based
chemotherapy and targeted agents, and the role
of peptide-receptor radionuclide therapy in the
treatment of this rare cancer. Recognizing the
increasing importance of NET, A/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 currently scrutinising the local

database in a retrospective manner 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.
A/Prof Paula Lam is working toward harnessing
the tumour-trophic properties of human bone
marrow-derived mesenchymal stem cells (MSCs)
and the tumour-specific replication of oncolytic
viruses for improved glioma treatment. Together
with Dr Tham, A/Prof Lam is investigating the use
of antibodies against epidermal growth factor
receptor in combination with other cytotoxic
drugs to enhance the treatment regimens of brain
tumours. Furthermore, Dr Daniel Tan’s research
focuses on the clinical application of advanced
radiation technologies for the treatment of brain
and spine tumours. Stereotactic radiosurgery
(SRS) and stereotactic ablative radiation therapy
(SABR) combine image-guidance and complex
treatment planning techniques to achieve a highly
conformal dose distribution that is delivered with
pin-point accuracy, allowing for targeted tumour
ablation without the need for surgery or damage
to the surrounding normal brain tissue.
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LABORATORY OF
CANCER GENE THERAPY

ectopic expression of MMP-1. Most recently, we have demonstrated
that MSCs exert a tumour suppressive effect on tumour growth via
direct cell contact and through the activity of soluble factors. The
anti-tumour effect of MSCs may be mediated through the downregulation of platelet-derived growth factor (PDGF)/PDGF Receptor
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axis, which is known to play a key role in glioma angiogenesis. The
gain in knowledge regarding how MSCs migrate and behave in the
tumour microenvironment will allow us to develop better therapeutics
for the treatment of human cancers. Aside from exploring the use of
MSCs as therapeutic gene carriers, we have also generated novel
oncolytic HSV-1 viruses that confer enhanced therapeutic gene
expression in tumour regions and prolonged survival of intracranial
glioma-bearing animals (See Figure).

Associate Professor,
Duke-NUS Graduate Medical
School

Control
Oncolytic HSV-1

100

The main focus our laboratory is to identify an ideal carrier (viral- or stem cell-based) for specific
delivery of therapeutic agents into cancer cells. We aim to elucidate how these therapeutic modalities
are activated or silenced in the tumour milieu. In addition, we are also keen to study the migratory
activities of marrow-derived mesenchymal stem cells (MSCs) and their potential interaction with
tumour cells. The overall goal of our laboratory is to provide an understanding and insight into how
these vectors can be used effectively from a translational point of view.
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of excitement as a potential source of cells
for cell-based therapeutic strategies. These

cells possess inherent immunomodulatory properties
that allow them to be used as a potential allogeneic
cell source without the risk of rejection. We are the
first group to show that MSCs can be readily infected
no alterations to the intrinsic properties of the MSCs;
thus, these cells could be genetically engineered with
therapeutic genes and serve as good cellular vehicles
for the treatment of human cancers. In the process
of unravelling the signalling cues that direct MSC
migration toward becoming 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 interaction
with other signalling pathways. We also found that nonmigratory MSCs can be induced to migrate following
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Enhanced gene expression and prolonged survival was observed in mice
injected with oncolytic HSV-1 virus in comparison with the control.
Development of mesenchymal stem cells (MSCs) modified with therapeutic
genes. Tumour tropism of MSCs can be reconstituted in intracranial glioma
mice through ectopic expression of matrix metalloproteinase (MMP)-1
as shown by an increased number of green colored cells in the tumour
region of intracranial glioma-bearing mice. Positive cells represent
highly migratory MSCs. The presence of MSCs in the glioma tumour
microenvironment exerts an anti-tumorigenic effect by down-regulating
the platelet-derived growth factor (PDGF)/PDGF Receptor axis.

5. 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 27(6): 1366-1375 2009
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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 recognize 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 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.

A

ligned 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 3 trial in locally advanced disease,
immunotherapy and vaccine trials to trials of novel, small
molecules targeting latent-lytic induction. Over the years,
NCCS has established a reputation as a leading centre for
clinical trials in Singapore, with several elements as key
stakeholders (Figure 1).
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 A/Prof Eng Huat Tan, who
oversees a dynamic team of clinical research coordinators, database coordinators, statisticians and
data monitors involved in trial conduct. CTE is staffed by 3 managers, 32 clinical research coordinators
(CRC), 8 assistant CRCs, 5 statisticians, data management coordinators and administrative staff.
The objectives of CTE include ensuring that all trials 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 5 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 1 trial activities through ECRU.
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 1 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 2012,
almost 90 patients were enrolled into Phase
1 trials including first-in-man 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 A/Prof Tony Kiat Hon Lim, is engaged
in all aspects of biomarker development, from
discovery and validation to qualification. A
tumour profiling program 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) Program
Our Patient-Derived Xenograft (PDX) Program,
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 understand the mechanism
of action of a particular therapy. We have on
site, state-of-the-art imaging capabilities and
expertise from Dr Choon Hua Thng and Dr Quan
Sing Ng, allowing us to incorporate bio-imaging
into our clinical trials.
Biomarker Development
Linking next generation “omics” technologies
to prospective clinical trials promises to deliver
high-precision 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 CAPaccredited laboratories (CAP, College of American
Pathologists). Building around this capability, our
CAP-accredited facility can handle all aspects
of the development of fit-for-purpose genomic
or protein-based assays for their application in
clinical trials.
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PRACTICE-ORIENTED PROGRAMME:
DIVISION OF PALLIATIVE MEDICINE

Efficacy of a
Clinical Care
Pathway for
the Dying

By Grace Pang
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Medicine
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Functioning
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Disease
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Role of
Genetic
Variants
in Opioid
Induced
Nausea &
Vomitting

Significant Findings:
• Improvement
in distressing
symptoms &
inappropriate
medication at the
end of life

Clinical Application:
• Care for the
dying pathway
implemented in
oncology wards &
possibly the entire
Singapore General
Hospital

Significant Findings:
• Renal replacement
therapy does not
improve healthrelated quality of
life of end-stage
kidney failure
patients who are
elderly or have a
high comorbidity
burden compared
to conservative
management

Clinical Application:
• Useful guide to
decision making
regarding choice of
therapy in end stage
renal disease

Significant Findings:
• Potential genetic
marker that
is significantly
associated with an
increased risk of
developing nausea
and vomiting with
opioid painkillers

Clinical Application:
• Marker can be
potentially used to
screen patients for
antiemetics

• Potential novel
molecular
mediator of opioidinduced nausea &
vomitting

Good symptom control and reduction of psychosocial distress, at a reasonable cost, is one of the
hallmarks of comprehensive cancer care; this is especially relevant at the end of life, when quality
and not quantity of life becomes the main goal of management.

R

esearch in the Department of Palliative Medicine is relatively young compared with the
traditional bastions of research, such as clinical trials and laboratory-based sciences. Our
focus of research centres primarily around areas related to the quality of palliative care that
is delivered to our patients and quality of life for our patients and their caregivers. Our Department
maintains close links with other departments within NCCS, such as the Psychosocial Oncology Unit,
the Department of Medical Oncology and the core facility, that is, the Clinical Trials Unit. There are
also established external collaborations with the Centre for Quantitative Medicine, Duke-NUS, the
SGH oncology ward and the Department of Women’s Anaesthesia, KKH. In these collaborations, our
research findings have been directly translated to clinical practice or they have the potential to be
applied in future clinical practice. Examples of such projects have been outlined in the flowchart.
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B. SLC22A1-ABCB1 Haplotype Profiles Predict
Imatinib Pharmacokinetics in Asian Patients
with Chronic Myeloid Leukemia. PLoS One.
2012 Dec; 7(12): e51771

By Balram Chowbay

Chemotherapeutic agents are characterised by narrow therapeutic indices and wide
inter-individual variability in drug response and toxicity. While some individuals may
derive the desired therapeutic effects, others can obtain suboptimal or no response.
Moreover, the extent of adverse effects can greatly differ from mild to life-threatening
among individuals. Therefore, the identification of potential contributing factors to the
unexplained variability in dose-exposure-response relationship can aid in patienttailored pharmacotherapy. Notably, genetic factors have been identified as the important
factor which account for large percentage of the variability in drug response and toxicity.

Moving towards personalised medicine, the
Laboratory of A/Prof Caroline Lee focuses on
understanding the genetics behind drug response
and disease susceptibility. 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
had 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 population-differences in drug response.
The Laboratory of Prof Balram Chowbay
focuses on the translational aspects of
pharmacogenomics research aimed at improving
clinical outcomes and dosage individualisation
based on the genotypic status of patients. The
laboratory serves as a useful clinical as well as
scientific bridge between the medical oncologists
and the patients and plays an important role in
the design of early Phase 1 and 2 clinical trials,

including genotype-directed clinical trials. In
order to translate information learned into
patient-oriented clinical trials, a clinical trials
support structure is in place for supporting the
various pharmacokinetics/pharmacodynamics
studies.
Prof Chowbay’s laboratory is also involved
in understanding the genomic causes of
variations in drug pharmacology in our multiethnic population, For example, understanding
UGT1A1*6/*6
and
the
contribution
of
UGT1A1*28/*28 pharmacogenetics on irinotecan
pharmacokinetics/pharmacodynamics by the
CPL has led the Health Sciences Authority,
Singapore to introduce a black box warning
to irinotecan’s package insert in 2010 (http://
www.hsa.gov.sg/publish/hsaportal/en/health_
products_regulation/safety_information/
product_safety_alerts/safety_alerts_2010/
association_between.html)[7]. The label change
highlights the risk for severe toxicity in Asian
patients homozygous for the UGT1A1*6 and
UGT1A1*28 alleles and recommends UGT1A1
genetic testing in patients receiving irinotecan. A

prospective Phase 1 clinical trial on UGT1A1 genotypebased dosing of irinotecan is ongoing.
Other initiatives include the development and validation
of pharmacogenetics tests, such as high resolution
melting test for the functionally important SNPs, for
example UGT1A1*6/28 and CYP2C19*2/*3/*17. Such
method has rapid turnaround time and is cost-effective
which translates into patient benefits. We have also
developed a Sequenom assay for high throughput
mutation profiling of Asian pancreatic tumours in order
to evaluate the associated oncogenic pathways.
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clinical studies that assess proof-of-concept hypotheses. These are
mainly to evaluate the anti-proliferative effects of anti-cancer agents
in cell lines and animal models, and to investigate the presence of
drug–drug interactions between various therapeutic agents, with
the intention that the study findings will serve as a basis for the
rational design of clinical trials in humans
In addition, we are involved in numerous research collaborations,
and our laboratory provides the clinical and laboratory expertise
necessary to effectively perform early Phase 1 and 2 clinical trials.

standing interests also encompass the applications of

Our participation ranges from concept proposal, design of protocol

pharmacogenomics tools to explain the inter-ethnic

and conduct, specimen acquisition and analysis, to data analysis

variability in drug response and toxicity, particularly in

and generation of results.

the context of our local Asian population.
It is hoped that the patient-oriented research our laboratory is
As a dynamic working unit, our laboratory has

engaged in will aid in the development of more effective strategies

developed extensive capability and expertise over

for the treatment of malignancies and other disorders.

the years in the application of bio-analytical LC-MS/
MS methods, assay development and validation as
The dose-exposure-response relationship in drug
treatment and its associated variability.

T

well as pharmacokinetics modelling in the conduct
of pharmacokinetics studies of various therapeutic
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agents. We also have considerable experience in the

translational

research

characterisation of pharmacogenetic profiles of genes

projects that are aimed at improving clinical

involved in the encoding of drug metabolising enzymes

outcomes through optimisation of pharmacological

and transporters and their impact on drug disposition

management, with a focus on the optimisation of

across different ethnic groups.
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drug dosages based on pharmacokinetics (PK)

and pharmacodynamics (PD) principles. Our long-

Among other studies currently being explored are pre-
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EMERGING TECHNOLOGIES:
GENOMICS TO PROTEOMICS
By Caroline Lee

In this post-genomics era, high-throughput, large data-generating genomics and
proteomics 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 novel disease
and treatment response biomarkers, thereby facilitating our understanding of various
disease and treatment response pathways. Nearly every investigator at NCCS employs
various high-throughput genomics and/or proteomics 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 NCCS, led by two senior genomic
expert investigators, Prof Kam Man Hui and
Prof Bin Tean Teh. Some of these platforms are
highlighted below:
1

The Next Generation Sequencing (NGS)
platform, GAIIx (Illumina), was established in
2008 by Prof Teh as an ultra-high-throughput,
low-cost sequencing technology. Several
applications that are routinely performed
with this platform at NCCS include whole
genome/exome
sequencing,
targeted
re-sequencing, RNA sequencing, matepair library generation and sequencing,
ChIP sequencing, small RNA sequencing,
amplicon sequencing, among others. This
platform was employed to sequence various
Asian cancers that are prevalent in the region,
such as NK/T-cell lymphoma, gastric cancer,
cholangiocarcinoma, and upper urinary
tract urothelial cancer. This has led to highimpact publications including Nature, Nature
Genetics, Science Translational Medicine,
Journal of Clinical Oncology, Genome Biology

and Cancer Research [1–3].
2

Two ABI3130xl Sanger Sequencing Platforms
are also available at NCCS and remain the
workhorse for limited sequencing and SNPs
and mutation validation.

3

The Sequenom MassArray Analyzer 4 at NCCS
has been very useful for SNP genotyping,
methylation detection, and quantitative gene
expression analysis. Using this platform,
NCCS researchers has developed the
“PanCarta” panel that interrogates ~150
known functional mutations in 20 signalling
pathways.

4

A complete Affymetrix GeneChip® Instrument
System, including the GeneChip® Scanner
3700 and a fluidics station, is also available at
NCCS and is routinely employed for profiling
the transcriptome (Prof Hui’s laboratory) and
their splice variants.
With the rapid evolution of the state-of-theart genomic technologies, investigators within
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.
To develop novel biomarkers and diagnostic tools
for breast cancer, the laboratory of A/Prof Ann
Lee, employed the BioMark™ System (Fluidigm)
at the Singapore Institute for Clinical Sciences
to examine 22 common SNPs in 1,191 breast
cancer and 1,534 healthy females. They identified
an association between these SNPs and breast
cancer risks (4). The laboratory also employed the
NGS SoLID sequencer through a service provider
as well as the NGS Ion Torrent in collaboration
with Defense Science Organization (DSO) and
compared these two NGS platforms for targeting
re-sequencing of the BRCA1 and BRCA2 genes
(5). Employing human microRNA microarrays
(Agilent), combined with high-throughput RTPCR on the Applied Biosystems 7900HT RealTime PCR System using locked nucleic acid (LNA)
RT-PCR human miRNA panels (Exiqon), the
laboratory identified novel circulating microRNA
signatures that have the potential to be used in
the early detection of breast cancer (6).
To identify novel biomarkers and to better
understand the molecular mechanisms of
HCC, the laboratory of A/Prof Caroline Lee,
in collaboration with the Stanford Genome
Technology Center in USA, employed the longread FLX-Genome Sequencer to perform
deep sequencing of the HBV genome in HCC
patients. They found that integration of HBV into
chromosome 10 was significantly associated
with poorly differentiated tumours (p<0.05) (7).
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 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

The above photo shows the Agilent 6490 Triple Quadrupole
LCMS system

PCAF-mediated “p53 Lys320 acetylation switch”
(8). The laboratory also employed TaqMan
MicroRNA PCR on the Applied Biosystems 7500
Fast Real-Time PCR instrument to identify a
miRNA signature associated with HCC (9).
Prof Oi Lian Kon’s laboratory employs highresolution genome copy number analysis,
spectral karyotyping, chromosome flow sorting
and FISH to identify and characterize recurrent
structural abnormalities of cancer chromosomes.
FISH analysis using breakpoint probes on gastric
cancer tissue microarrays has shown that such
signature chromosomes occur in about 20% of
clinical tumours.
Investigators at 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.
Proteomics
1. In the area of proteomics, NCCS is also well
equipped with state-of-the-art analytical
instrumentation to enable our researchers to
undertake proteomic studies. The proteomics
facility, led by Dr Mac Ho, was established
in 2008 with the generous support of the
Children’s Cancer Foundation. It is also
strongly supported by our industry partner,
Agilent Technologies, who have generously
loaned us their latest analytical hardware and
software.
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LC/MS system is currently used to develop
quantitative assays of these markers for
clinical applications.

The above photo shows the Agilent 6530 Accurate Mass
Q-TOF LCMS System

The facility is currently equipped with a range
of instruments to support gel-based and gelfree proteomic workflows, including 2D gel
electrophoresis systems, OFFGEL™ protein
fractionator, gel scanners, a Dionex Ultimate
3000 nanoHPLC system, and a MALDI-TOF/
TOF mass spectrometer. In addition, an
Agilent 6530 QToF with ChIP cube technology
was installed in 2009 to facilitate large scale
global protein identification. More recently,
Agilent’s flagship 6490 triple quadrupole
LC/MS system with iFunnel technology was
installed to enable quantification of targeted
peptides or small molecules in human
biological fluids.
The facility has enabled the laboratory of Dr.
Mac Ho to characterise the human gastric
fluid proteome and highlight its intrinsic
properties, which have major implications for
biomarker discovery studies [8]. It has also
supported the efforts to identify differentially
expressed proteins in gastric fluids of gastric
cancer patients for biomarker discovery.
Using a quantitative proteomics approach
(iTRAQ™), the laboratory has identified
several potential markers in gastric fluid for
early cancer detection. Notably, some of them
were stomach-specific proteins (manuscript
in preparation). The 6490 triple quadrupole

The facility also supports clinicians at the
Outram Campus for their proteomics projects
and developing MS-based clinical tests.
For example, the facility was instrumental
in establishing a LC-MS/MS assay for
therapeutic drug monitoring of thiopurines
in patients with inflammatory bowel disease.
This assay will help clinicians in optimising
dosing of thiopurine therapy, identifying the
causes of treatment failures, and minimising
life-threatening toxicities. Such an assay was
not available in Singapore. Importantly, the
assay developed at our facility will be adopted
by Clinical Chemistry (Dept. of Pathology,
SGH) so that it can be offered to patients as a
clinical test.
In collaboration with another proteomics
expert at the Nanyang Technological
University (NTU), A/Prof Newman Sze, the
laboratory of Prof Oi Lian Kon employed
iTRAQ to profile the gastric cancer kinome (11,
12). An inventory of protein kinases that are
highly expressed in gastric cancer has been
developed from this work that aims to identify
other therapeutic targets for gastric cancer
of which Her2 is currently the only one. An
unanticipated finding from investigating the
gastric oncokinome was the discovery of Met
kinase and EGFR in mitochondria of cancer
cells (13).

2. State-of-the-art Flow Cytometer and Cell
Sorting Facilities, led by cell-sorting expert,
Dr Alexandra Pietersen, comprises the BD
Calibur with two lasers for routine end-point
analyses and a BD Canto with three lasers for
more complex multi-parametric end-point
assays. In addition, NCCS also shares the
cell-sorting facility located at Duke-NUS. This
facility, which is also led by Dr Pietersen, has
a BD AriaII with four lasers (detection of 12
colours) for sorting, and a BD Fortessa with
three lasers for analysis. This facility allows
the acquisition of interesting cellular subsets
for transcriptional or proteomic analysis; e.g.,
in stem cells or therapy-resistant cells. It also
enables the validation of potential targets for
therapy that are identified by genomics and/
or proteomics approaches through specific
inhibition of the potential targets using viral
vectors.
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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 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 NCCS:
1 Genetically modified mice (GEM): 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 NCCS provide a resource
of xenotumours for testing novel approaches and innovative therapeutics, such as
the measles virus packaged in mesenchymal stem cell monotherapy. Currently, the
xenotransplantation protocol has been used to generate and propagate HCC.
The APCmin mouse model of colorectal cancer is
used to determine the tumorigenicity of clinical
isolates of tumorigenic strains of S. bovis from
colorectal carcinoma patients. Based on this
work, Prof Sven Pettersson is planning to
screen for S. bovis strains as risk markers for
colorectal cancers in humans. In this context,
Prof Pettersson has established a gnotobiotic
facility, the only such facility in South-east
Asia, to gain insights into transmissible
predispositions towards cancer. Here, different
mouse strains are maintained germ-free in an
isolated environment. This approach allows
mice to be colonized with human microflora
or its counterparts to study their impact on
tumorigenesis. The centre has already attracted
regional interest for Helicobacter infection and
gastric cancer studies. Along the same lines
and based on several studies in laboratories of
Prof Kanaga Sabapathy and Prof Wah Mak Tak,
several GEM have been generated to understand

HCC mouse model expressing hepatitis antigens
to identify serum biomarkers for early detection
of HCC. Dr Alexandra Pietersen has used GEM
to study the role of lineage-survival oncogenes
in breast cancer. Prof Oi Lian Kon and Dr Mac
Meng Fatt Ho employ the reverse approach to
identify biomarkers through the Proteomics Core
in gastric cancers. Dr Ho also generates GEM
based on the identified biomarkers to understand
their role in carcinogenesis. In addition, Prof Kam
Man Hui’s laboratory employs established human
HCC cell lines and deriving 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, A/Prof Paula Lam uses patient-derived
HCC and glioma lines to assess therapeutic
efficacy and to study the biological properties of
MSC 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

the relevance of the tumour-related genes
in tumorigenesis. Examples include p53 and
lymphoma, which have highlighted the effect of
these genetic alterations in affecting therapeutic
response. Prof Tak uses compound mutant
mice to elucidate the function of certain genes
in intestinal and mammary cancer, particularly
during the early stages of tumour-promoting
inflammation. Prof Sabapathy has employed a
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EMERGING TECHNOLOGIES:
MICROBIOME

A human individual can be viewed as an ecosystem sharing a number of genomes to meet biochemical and biological needs. This ecosystem allows for shunting of fuel
required for energy demanding process in the host.

By 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: It is like
a personal set of microbes that remains fairly stable over decades [1]. Moreover, every
person has approximately 100 species and 200 strains of bacteria in the gut. In weight,
this corresponds to about 1.5 kg, suggesting that the gut microbiome is equivalent to
about 10% of the total protein or fat content in a normal human person (Figure 1).

Figure 2: The human supra organism - a walking
ecosystem

biochemical and biological functions for the host.
However, it is also associated with many and
diverse human disease processes. Although little
is known about its habitation properties, recent
studies suggest that the gut microbiome forms
communities or ‘biofilms’, as illustrated in Figure 3.

Figure 1: Composition of the human body and influence of the gut microbes in health & disease

In actuality, our microbiome should not be
regarded as “something we have” but part of
who we are, as it helps to define each of us,
both as an individual and as an ecosystem.
Thus, taking a holistic view and looking at an
individual not just as a human person but merely
as a complex ecosystem imply that we fulfill
each other biochemical and biological needs to
ensure survival (Figure 2). In other words, the
gut microbiome community may contribute to
our health by affecting our immune systems, our
metabolism, our bone formation and actually
also brain development and function [2].

How do gut microbiome function?
Rather than isolate and culture all of the bacteria
in a sample, it is far more efficient to examine
entire community of bacteria at once. Using
advanced computational biology algorithms and
full genome sequencing, the scientific community
have uncovered a glimpse of how a normal
microbiome community appear, with microbiome
variability between species, individuals and/
or populations. The gut microbiome is the vast
collection of symbiotic microorganisms and
metabolites that performs numerous important

The medical importance of the gut microbiome
Accumulating evidence over the past eight years
suggests that the gut microbiome is directly
implicated in the etiopathogenesis of many of
our lifestyle-related diseases, including obesity,
diabetes atherosclerosis, inflammatory bowel
disease and rheumatoid arthritis, to name a few
(Figure 1) [3]. Furthermore, the gut microbiome
can also influence drug metabolism, drug toxicity
and dietary calorific bioavailability; thus, there
is an imminent need to undertake quantitative

analyses of the gut microbiome and its activities.
Such investigations will provide the framework for
the design and generation of future personalised
healthcare strategies and for the potential
generation of novel therapeutic drug targets [4].
Hence, the way forward to unravel the complex
interactions between the microbiome and its
host will be via strong consortia, multidisciplinary
teams with the capacity for combining microbial
phenotyping, metabolic profiling, state-of-theart cell and molecular biology, the use of animal
models for validation and close interactions with
clinical expertise. One such platform may be the
development of an Phenome Centre in Singapore
which can monitor variations of metabolites in
body fluids and thus reflect people’s genes and
their activity in your body. Such an undertaking
will serve to develop the current understanding of
the metabolic language of mammalian microbial
communication. Finally, on-going studies on how
microbes instigate biofilm formation will be of
utmost importance to further our understanding
of microbe-host interactions (Figure 3).
Microbiome and cancer
Previous studies have shown that Helicobacter
pylori can cause gastric cancer or mucosaassociated lymphoid tissue (MALT) lymphoma,
and that Salmonella typhi infections are
associated with gallbladder cancers. Although
co-founding variables, such as dietary and
lifestyle factors, have been suggested as causes
of colorectal cancer (CRC), some recent reports
suggest a microbial link in the development of

Figure 3: The formation of bacterial communities, known as biofilms, is responsible for the development of bacterial
ecosystems that are attached to host cells in the skin or in the intestinal tract. In fact, the gut microbiome functions as
a virtual organ and significantly extends the metabolic capacity of the host. This transgenomic metabolism offers a new
paradigm for the development of novel therapies for many diseases and has the potential to beneficially impact upon a range
of acute and chronic pathologies.
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CRC. Furthermore, another recent study also suggests a
link between gut microbiota and liver cancer [4]. While the
underlying molecular mechanisms are still unknown, it is
suspected that liver cells, consistent with an “old cell”, promote
chemical signals that lead to inflammation, and thereby
encourage tumour formation and growth. Interestingly, a
cocktail of four antibiotics to ‘prune’ the microbiomes of mice
led to a reduction in the number of “old cells”, thus linking
microbes to cancer promotion. Although discrepancies
between mice and humans exist, these results offer a first
glimpse of the consequences of a high-fat and high calorie
diet to the microbiome community.
In conclusion, should future evidence stack-up against the
microbiome as a cause of cancer, there will be an urgent
need to address its mechanism of action and involvement
in propagation the disease. Thus, despite its importance as
an adjunct of the human body, the microbiome may be an
important link to cancer of the digestive system.

RESEARCHER

Prof Sven PETTERSON
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EMERGING TECHNOLOGIES:
IMAGING & BIOPHOTONICS
By Choon Hua Thng and Patricia Thong

Imaging is an essential part of clinical cancer diagnosis and it also plays important
roles in cancer treatment (for example in image-guided procedures). Bio-imaging and
biophotonics techniques are also integral tools for many research projects. The bioimaging and biophotonics technologies available at the NCCS range from basic and
animal platforms for research, to state-of-the-art facilities for clinical applications.
They also provide technology platforms for innovation in our disease programs. Some
examples are described below to illustrate the application of emerging biophotonics
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 cancer and gene
therapy research. It can be used for determining
the transduction efficiency, promoter activity,
growth kinetics of tumour xenograft mouse
models and various other applications. In A/Prof
Paula Lam’s lab, fluorescence protein imaging is
used for monitoring the uptake of tumour cells
in immune-incompetent animals. These animals
can be subsequently followed with respect to
their tumour growth characteristics during the
initial phase of tumour development. In cancer
gene therapy, real-time imaging of therapeutic
gene expression is of great importance because
there are multiple factors that modulate the
therapeutic gene expression in a complex tumour
microenvironment. Consequently, multiple doses
of therapeutic viral vectors may be required for
improved efficacy. The luciferase reporter gene
is inserted in the viral vector for monitoring the
biodistribution and kinetics of viruses in vivo or
the reporter gene is bicistronically expressed with
the therapeutic gene as a crude measurement of
the stability of the therapeutic gene in the tumour
microenvironment.

Localisation of
a photosensitive
drug (red) 3
hours after
incubation. Cell
nuclei (dark blue),
actin (green),
cell membrane
(orange
and green),
mitochondria
(yellow) can be
visualized in this
composite image.

3D fluorescence imaging of oral cancer cells.
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(a)

(a)

(b)

(b)

(c)

Fluorescence images of (a) normal, (b) hyperplastic and (c) cancerous tongue. Increased fluorescence emission from
abnormal tissue forms the basis for diagnostic imaging of oral lesions.
Figure 2: a) Tumour and necrosis regions outlined by the pathologist. b) DCE MRI % voxels exhibiting Cslow (black).

Prof Khee Chee Soo’s research group focuses
on translating biophotonic techniques for noninvasive diagnosis of cancer. Fluorescence
diagnostic imaging is a promising complementary
technique for oral cancer diagnosis. Compared to
white light endoscopy, fluorescence endoscopy
using hypericin (a plant-based photosensitizer)
yielded higher sensitivity and specificity of over
90% in a pilot clinical trial [1]. The figure above
shows increasing fluorescence from (a) normal
to (b) hyplastic 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 a
clinical setting. To enhance tumour uptake of
photosensitizers and improve image contrast,
they are developing targeted virosomal envelopes
as novel drug delivery systems. Concurrently
they are exploring the use of optical spectroscopy
with principal component analysis as a drug-free
approach to diagnose oral lesions. Preliminary

PDT being carried out in an outpatient clinic at the NCCS.

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 diagnosis of oral lesions. Another
promising approach for oral cancer diagnosis
is through the detection of salivary protein
biomarkers. They are developing a diagnostic
technique based on Surface Enhanced Raman
Spectroscopy to detect proteins in the saliva of
oral cancer patients.
Prof Soo’s lab also aims to develop Photodynamic
Therapy (PDT) as an alternative cancer treatment
modality [2]. They have been conducting labbased basic research to optimize PDT treatment
parameters to pave the way to a possible clinical
trial. In order to improve treatment outcome,
they are studying the use of antiangiogenic
agents in combination with PDT to inhibit PDTinduced angiogenesis [3-4]. In another project,
Dr Patricia Thong is working in collaboration with
NTU to develop spectroscopy-based techniques
for non-invasive monitoring of tumour response
following PDT in order to optimise the PDT
regime and improve treatment outcome [5]. In
a new approach to PDT, a novel near infrared
(NIR)-PDT technique that can harness the deeper
penetration power of NIR light for treatment
of deep-seated tumours is being developed in
collaboration with NUS.
A/Prof Choon Hua Thng of the Department of
Oncologic Imaging and his team (Dr Quan Sing
Ng and A/Prof 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 micro-environment.
The human studies are led by Dr Ng of the
Department of Medical Oncology. He is currently
incorporating DCE MRI into clinical trials involving
antiangiogenic agents. The team currently have
5 active studies and hopes that DCE MRI will
be able to serve as a predictive biomarker for
antiangiogenic therapy [6]. If successful, they
hope to impact healthcare by using DCE MRI
as a biomarker to select patients for expensive
antiangiogenic therapy (stratified medicine)
while removing patients from therapy early if the
treatment is not working.
A/Prof Thng has also applied his methodology
back to the bench to study the micro-environment
in human cancers growing in mice. The study is
currently supported by the Roche-Singapore
Translational Medicine Hub and they aim to
understand the mechanism of action of new
drugs on the tumour micro-environment so as to
maximise efficacy.
Extending their study of the microenvironment,
A/Prof Koh from the same team has developed
a novel method (Gadolinium Diffusivity) to study
nutrient and drug delivery to the high pressure
centre of the cancer [7]. The model of tumour
circulation that A/Prof Koh has invented has
recently been shown to be superior to existing
models in predicting the outcome of colorectal
cancer in a study collaborating with King’s
College, London [8]. His expertise in modeling

microcirculation has also resulted in applications
in the cirrhotic liver. In collaboration with NUHS,
they found that there are DCE MRI signatures for
liver fibrosis in cirrhotic mice. In collaboration
with Department of Gastroenterology, SGH,
preliminary data showed that his model was able
to distinguish subtle grades of liver fibrosis. His
ability in modeling renal microcirculation has
widened collaboration in the Roche-Singapore
Translational Medicine Hub to include noncancer domains such as renal fibrosis. He is
currently working on modeling dynamic PET
data in animals to improve understanding of PET
tracer delivery in the interrogation of biology.
Dr Ng is also involved in a Phase 1 dose escalation
trial of nitric oxide synthase (NOS) inhibitor, L-NGNitroarginine (L-NNA), a new class of therapeutics
that is being evaluated for the treatment of cancer
[9]. In parallel, we will evaluate the activation of
proteins known to be stimulated in patients before
and after treatment with L-NNA as potential
biomarkers of this drug. Biomarker studies will
be conducted using multi-parametric functional
imaging to evaluate its anti-vascular effects.
Conventional MRI examinations provide excellent
anatomical assessment of the tumour, allowing
for more accurate staging. Multi-parametric
functional MRI (fMRI) allows 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.
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In collaboration with the Royal Marsden Hospital,
United Kingdom, 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 antiangiogenic therapy in patients with renal
cell carcinoma. We are aiming to detect changes
in MRI measurements within the first cycle of
treatment, and potentially identify patients who
may or may not respond to treatment.

The examples listed above demonstrate
our application of emerging biophotonics
technologies to cancer diagnosis and therapy,
from basic to clinical studies, particularly in the
liver, lymphoma and head and neck signature
disease programs.
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EMERGING TECHNOLOGIES:
PROTON THERAPY
By Michael Wang

The NCCS will set up a state-of-the-art proton therapy facility within its new building in
the Outram Campus in 2018. 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
is gaining wide prominence globally. The first
hospital-based proton therapy facility started
operations in 1991 at Loma Linda University
Medical Center (LLUMC). It remains one of the
most comprehensive centres, having treated
about 13,000 patients since inception, and
1000 patients annually. Since then, interest in
proton therapy has increased exponentially. As
at December 2012, more than 90,000 patients
had been treated in 35 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 50 proton therapy
centres worldwide.
Key to the proton is the physical property known
as the ‘Bragg Peak’. As the proton beam traverses
tissues, its energy deposition is characterised by
a low entrance dose leading to a burst of energy
release at the end of its path and an absent exit
dose. This physical characteristic allows for a
degree of dose conformation to tumour bearing
tissue not obtained with X-ray therapy. The energy
of proton beams can be controlled to precisely
release their cell-killing energy directly in the
tumour. A target can be covered using proton
beams of different energies to form a spreadout Bragg Peak (SOBP), with minimal exposure
to nearby healthy tissues, thereby significantly
reducing side-effects and, in particular, longterm 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 collateral damage to normal tissues,
beyond what is achievable with X-rays. The
ability to reduce complications gives radiation
oncologists the opportunity to increase radiation
doses beyond what is currently safe in a carefully
considered way, with the potential of improving
tumour control rates. This potentially allows a
significant improvement in clinical outcomes. In
addition, compared with X-rays, there is still a
lot of research and developmental potential for
proton therapy.
The excellent radiation dose distribution of
protons makes them a good choice in clinical
studies designed to improve therapeutic outcome,
especially in tumours where local control with
conventional treatment is suboptimal. Early
studies involved the treatment of ‘difficult’
tumours such as choroidal (eye) melanomas,
base of skull and cervical spine chordomas and
chondrosarcomas, where doses achieved with
X-rays were often limited by the proximity of the
target to radiation-sensitive normal tissues.
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Dose distributions for a frontal oblique photon beam (left) and a proton beam (right)

In these cases, excellent dose distributions and
results have been achieved with proton therapy.
Besides adult tumours, proton therapy has
increasingly been used in the treatment of
paediatric malignancies. Some of these tumours
include skull-base, spinal and paraspinal
tumours, medulloblastomas, parameningeal
rhabdomyosarcomas, retinoblastomas, pelvic
sarcomas, 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
now with modern medicine, reducing the later
effects of radiation therapy becomes paramount.
Considering the sensitivity of paediatric tissues
to radiation, a reduction in the integral dose of
radiation at the entrance and exit path of the
proton beam has resulted in a reduction in both
acute and, more importantly, long-term morbidity.
These long-term morbidities range from growth
retardation, neurocognitive changes, hormonal
disturbances and radiation-induced secondary
malignancies. Managing fewer long-term
treatment complications translates to 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
over X-ray therapy. Most conditions can still be
treated optimally with the current conventional
X-ray equipment capable of delivering Intensity
Modulated Radiation 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 treatment 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
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cancer and intra-abdominal and intra-pelvic
tumours. Locally recurrent head and neck and
rectal cancers can also be successfully reirradiated 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 left-sided breast cancer patients with proton
therapy, because of the decrease in integral
radiation doses to the heart and lungs.
With children, achieving a reduction in the volume
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

Photo credit: Internet

exposure. This is especially relevant when the
patient is cured of the primary cancer. The risk of
secondary cancers from childhood radiotherapy
is 3-5%. It is estimated that this risk may be
reduced by 2-15 times with proton therapy.
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.
Being an integral part of cancer treatment, most
proton centres are situated within comprehensive
cancer treatment facilities. This co-location
allows proton therapy to be administered with
chemotherapy and in strategies combining
proton with X-ray therapy.

In the interim report of cancer incidence by the
Singapore Cancer Registry, there is an observed
increase in 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 five National Centres as well as four Surgical
Centres of Excellence, a high-throughput of such
patients is seen at the NCCS. Our close links to the
Paediatric Oncology service at KK Women’s and
Children’s Hospital gives NCCS the opportunity to
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treat a significant number of paediatric patients
with tumours.
In summary, the inception of NCCS’ proton therapy
facility will enable us to embark on research into
the following key aspects of radiation therapy:
1
2
3
4
5
6

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 to the treatment
of this dreaded disease in Singapore.
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EMERGING TECHNOLOGIES:
CANCER IMMUNOTHERAPY
By Han Chong Toh

The immune system identifies and destroys foreign intruders by discriminating ‘self’
from ‘non-self’ antigens. Although cancer cells originate from the patients’ own cells,
they may be recognised as foreign and attacked by the immune system because of
the expression of tumour-associated antigens (TAA) that are not expressed by normal
cells. These antigens could be viral antigens in virus-associated cancers such as
nasopharyngeal carcinoma, or ‘self’ antigens, such as the family of cancer/testis
antigens whose expression are restricted to the germ cells and several cancers,
including colorectal cancer and melanoma. A role for cancer control by the immune
system has long been suggested by the observation that there are significantly higher
incidences of malignancies in immunocompromised patients, such as organ transplant
patients who receive immune-suppressive drugs.
Cytotoxic T lymphocytes (CTLs, or Killer T-cells),
the major and the most efficient component of
effector mechanisms in anti-tumour immunity,
along with their relevant receptors, recognize
peptide fragments of TAAs bound to HLA class
I molecules on the surface of cancer cells.
However, in the immature stage, the frequencies
of these CTLs are rare and constitute less than 1
in 200,000 T-cells. Even so, significant progress
has been achieved in the identification of tumourassociated antigens recognized by CTLs [1]. The
list is constantly growing and presently it contains
more than 100 antigens. Furthermore, tumourspecific CTLs have, in many cases, been isolated
from tumour infiltrating lymphocytes and from
lymphocytes in the peripheral blood. However,
malignant cells are usually unfortunately incapable
of presenting tumour antigens to the immune
system; hence, there is no activation of a primary
anti-tumour immune response. The signalling
system that is needed to activate such an immune
response has been shown to have several defects
in many cancers, including
•
•

Loss of HLA molecules
Deficiency of co-stimulatory molecules, such

•
•

as CD80 and CD86, which are necessary for
the activation of a response from naïve T-cells
Lack of ability to process and present tumour
antigens to T-cells
Inhibition of the proliferation of specific
T-cell
clones
through
secretion
of
immunosuppressive factors

The rationale for targeted cancer immunotherapy
is thus to overcome the limitations and induce
or boost such anti-TAA immune responses in
patients. Such therapeutic intervention could
be in the form of vaccination with TAA or TAApulsed antigen presenting cells (APCs) such as
dendritic cells (DCs) derived from peripheral
blood monocytes of the patient or donor (Figure
1), or by adoptive transfer of ex vivo expanded
antigen-specific CTLs. Immunisation with specific
tumour antigens can induce immune responses,
activating and expending TAA-specific CTLs
that kill tumour cells that are expressing the
tumour antigen in question. Several studies from
experimental murine systems and from clinical
trials on humans have shown that, following
successful immunization, activation of CTLs with
specificity for MHC class I-bound tumour antigen

Figure 1: In vitro generation of dendritic cell vaccines from peripheral blood monocytes. A. Monocytes (initiation of cell
differentiation, Day 1); B. Immature dendritic cells (ready to be pulsed with tumour antigens, Day 6); C. Matured dendritic
cells (vaccine ready for harvest and patient immunization, Day 8).

peptides can inhibit tumour growth and result in
the rejection of TAA-expressing tumours. Likewise,
adoptive transfer of ex vivo expanded CTLs by in
vitro stimulation with TAA-presenting APCs leads
to similar anti-tumour effects. Therefore, active
immunotherapy of tumours has been focused on
the activation and stimulation of tumour-specific
CTL responses against specific TAAs that are not
normally expressed by normal cells.
Recently, there have been several major clinical
achievements
in
cancer
immunotherapy.
Administering of an anti-programmed death 1
(PD-1, an inhibitory receptor expressed by T cells)
antibody into 296 advanced melanoma, non–smallcell lung cancer, castration-resistant prostate
cancer, or renal-cell or colorectal cancer patients
led to objective responses (complete or partial
responses) in approximately one in four to one
in five patients of each cancer group [2]. Cancer
vaccines have also been given a boost in therapeutic
optimism when a Phase 3 clinical trial of a dendritic
cell cancer vaccine called sipuleucel-T or Provenge
(Dendreon, Seattle, WA) in prostate cancer patients
demonstrated a significant survival benefit of over
4.1 months in the group that received the dendritic
cell vaccine, leading to its successful registration
with the FDA [3].
The Laboratory of Cell Therapy and Cancer
Vaccine in NCCS, led by Dr Han Chong Toh, has
been very actively involved in the development
of cancer immunotherapy in the form of clinical
trials for treating solid tumours, such as colorectal
cancer and nasopharyngeal carcinoma (NPC),

achieving encouraging results. One of the cancer
immunotherapy strategies that had been adopted
by Dr Toh and his team was to induce potent graftversus-tumour effect via the transfusion of donor
blood stem cells into NPC patients. Before this trial,
the strategy had previously shown some efficacy
against a range of solid tumours including renal
cell, breast cancer, and colon cancer. Between
2002 and 2007, the team conducted a Phase 2
clinical trial of a non-myeloablative transplantation
+/- delayed donor lymphocyte infusion therapy in
21 refractory Stage IV NPC patients. The results
showed for the first time that this strategy could
also be efficacious in advanced NPC patients.
Significant tumour shrinkage (partial response,
PR) was seen in 37% of the participating patients
and 16% achieved stable disease (SD), resulting in
an overall disease control rate of 53% [4].
Dr Toh and his team have also tested the efficacy
of TAA-targeting strategies in the form of two
dendritic cell vaccine clinical studies. The first was
conducted in collaboration with Dandrit Biotech
A/S (Denmark), a Danish biotechnology company
majority owned by Singaporean investors.
This was a Phase 2 clinical trial of autologous
dendritic cells pulsed with an allogeneic tumour
lysate derived from a melanoma cell line that
has enriched expression of several cancer/testis
antigens, a family of TAAs common among several
cancers (MelCancerVac®; 2005-2006). Among the
20 advanced colorectal cancer patients recruited
into this study, one achieved PR and 7 achieved
SD, with two patients achieving long-term (>5
years) disease control, thus resulting in a clinical
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In the GMP laboratory,
the rare and inactive EBVspecific cytotoxic T cells
in the peripheral blood
of these patients were
reactivated and expanded
to more than a billion in
number, through repeated
stimulation with autologous
EBV-transformed
lymphoblastoid cell lines
(LCL) as EBV antigenpresenting
stimulators
(Figures 2 & 3). Following
Figure 2: Preparation of Epstein–Barr Virus (EBV)-specific T cells for treatment of
the completion of their GC
nasopharyngeal carcinoma (NPC) patients.
treatment cycles, these T
benefit rate of 40% [5].
cells were infused back into the same patients in
multiple doses over 9 months. At the end of the
The second DC vaccine study conducted by Dr planned post-treatment follow-up period for this
Toh’s team was a Phase 2 NPC-targeting vaccine study, 3 patients achieved complete remission
clinical trial conducted in collaboration with and 22 attained PR status; the remaining patients
the Center for Cell and Gene Therapy (CAGT), had stable disease. Thus, the treatment resulted
Baylor College of Medicine, Houston, Texas, USA. in a very encouraging response rate of 71.4% and
It is already very well established that NPC is a clinical benefit rate of 100%! Furthermore, the
associated with Epstein Barr Virus (EBV) latency 2-year overall survival (OS) rate was 62.9%. With
Type II infection, whereby viral gene expression is this encouraging result, Dr Toh and his team will
restricted to only a few antigens, such as latent further develop this treatment by conducting a
membrane protein-1 and -2 (LMP-1 and LMP- multi-centre randomised Phase 3 clinical trial
2). These viral antigens thus serve as convenient in similar NPC patients in order to bring this
targets for immunotherapy. From 2007 to 2008, therapy closer to approval. This trial is targeted to
the team treated 16 advanced NPC patients with commence in the fourth quarter of 2013 and will
autologous DCs transduced with a replication- involve potential participating sites in Malaysia,
deficient Ad5f35 adenoviral vector that encodes Thailand, Taiwan and USA. Dr Toh will be the
the LMP-1 and LMP-2 genes, plus oral celecoxib, lead investigator in this work, with NCCS as the
known to have immune-modulating properties. principal site and the scientific team providing
One of these patients achieved PR and two patients technical support to all sites.
achieved disease stabilization for >18 weeks,
leading to an overall clinical benefit rate of 19% [6]. As an additional advantage of immunotherapy,
especially those strategies utilising autologous
As mentioned earlier, immunotherapy may immune cells, good safety profile and high
also be in the form of adoptive transfer of ex tolerability are observed. The most common side
vivo activated and expanded TAA-specific CTLs. effects are mild, such as mild fever and chills,
Through their continued collaboration with CAGT, and local injection site redness, itchiness or pain.
Dr Toh and his team conducted another Phase 2 Fever and chills may be treated with paracetamol,
clinical trial (2008-2012), treating 38 advanced whilst local injection site inflammation usually
NPC patients with a protocol of combined resolves spontaneously after 48 hours. Although
gemcitabine plus carboplatin (GC) chemotherapy some patients may suffer haematological or liver
with adoptive EBV antigen-specific T cell therapy. function test abnormalities during treatment, no
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Figure 3: A colony of proliferating Epstein–Barr virus-specific T cells in
culture.

cases of organ failure have been reported. The safety record
of immunotherapy is echoed in the above clinical studies in
NCCS. No severe Grade 3 and 4 toxicities related to these
immunotherapies were observed.
Besides the strategies adopted in the clinical studies mentioned
above, which mainly relied on activating an effective adoptive
immune response, strategies involving the activation of innate
immunity in cancer patients may also be efficacious. Dr Toh
and his scientific team are actively investigating such potential
immunotherapy strategies. These include pre-clinical studies
to determine the potential of adopting patient-derived invariant
natural killer cells (iNKT) and gamma-delta T-cells for cancer
treatment. In addition to conducting these bench-to-bedside
studies, the team is also actively conducting bedside-tobench investigations in an attempt to discover biomarkers that
predict the effectiveness of these immunotherapies for better
patient selection as well as potential strategies to improve
their efficacy.
Taken together, immunotherapy represents one emerging
technology that holds great potential in improving treatment
outcome for cancer patients.
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THE TOBACCO FREE GENERATION
2000 PROPOSAL (TFG2000)
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AN END GAME PROPOSAL THAT IS RADICALLY
DANGEROUS, VISIONARY OR BOTH?

2. Editorial : An endgame for
tobacco? Kenneth E Warner.
Tob Control 2013;22:suppl
1 i3-i5 doi:10.1136/
tobaccocontrol-2013-050989 (free
access)

By Heng Nung Koong
With tobacco continuing to be the largest cause of cancer disability and deaths, it is dawning on tobacco control
experts that even with the current best evidence based policies, the preventable death from tobacco in this 21st
Century is projected to exceed 1 billion. Instead, more radical ideas are surfacing, some innovative and inspires.
While most require strong governance and regulatory infrastructure besides being costly, one is completely
the opposite. Since the publication of the Tobacco Free Generation proposal in 2010, key opinion leaders are
beginning to appreciate the power of this innovative proposal. Prof Ruth Malone, Editor-In-Chief, provides a
succinct perspective: ‘The TFG2000 appeal lies in its simplicity and like many good policy ideas, the keys to
success lie in the implementation design and level of public support for the policy, it has intuitive resonance.
It does not disenfranchise current smokers. Its appeal lies in uniting people around the idea of protecting the
Poster by a Primary 4 Child, Raffles Girls Primary School

young from taking up a deadly practice’’.

Listen to the Millennium Generation : Winning Video from the 2013
Youth Summit by the Yong Loo Lin Medical School

T

his is a new public health proposal that promotes

multiple times at the plenary sessions of the 2013

a new generation of NEVER smokers, starting

International Conference on Public Health Priorities

from those born in and after the year 2000,

in the 21st Century besides being well received at the

the millennium generation. This is a PREVENTIVE

dedicated satellite session on the closing day of the

paradigm that is beyond the current ‘’under-age’’

conference. This proposal has also been cited in many

based policy that denies smoking for those under 18

academic meetings the world over and in the March 3

year old. This under-age law suffers with its mixed

issue of the New York Times. It is aligned to the Family

messaging. Sadly, we continue to have close to seven

Smoking Control Act signed by President Obama in

thousand under-age kids in Singapore caught using

2009. The Upper House of Parliament in Tasmania

cigarette annually when the number should be zero.

voted unanimously in support of the proposal. Like

Sending young smokers to Quit Smoking programmes

everyone else in healthcare, we know that controlling

are less successful than we hope for.

tobacco is the most cost effective way to curb our
spiralling health care cost. Help build the Tobacco Free

The TFG2000 social movement comprises medical

Millennium Generation. Look out for the 2013 focus

students, who are future guardians of our health

group qualitative research by DukeNUS/NCCS and the

care, leading young teenage volunteers and working

2014 Ministry of Education approved programme.

with dedicated health care professionals to frame a
truly new approach to tobacco prevention. It was cited

http://www.tobaccofreesingapore.info

http://www.youtube.com/watch?v=8JelMU3H4K0
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ABOUT
HUMPHREY OEI DISTINGUISHED
LECTURE (HODL) SERIES
The Humphrey Oei Distinguished Lecture series was initiated 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
The NCCS’ Humphrey Oei Distinguished
Singaporeans in the field of medical research.
Lecture Series aspires to be one

of Singapore’s leading forums for
intellectual inquiry and discussion in
cancer and biological research. With
eminent scientists as guest speakers, the
series hopes to create an environment
for exploration of ideas and advances
in cancer biology and medicine.

The Origins Of
Pandemic influenza
8 November 2006
TRANSLATIONAL MEDICINE:
BENCH
TO BEDSIDE
BEDSIDE
TO BENCH?
Thursday,
19 AprilOR
2007,
10.45am
to 12.45pm

Distinguished
Speaker:
National Cancer
Centre Singapore
Dr Sydney
Brenner
Level 4, Lecture Hall, 11 Hospital Drive, Singapore 169610
Nobel Laureate, Nobel Prize for Physiology or Medicine in 2002
Chairman, Biomedical Research Council, A*STAR
Senior Distinguished Fellow, Crick-Jacobs Centre, Salk Institute

19 April 2007
THE ORIGINS OF PANDEMIC INFLUENZA
disTinguished sPeaker

SIR JOHN SKEHEL

Distinguished Speaker:
Sir John Skehel

Honorary Professor, Department of Virology, University College London
As one of the world’s leading virologists, Sir John Skehel has made a very special contribution
Board
Member,
National
Biological
UK
to medical
science.
His work elucidates
theStandards
pathogenicityBoard,
and immunogenicity
of influenza
viruses through studies on the molecular and structural interactions of the haemagglutinin
membrane glycoproteins and its host cell receptors. Because of his research, the medical
community has a better understanding of the pandemic influenza virus outbreak in 1918
that claimed more than 20 million lives, and it has provided new insights into the pandemic
potential of the H5N1 influenza viruses.

12 November 2007
Sir John earned his PhD from the University of Manchester in 1966, and served as Director
SINGLE
NUCLEOTIDE POLYMORPHISMS IN THE P53 PATHWAY:
of the National Institute for Medical Research in 1969. He was conferred Fellow of the Royal
CANCER,
GENDER
Society in 1984.
Two years AND
later he FECUNDITY
was awarded the Wilhelm Feldberg Prize, and in June 1996
he was knighted. Sir John won the Royal Society’s Royal Medal in 2003. He is an Honorary
Professor at the
University College London, Department of Virology. Sir John was also
Distinguished
Speaker:
appointed a board member of National Biological Standards Board (NBSB), which has a key
Prof Arnold Levine
role in advising the British government on public health threats like the bird flu.

Professor, The Simons Center for Systems Biology,
Institute for Advanced Study, Princeton
Joint Professor, Pediatrics and Biochemistry Departments,
Cancer
Institute of New Jersey
This lecture series is brought to you by the National Cancer Centre, Singapore.
ADMISSION IS FREE. ONLINE REGISTRATION is required, by 9 April 2007.
For more details or online registration, please refer to the website: www.nccs.com.sg/register.asp
For further enquiries, please contact Ms Josephine Law.
email: law.m.c@nccs.com.sg or Tel: (65) 6236 9421

17 July 2008
DID THE ONCOGENE REVOLUTION SETBACK CLINICAL ONCOLOGY?
Distinguished Speaker:
Prof Wah Mak Tak
Director, Campbell Family Institute for Breast Cancer Research,
Prince Margaret Hospital
University Professor, University of Toronto

14 October 2008
PALLIATIVE CARE AS A HUMAN RIGHT
Distinguished Speaker:
Dr Richard Payne
Professor of Medicine and Divinity and Esther Colliflower
Director, Institute on Care at the End of Life, Duke University Divinity School

2 April 2009
INFECTIOUS CAUSES OF HUMAN CANCERS: PERSPECTIVES
Distinguished Speaker:
Prof Harald zur Hausen
Nobel Laureate, Nobel Prize for Physiology or Medicine in 2008
Professor Emeritus, German Cancer Research Center, Heidelberg, Germany

31 July 2009
CANCER STEM CELLS: FACT OR FICTION
Distinguished Speaker:
Dr John Dick
Professor of Molecular Genetics, University of Toronto
Program Director, Cancer Stem Cells-GENESIS Ontario Institute for Cancer
Research
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6 August 2009
PROTON THERAPY: THE FUTURE OF RADIATION THERAPY OR A
PASSING FAD?
Distinguished Speaker:
Dr Jerry Slater
Professor and Chairman, Department of Radiation Medicine,
Loma Linda University

3 December 2009
PHYSIOLOGICAL FUNCTIONS OF DIOXIN (ARYLHYDROCARBON)
RECEPTOR, A MULTI-FUNCTIONAL REGULATOR THAT SENSES AND
RESPONDS TO ENVIRONMENTAL STIMULI
Distinguished Speaker:
Prof Yoshiaki Fuji-Kuriyama
Professor Emeritus, Tohoku University
Adjunct Professor, Medical Research Institute,
Tokyo Medical and Dental University
Visiting Scientist, Institute of Molecular and Cellular Biosciences,
University of Tokyo

10 October 2011

EVOLUTION OF CANCER GENOME
Distinguished Speaker:
Prof Michael Rudolf Stratton
Director of Wellcome Trust Sanger Institute
Head, Cancer Genome Project, Wellcome Trust Sanger Institute
Professor of Cancer Genetices, Institute of Cancer Research, Sutton,
Surrey Honorary Consultant, Royal Marsden Hospital, Sutton, Surrey

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

19 July 2013

END GAMES STRATEGIES IN TOBACCO CONTROL

2 March 2010
TISSUE-BASED MOLECULAR PATHOLOGY –
THE KEY TO TARGETED THERAPY OF CANCER

Distinguished Speaker:
Prof Ruth E. Malone
Professor and Chair Department of Social & Behavoural Sciences,
University of California, San Francisco
Editor-in-Chief, Tobacco Control

Distinguished Speaker:
Dr Manfred Dietel
Professor, Anatomic and Surgical Pathology
Director, Institute of Pathology, Charité University Hospital Berlin,
Humboldt-University

19 August 2013

PROTON THERAPY: RATIONALE AND PERSPECTIVES
Distinguished Speaker:
Dr Alejandro Mazal

24 February 2011

HODGKIN LYMPHOMA: A NEVER ENDING EXCITING STORY: FROM
THE ABSORBENT GLANDS TO THE MOLECULAR CURE
Distinguished Speaker:
Prof Volker Diehl
Director Emeritus for Internal Medicine, University of Cologne
Founder and Honorary Chairman, German Hodgkin Study Group

Project Director, Proton Therapy Center, Institute Curie,
Orsay Head, Medical Physics Department, Institute Curie, Paris
Chairman, Particle Therapy Cooperative Group (PTCOG)
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INTERNATIONAL COLLABORATORS

Academic Medical Centre
(AMC), Amsterdam

Department of Oncology,
University of Edinburgh, UK

Ludwig-MaximiliansUniversity Munich, Germany

The Rayne Institute,
King’s College, UK

Department of Biological and Medical
Research, King Faisal Specialist
Hospital & Research Centre, Riyadh,
Saudi Arabia

Duke Comprehensive Cancer Centre,
USA

Division of Medical Oncology
A, Laboratory of Experimental
Preclinical Chemotherapy and
Translational Oncogenomics,
Regina Elena National Cancer
Institute, Rome, Italy

University of Paris

University of Leeds, UK

Department of Radiology,
The Ohio State University,
USA

Leibniz Institute for Age Research, Fritz
Lipmann Institute e.V., Germany

Institute of Basic Medical
Sciences School of Basic
Medicine, Chinese Academy
of Medical Sciences, China

University of Vienna, Austria

Institute of Molecular Pathology,
Vienna, Austria

National Cancer Centre,
Tokyo, Japan

Dept. of Obstetrics,
University of Kobe, Japan

University of Zurich, Switzerland &
Imperial cancer Research Fund, UK

University of Milan, Italy

National Hellenic Research
Foundation, Athens, Greece

Case Western Reserve University,
Cleveland, Ohio, USA

Stanford University, USA

Department of Oncology,
Cross Cancer Institute,
University of Alberta
Edmonton, Alberta, Canada

Massachusetts General
Hospital-East, USA

Oregon Cancer Institute, Oregon Health
Sciences University, Portland, Oregon,
USA

Research Institute of
Virology and Biomedicine,
University of Veterinary
Medicine; Vienna, Austria

University of Massachusetts
Medical School

University of Zurich,
Switzerland
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Beckmann Centre, Stanford
University, USA

Pasteur Institute, France

Osaka University, Japan

National Cancer Institute,
National Institutes of Health,
USA

LightSciences Corporation, USA

University College
Hospital, London, UK & Ark
Therapeutics, UK Plc

Beatson Institute, Glasgow,
UK

Polish Academy of Sciences

Dutch Cancerer Institute
(NKI)

The Jackson Laboratory,
USA

Children’s Hospital, Harvard Medical
School, USA

The University of Queensland
Diamantina Institute

IARC, Lyon, France

University of Cambridge, UK

ApoCare Pharma GmbH,
Hauptstrasse 198, D-33647
Bielefeld Germany

Seoul National University
Hospital

Agilent Technologies

New York Blood Center, NY,
USA

Pevion Biotech AG,
Worblentalstrasse 32, 3063
Ittigen / Bern, Switzerland

Ontario Institute for Cancer
Research, Canada

University of California, San
Francisco, USA

Center for Cell & Gene
Therapy, Baylor College of
Medicine, Houston, Texas,
USA

University of Copenhagen, Denmark

National Institutes of Health,
USA

Children’s Hospital at
Westmead, Sydney

National Institute of Allergy and
Infectious Diseases, National Institutes
of Health, USA

Johns Hopkins University
School of Medicine, USA

Washington University in St
Louis School of Medicine,
USA

Dept of Clinical Pharmacology,
University of Tubingen, Germany

Institute Claudius Regaud,
France
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LOCAL COLLABORATORS

Agilent Technologies

Bioinformatics Institute

Changi General Hospital

Nanyang Technological
University

National Heart Centre

National University Health
System

DanDrit Corporation Pte Ltd

Duke-NUS

Genome Institute of
Singapore

National University of
Singapore

Singapore Bioimaging Consortium

Singapore General Hospital

Institute of Materials
Research and Engineering

Institute of Medical Biology

Institute of Microelectronics

Singapore Immunology
Network

Institute of Molecular and
Cellular Biology

Khoo Teck Puat Hospital

KK Womens’ and Childrens’
Hospital
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RESEARCH ADMINISTRATION

Confocal Microscopy

Flow Cytometry

The Research Administration department is the central coordinating body that provides
support to both clinicians and scientists in three broad areas: Grants Administration,
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 16 research laboratories occupy approximately 5,000 square metres of the NCCS
building. We have another 4 laboratories situated off-site currently hosted at SingHealth
facilities.
Core facilities include an AAALAC accredited Animal Holding Facility, a Biohazard containment
facility, a GMP grade facility dedicated to the preparation of clinical grade research material,
a Research Store which stock commonly used consumables, Media Preparation Facility,
Irradiator Facility, Centrifuge Facility, Confocal Microscopy, Dark Room, Flow Cytometry,
Histological capabilities, supported by a centralized glassware and autoclave facility.

Glassware & Autoclave Facility

Animal Holding Unit

Histological Capabilities

Research Store

Biohazard Facility

Media Preparation
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ABOUT THE NATIONAL CANCER
CENTRE SINGAPORE (NCCS)

IN MEMORIAM
Professor Kie Kian Ang, M.D., PhD.
1950 – 2013

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

List of all research publications

NCCS Website: www.nccs.com.sg

www.FB.com/NationalCancerCentreSingapore

Prof Kie Kian Ang, M.D., PhD., passed away on Wednesday, June 19th, 2013 in Houston,
Texas, aged 63 years. He was born in China and brought up in Indonesia. He earned
his medical degree from the Catholic University of Leuven in Belgium and moved to
Houston, where he devoted close to 29 years to MD Anderson Cancer Center as a
radiation oncology professor. He authored several textbooks and was credited with
literally writing the book on how to use radiation to treat head and neck cancer. Widely
recognized as an international thought leader among his peers, he was also a master
clinician and a respected educator. His work as a highly accomplished scientist
has changed the practice of cancer care on an international scale. Kian, as he was
endearingly referred to by his peers, was the acting Vice President of MD Anderson’s
Global Academic Program and also held the endowed Gilbert H. Fletcher Distinguished
Memorial Chair. He has received the highest honours from many societies in his field,
including the ASTRO Gold Medal.
He will be remembered for his great sense of humour, love of travel and good wine and
his tennis skills. He loved to spend time with his family, especially at Ang family BBQ’s
and Christmas.
Contributions to NCCS Scientific Advisory Board: Year 2007 – Year 2013
Credits: Published in Houston Chronicle on June 23, 2013
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