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Abstract: Singapore is a densely populated small island nation, with a multiethnic and multireligious
population. Cancer is the leading cause of death in Singapore. The population is well educated and coupled
with greater awareness, there is an increasing demand for genetic testing for hereditary cancer syndromes. In
Singapore, the Singapore Cancer Action Network (SCAN) guidelines for referral for genetic testing serves
as a guide for clinicians on appropriate referral. We examined the important factors in genetic counselling in
such a diverse population, such as acknowledgement of psychosocial impact of BRCA1/2, cultural sensitivity
and upskilling of healthcare professionals. Access to genetic services in Singapore is widely available, though
the number of patients who undergo testing is lower due to need for out-of-pocket costs and lack of funding
from government agencies and insurance companies. The delivery of clinical care and research accrual is
performed concurrently in our centre. All patients undergo pre-test counselling before giving informed
consent for germline genetic testing and post-test counselling for interpretation of test results. Patients who
test positive for BRCA1/2 continue to be on follow up with the cancer genetics clinic for risk-management.
Predictive testing is discussed and facilitated for all at-risk relatives. Challenges faced by cancer genetics
professionals in Singapore include the high rate of variant of uncertain significance (VUS) and low predictive
testing rates. We hold regular support group activities for patients to seek mutual support and to raise overall
awareness of BRCA1/2. We believe our comprehensive cancer genetics service serves as a useful model for
other Asian countries looking to set up their own unit. We continue to aspire to empower patients, family
members and healthcare professionals with cancer genetics knowledge to improve personal and public
health.
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The landscape of Singapore healthcare

Singapore is an island nation located in Southeast Asia,
measuring 721.5 km’ and 50 km end to end. Singapore is a
densely populated country, with a population of 5.7 million.
The population is multiethnic and comprises 74% Chinese,
13% Malay, 9% Indian and 3% others (1). In addition

to being racially diverse, Singapore is also multireligious
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with Buddhism/Taoism (43 %), Christianity (19%), Islam
(14%), Hindu (5%) and unaffiliated (19%) making up the
population’s religion (2). Singaporeans are 97.3% literate,
with 57.3% of the population having post-secondary
qualifications and 32.4% holding a university degree (1).
The average life expectancy of a Singaporean at birth is
83.2 years, with females and males at 85.4 and 81.0 years
respectively (1). Cancer is the leading cause of death in
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Singapore (28.8%), with pneumonia (20.6%) and ischemic
heart disease (18.1%) as the second and third most common
cause of death (3). Amongst patients with cancer, breast
cancer is the most common cancer diagnosed in females and
the second most common cancer in the overall Singapore
population (4). It affects approximately 1 in 14 Singaporeans
in their lifetime. On average, more than 1,900 women in
Singapore are diagnosed with breast cancer yearly, and over
400 die from the disease each year (4).

There are nine public tertiary hospitals in the country,
with a doctor to population ratio of 1:410 (1). Two formal
cancer genetics services are available in Singapore, based
in National Cancer Institute Singapore (NCIS) and
National Cancer Centre Singapore (NCCS). Both genetics
services serve both paediatric and adult patients. NCCS
also runs satellite outreach clinics in other public hospitals
distributed across Singapore. All genetic counsellors
working at NCCS have Master’s level qualification in
genetic counselling. Genetic counsellors in Singapore are
in the process of establishing national proficiency norms
through the establishment of a professional society. Public
healthcare in Singapore is subsidized by the government
and is provided via a co-payment system (5). There is a
nationwide insurance program “Medishield Life” that
covers all Singaporeans from birth. Additional coverage
can be bought from private insurers at one’s own expense.
Government subsidies are tiered and provided based
on financial need, with systems such as Community
Health Assist Scheme (CHAS) and Medifund to help the
economically disadvantaged.

Breast cancer screening

The national screening programme for breast cancer,
BreastScreen Singapore (BSS), offers low cost
mammographic screening to all Singaporean women
above the age of 50, with biennial mammograms (6). Only
40% of Singaporean women are up to date with their
mammogram screening in Singapore (7). However, this
figure is an underestimation as it excludes patients who had
their mammogram done in the private sector as they are not
captured by BSS.

Genetics literacy and cultural awareness

The demand and resultant supply of genetic testing has
grown rapidly globally (8). Since 2014, there has been
significant increases in the number of cases referred for
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genetic counselling in Singapore as well (9-11). This
is likely contributed by the rising genetics literacy and
awareness amongst healthcare professionals and the
Singaporean population (12), in part due to sustained effort
from the genetics services (13).

Genetic counselling involves more than just provision
of information from healthcare professional to patient,
it addresses the psychosocial aspects of hereditary
conditions (14). With the availability of genetic counsellors,
time is spent with patients and their families to provide
information, clarify doubts, promote informed decision-
making, whilst providing the necessary emotional support.
This has been shown to improve patient outcomes,
including empowerment, behavioural change and decisional
satisfaction (15-18). Moreover, there is a cascade effect
where patients are better equipped to share the genetics
knowledge from the consult with their extended families to
help with downstream risk management (19,20).

In multiethnic countries, it is important for genetic
counselling services to be culturally sensitive (21). In a
multilingual country such as Singapore, English may be the
working language, but not necessarily the native language of
the patient. All information leaflets on common hereditary
conditions are translated into the three most common
languages in Singapore (English, Mandarin and Malay) in
both cancer genetics services in Singapore.

Cultural sensitivity requires healthcare professionals
to understand the strong impact of culture on health
beliefs (22). Amongst the ethnic groups, healthcare
outcomes amongst the Malay community are known to
be poorer (23,24). We explored the cultural beliefs of the
Malay community via focus groups to understand their
views towards breast cancer screening and genetic testing.
The study found that spiritual and religious beliefs act as
barriers towards uptake of screening and genetic testing,
preference for traditional medicine competes with Western
medicine recommendations, family and community
influence health-related decisions, complexed by differences
in intergenerational beliefs creating contrasting attitudes
towards screening and prevention (25). Moving forward,
we aim to collaborate with key Malay community leaders
in order to address these cultural factors, as well as expand
research to other ethnic groups.

Education of healthcare professionals

At the professional level, both genetics services play a key
role in raising awareness and sharing genetics knowledge
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in the healthcare community. Genetic counsellors attend
multidisciplinary tumour boards and attach checklists in
clinics to identify patients appropriate for genetics referral
and help busy clinicians pick these patients up (26,27).
This is pertinent in light of the expanding indications
and continued lowering of threshold for genetic testing.
Genetics education is also a key component of cancer
genetics work. The clinical geneticist and genetic
counsellors are involved in educating a wide spectrum of
healthcare professionals, including nurses, medical officers,
residents, senior residents and consultants, both locally
and in the region. This strategy aims to improve genetics
knowledge amongst the next generation of healthcare
providers, so that patients with hereditary cancer syndrome
such as Hereditary Breast and Ovarian Cancer (HBOC)
are appropriately managed. Considerable effort has been
put into tailoring referral and risk management guidelines
specific to the Singapore context. The Singapore Cancer
Action Network (SCAN) guidelines for referral for genetic
evaluation of common hereditary cancer syndromes was
published in 2015 (28) and is due for revision in 2020. It
was a collaboration between Singapore’s tertiary cancer
centres to address common hereditary cancer syndrome,
including HBOC and Lynch syndrome. SCAN adopted
guidelines from international societies, including National
Comprehensive Cancer Network (NCCN) and European
Society of Medical Oncology (ESMO), and modified
them to fit the local Singaporean context. Given the
BRCA1/2 Manchester scoring prediction model was
included in these guidelines, we have also validated the
model for the Singaporean population (29). More recently
in 2017, NCCS aimed to standardize care pathways for
HBOC and other adult hereditary cancer syndromes. A
multidisciplinary team was convened to adapt Singapore-
specific risk management guidelines for our hospital.
The recommended surveillance for BRCA1/2 pathogenic
variant/likely pathogenic variant (PV/LPV) carriers
adopted in NCCS are shown in 7able 1.

Access-referral source and costs

Two academic institutions, NCIS and NCCS, see the
majority of adult cancer genetics referral in Singapore.
Approximately 70% of all cancer cases in Singapore are
seen at NCCS, with more than 9000 new cancer cases seen
yearly (30). Out of these, approximately 450 patients (5%)
may carry a cancer predisposition gene (31). Patients are
referred based on personal and/or family history of cancers.
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Waiting time is in the range of two to three months,
however, patients are seen sooner if they require urgent
testing for treatment purposes. Long waiting time has been
shown to increase non-attendance in clinics with a lost
opportunity to identify patients with BRCA1/2 PV/LPV
and their at-risk family members (32,33). Referrals originate
from other departments within public institutions, general
and specialist practitioners from the private sector and also
from the surrounding South East Asian region.

From 2014 to 2019, more than 2600 patients were seen
at NCCS Cancer Genetics Service (CGS). Affected patients
present with a diverse range of tumour types (Figure I).
Breast and ovarian cancers account for 62% of the observed
tumour types. Seventy-one percent of patients seen at CGS
will proceed with genetic testing. Amongst patients who did
genetic testing, pathogenic variants were found in 16.3% of
patients, variant of uncertain significance (VUS) in 34.6%
of patients and a combination of pathogenic variants and
VUS were seen in 8.2% of patients. 40.9% of patients had
a negative test result. Due to the large diversity of cases
seen and the routine use of multi-gene panel testing, a large
spectrum of germline pathogenic genes are found, of which
BRCA1/2 contributes to 43% (Figure 2).

There are currently no government subsidies for genetic
testing. Similarly, most insurance companies do not cover
the cost of genetic testing. Over the last decade, testing
individual genes with Sanger sequencing has largely been
replaced by multigene panel testing with next generation
sequencing (34). With this, the cost of testing has fallen
significantly to less than SGD$700 per test. However, this
lowered cost is still viewed as a barrier to genetic testing
in Singapore (10). Public institutions depend on finite
short-term philanthropic funds as a plug gap measure for
financially needy patients. The provision of philanthropic
funding resulted in a significant increase in uptake of genetic
testing and improved access for patients in need of genetic
testing (10,35). Outcomes from such a model is actively
being studied by policy makers. Pharmaceutical companies
have also begun to offer genetic testing for patients, in
light of expanding drug indications based on germline
test results. Unfortunately, the focus is only on groups of
patients with druggable mutations in specific cancers (36)
and miss out many others who would benefit from genetic
testing for risk management indications. While such
industry partnerships and support is important, it is vital
that the health system ensures access to actionable genetic
testing remains equitable, regardless of socioeconomic
status as well as disease type and stage.
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Surveillance: consider annual skin check by dermatologist (age at which to commence dependent on family ~ Annual

Surveillance: consider on case-by-case basis preferably within research study (currently little evidence of
history, on case-by-case basis); practice sun smart behaviour

benefit); international consensus recommends surveillance with endoscopic ultrasonography and/or MRI/
magnetic resonance cholangiopancreatography if individual has at least 1 FDR affected with pancreatic

cancer or those with >2 affected blood relatives (even without FDR)-optimum age is unclear and is

Surveillance: maintain chest awareness and pectoral area palpation on regular basis from age 35; annual
determined on case-by-case basis; avoid smoking

Singapore guidelines based on expert consensus
clinical breast examination from age 35

Prostate cancer Surveillance: recommend annual PSA + DRE from age 45
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NCCS, National Cancer Centre Singapore; MMG, mammogram; RRBSO, risk-reducing bilateral salpingo-oophorectomy; TVU, transvaginal ultrasound; HRT, hormone

replacement therapy; FDR, first-degree relative; PSA, prostate-specific antigen; DRE, digital rectal examination.

Page 5 of 9

Tumour types

Others
20%

Pancreatic Breast Cancer
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Cancer
% = Breast Cancer
Colorectal =Ovarian Cancer
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Figure 1 Tumour types seen in Cancer Genetics Service, National

Cancer Centre Singapore.

Pathogenic variants

BRCA1

Others
30%

TP53
3% BRCA2
SDHD 20%
3%
MSH86
3%
MSH2
3% 7 MLH1
PALB2 ATM - 5%
3% 3%

=BRCA1 = BRCA2+= MLH1 = APC = ATM = PALB2 = MSH2 = MSH6 = SDHD = TP53 = Others

Figure 2 Distribution of pathogenic variants in Cancer Genetics

Service, National Cancer Centre Singapore.

Genetic counselling—the testing process in
Singapore

All patients who attend the genetics clinic undergo pre-
test counselling with a genetic counsellor and/or clinical
geneticist, the latter if a physical examination is required. It
entails taking a medical history, three generation pedigree,
risk assessment and a discussion on the pros and cons
of germline genetic testing. Patient are then given the
opportunity to decide if they are keen to proceed with
testing and informed consent taken. All patients who
undergo genetic testing are recruited to a prospective
registry. The turnaround time ranges from two to eight
weeks depending on extent of testing. All laboratories
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used by public institutions have to be accredited according
to national standards to ensure reliability. Laboratories
are selected based on quality, methodology, cost, as
well as their ability to respond to request for review of
clinically suspicious cases. This is especially important in
a multiethnic population like Singapore, where there are
often limited allelic frequency data available in the public
domain for variant classification (37-39). Genetic data is
lacking for much of Singapore’s diverse Asian population
and this results in a higher rate of VUS (40,41). Due to
these limitations, all genetic test reports are discussed at
a weekly family review meeting, where the genetics team
reviews every report and ensure the correct interpretation
of all variants, paying attention to the population source
of the reported allelic frequencies. In some cases, we have
encountered highly suspicious families with clinically
relevant variants where the original test result indicated a
VUS. We will then employ several alternative methods to
help with variant reclassification (e.g., segregation analysis)
and have been successful at resolving a number of such
cases.

One key factor contributing to the resolution of these
cases is having a centralised registry where information is
stored in terms of families and not just individual patients.
This allows for the identification of families carrying the
same variant. By accumulating families with the same
variant, investigations can be pooled together to provide
more power for variant reclassification. This is important in
understudied populations, such as Singapore and the rest of
Asia, where normal variant data is clearly lacking. Singapore
has a National Electronic Health Record (NEHR) that
stores patient’s health data (42). This makes it accessible
to other healthcare providers in Singapore for seamless
transfer of care between hospitals and also empowers
patients to take charge of their own health.

Follow up—surveillance, predictive testing,
patient support group

Patients receive post-test counselling and risk-management
recommendations for both individual and at-risk family
members in the same setting. When a BRCA1/2 PV/LPV
is found in a patient, individualized risk management
is offered, and predictive testing of at-risk relatives is
facilitated. Letters are written back to referring doctors on
surveillance recommendations and therapeutic implications
for the individual patient, as well as surveillance guidelines
for the extended family. Patients are encouraged to share

© Chinese Clinical Oncology. All rights reserved.
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their genetic results with their relatives to enable cascade
predictive testing. Patients continue to be followed up with
the cancer genetics service which serves as patient advocates
in their downstream care. With patient-centric care as
the goal, patients are managed in multi-disciplinary risk
management clinics.

For female BRCA1/2 PV/LPV carriers in Singapore,
women are encouraged to start their annual breast
imaging at 25 to 30 years old and to consider risk-reducing
bilateral salpingo-oophorectomy when family planning
is completed (Table 1). For males with BRCA1/2 PV/
LPV, we have an individualized discussion on the benefit
of annual prostate-specific antigen (PSA) screening
starting from age 40 to 45, especially for BRCA?2 carriers
(Table 1). For males and females with BRCA2 PV/
LPYV, pancreatic cancer screening is controversial. We
discuss screening with endoscopic ultrasonography and/
or MRI/magnetic resonance cholangiopancreatography
(MRCP) in our centre if they have high risk features,
such as a first-degree relative with pancreatic cancer
or two relatives of any degree with pancreatic cancer
(Table 1) (43). This is performed within the domains of
a study protocol. An annual skin examination for lesions
worrisome for melanoma is discussed in selected patients.
Sun-smart behaviour is encouraged for all patients with
BRCA2 PV/LPV (Table 1). Most Singaporeans with
BRCA1/2 PV/LPV adhere to their surveillance protocol
despite the need for out-of-pocket testing (44). However,
there are economically disadvantaged patients who are
not able to afford the cost of surveillance imaging. NCCS
has thus partnered with community groups, such as the
Singapore Cancer Society, to provide financial support for
these patients.

A previous study done in NCCS showed the uptake
of predictive testing in our centre is 15%, which lead us
to interview our patients to explore factors that influence
the sharing of genetic results with their relatives (20).
The reasons we identified were similar to our Western
counterparts. These include distant family relations, family
members not involved in testing process and perception of
high likelihood of burden with the knowledge of hereditary
cancer. A subsequent study showed that provision of
subsidies increased uptake of genetic testing and was
cost-effective if the uptake of predictive testing exceeded
36% (10). With this knowledge, we have modified our
practice from the first consult, and actively encourage
patients to come with a family member for support and
to engage the patient’s family on the possible need for
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predictive testing. Targeted efforts to improve predictive
testing rates are currently underway, with campaigns such
as “Jeans For Genes” held annually to raise awareness
about hereditary cancer syndromes. We are piloting several
multi-prong approaches to reach a target of 40% predictive
testing uptake over the next few years.

Our patient support group, At-Risk of Cancer (ARC)
Support Group, organises quarterly gatherings facilitated
by healthcare providers. It is an avenue for patients to
seek mutual support and since its inception in 2017, the
number of participants has grown significantly. The patients
participate in a wide range of activities, such as talks to teach
them how to manage the psychological stress of having a
hereditary cancer syndrome and also ways to improve self-
confidence.

Summary

The field of cancer genetics is constantly evolving and
the clinical indications for germline genetic testing will
continue to expand. Genetic testing is coming of age in
Singapore with increasing genetic literacy and demand
from the general population. As such, there is a clear need
of dedicated healthcare professionals for pre- and post-test
counselling, interpretation of test results and surveillance
for patients, as well as predictive testing for at-risk family
members. We believe the steps we have taken to develop a
comprehensive cancer genetics service will serve as a useful
resource for others, particularly in Asia. It is essential for
countries in Asia to prioritize the removal of major barriers
to the provision of genetics services, including long-term
funding sources for genetic testing and surveillance imaging.
Improving predictive testing rates is the mainstay of cost-
effective delivery of genetic counselling services. With
greater uptake of genetic testing, this will likely reduce
mortality in patients with hereditary cancer syndromes,
lower healthcare cost and advance our understanding
of normal genetic variants in the understudied Asian
population.
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