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Abstract

Introduction: The SCAN cancer genetics workgroup aimed to develop Singapore
Cancer Network (SCAN) clinical practice guidelines for referral for genetic evaluation of
common hereditary cancer syndromes. Materials and Methods: The workgroup utilised a
modified ADAPTE process to calibrate high quality international evidence-based clinical
practice guidelines to our local setting. Results: To formulate referral guidelines for the 3
most commonly encountered hereditary cancer syndromes to guide healthcare providers
in Singapore who care for cancer patients and/or their family members, 7, 5, and 3 sets
of international guidelines respectively for hereditary breast and ovarian cancer (HBOC)
syndrome, Lynch syndrome (LS), and familialadenomatous polyposis (FAP) were evaluated.
For each syndrome, the most applicable one was selected, with modifications made such
that they would be appropriate to the local context. Conclusion: These adapted guidelines
form the SCAN Guidelines 2015 for referral for genetic evaluation of common hereditary

cancer syndromes.
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Introduction

Mutations in high penetrance genes account for
approximately 3% to 5% of all cancers. In the last 2
decades, there has been better characterisation of an ever
growing list of hereditary cancer syndromes, largely
due to the identification of causative genes. Formal
management guidelines, including testing, screening and
preventive options, have been established for many of
these syndromes.!? Identification of these patients and
families who are at extremely high risk of developing
cancer for specialised management is crucial to reduce
cancer occurrence and mortality. Formal cancer genetics
programmes have been established in Singapore in both
tertiary cancer centres in Singapore (National University
Cancer Institute [NCIS], National Cancer Centre [NCCS])
since 2001.° However, there are no formal local guidelines
providing guidance to general practitioners, physicians
or surgeons on who should be referred for cancer genetic
assessment.

The SCAN Guidelines for Referral for Genetic
Evaluation of Common Hereditary Cancer Syndromes

The SCAN Guidelines are clinical practice guidelines
for referral for genetic evaluation of common hereditary
cancer syndromes.

These first edition guidelines are intended to serve as
recommendations by members of this working group
reflecting their views on current existing international
guidelines for the referral for genetic evaluation of common
hereditary cancer syndromes. While it hopes to harmonise
the management of such syndromes, it is not intended
to serve as a standard or to replace good judgment and
individualisation.

Target Users of the Guidelines

The guidelines will be of interest to healthcare providers
in Singapore who care for cancer patients and/or their
family members.
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Guideline Recommendations/Development

The SCAN Cancer Genetics Workgroup comprises a
panel of 4 medical oncologists and 1 colorectal surgeon
from Singapore with special interests in the management
of hereditary cancer syndromes. Membership of the
workgroup was by invitation. The workgroup elected
its own chairperson and decided on its own scope.
Guideline selection was conducted through workgroup
consensus. Potential conflicts of interest were declared by
the International Committee of Medical Journal Editors
(ICMIJE) guidelines. Secretarial support for the overall
guideline development effort was provided by Annals,
Academy of Medicine Singapore. No other financial support
was obtained. Guideline searching was conducted by the
section lead with input from the workgroup members.
The group met once in person, and completed guideline
development through email communication.

The ADAPTE framework was used as a pragmatic
structure and guidance for calibration of international high
quality guidelines to the Singapore context. The framework
involves 3 phases: set-up, adaptation and finalisation. During
the set-up phase, available resources were considered.
During the adaptation phase, high quality guidelines were
selected for evaluation and structured approaches developed
for guideline evaluation and selection. This involved the
extraction of data on source guideline development, the
setting up of mechanisms for selecting recommendations
and also recognising possible dissent amongst panel
members. Calibration of guidelines to the local context
based on available Singapore data was encouraged. The
finalisation phase involved writing, external review,
stakeholder feedback, and the setting up of a mechanism
for regular updating. For each individual recommendation,
agreement was established by a simple majority for
established international recommendations and by a two-
third majority for independent local recommendations.
Dissenting workgroup members were invited to include
comments for eachrecommendation. International measures
of cost-effectiveness for each recommendation were
obtained where available.

The workgroup members shared a common view that
referral guidelines represented a key issue that is both
pressing and relevant to the medical community at large. In
contrast, testing and management guidelines are less relevant
as pre- and post-test genetic counselling, surveillance and
preventive recommendations, test result interpretations,
and the social and ethical implications of genetic testing
would be mostappropriately delivered by trained specialists,
preferably in the setting of a specialised cancer genetics
clinic in a tertiary cancer centre. Currently, only 2 such
clinics exist in the 2 tertiary cancer centres in restructured
hospitals in Singapore: NCIS and NCCS, to serve the entire

Singapore population of ~5.5 million. Both clinics are led
by medical oncologists trained in cancer genetics, assisted
by a cancer genetics counsellor. In addition, there are a few
specialists in private medical centres who are trained to
provide cancer genetics evaluation and counselling.

The workgroup decided to focus on the following 3
hereditary cancer syndromes most commonly encountered
in practice:

1. Hereditary Breast and Ovarian Cancer (HBOC)
Syndrome,

2. Lynch Syndrome (LS), and
3. Familial Adenomatous Polyposis (FAP).

Considering that at-risk patients may be referred from a
diverse group of healthcare providers with different levels
of knowledge on hereditary cancer syndromes, ranging from
family physicians to specialists from different disciplines
who may manage cancer patients or their families, it was
decided that risk criteria chosen as referral guidelines
should be clinical criteria that can be readily understood
and assessed in the clinic. In addition, it was noted that
while genetic evaluation and counselling is a health service
that can be subsidised by the government, genetic tests are
specialised tests that are self-paid by patients in Singapore
and typically cost ~USD $1500 to $2000. High test cost
has been cited as a barrier to genetic testing in Singapore.*
Recognising this and the fact that medical resources are
limited in Singapore with only 2 specialised cancer genetics
clinicsin the restructured hospitals serving the entire nation,
it was decided to set the referral threshold at a sensitivity
level equivalent to an a priori probability of diagnosing
hereditary cancer syndrome of >10% to 20%, so as not to
overwhelm the healthcare system.

Table 1 lists the guidelines that were reviewed, the
details of which are summarised in Supplementary Tables
1-3. Guidelines were selected from various representative
international professional bodies, excluding those that were
published more than 10 years ago. Seven, 5, and 3 sets
of international guidelines were reviewed for HBOC,>®
LS, and FAP'*!? respectively. The workgroup reviewed
the guidelines and selected the most applicable one for
each syndrome with modifications made for them to be
appropriate to the local context (Table 2).

1. Hereditary Breast and Ovarian Cancer (HBOC)

International guidelines for HBOC typically divided the
recommendations into 2 categories: for women with and
without a personal history of cancer. All members elected
to streamline the guidelines into a single category using the
family as a unit and modify the wordings to include salient
aspects of both personal and family histories. Most of the
guidelines (NICE, Canadian Saskatchewan, USPTF,ASCO,
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Table 1. International Guidelines Reviewed for Common Hereditary Cancer Syndromes by the SCAN Cancer Genetics Workgroup

Hereditary Cancer Syndrome

International Guidelines Reviewed

National Comprehensive Cancer Network (NCCN, United States), 2014
United States Preventive Services Task Force (USPSTF), 20133
National Institute for Health and Care Excellence (United Kingdom), 2013

Hereditary Breast and Ovarian Cancer

American Society of Clinical Oncology (ASCO), 2012°

European Society for Medical Oncology (ESMO) Guidelines Working Group, 20117

Syndrome
Saskatchewan Cancer Agency (Canada), 2012
The American College of Obstetricians and Gynaecologists (ACOG), 2011°
National Comprehensive Cancer Network (NCCN, United States), 2014
European revised guidelines for the management of Lynch syndrome, 2013°
Lynch Syndrome American College of Medical Genetics (ACMG), 2013°

The Evaluation of Genomic Applications in Practice and Prevention working Group (EGAPP) Working Group, 2009"

American College of Gastroenterologists, 20082

National Comprehensive Cancer Network (NCCN, United States), 2014

Familial Adenomatous Polyposis

American College of Medical Genetics (ACMG), 2013

American College of Gastroenterologists, 2009'?

ESMO) were similar in recommending that women with
young breast cancer, multiple family members with breast
cancers, bilateral breast cancers, breast and ovarian cancers,
male breast cancers, and multiple other related cancers
(pancreatic, prostate, etc.) be included. In concordance
with these recommendations, one local study showed that
the highest risk group is families with breast and ovarian
cancer. '

After reviewing the 7 sets of international guidelines, the
committee decided to adopt the guidelines by the European
Society for Medical Oncology (ESMO) Guidelines Working
Group (2011) as the backbone guidelines,” as they were
most encompassing, recommending 4 broad categories of
patients to be referred: family history of breast or ovarian
cancer, young onset cancer, male breast cancer, and multiple
tumours. The workgroup builtupon these general guidelines
and added specific information to make the guidelines easy
forreferring physicians to follow. Of note, the age threshold
for ‘young onset cancer’ was specified to be less than 40,
while ‘family history of breast or ovarian cancer’ was
further divided into ‘family history of breast and ovarian
cancer’ and ‘family history of 2 or more breast cancers,
with at least one diagnosed below age 50’ (adopted from
the 2014 NCCN guidelines). In addition, members added
a special note for clinicians to ask for a family history of
young onset pancreatic and prostate cancer (diagnosed
below age 50) in patients and/or families with breast cancer,
and to consider referring these patients/families to a cancer
genetics clinic for further evaluation (adopted fromthe 2014
NCCN guidelines). Recognising that patients with certain
histological subtypes of breast and ovarian cancer have up
to 10% to 20% chance of carrying a BRCA1/2 mutation,
patients with triple negative breast cancer diagnosed below
age 50 (adopted from the 2014 NCCN guidelines with age
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threshold added to increase the specificity for referral)'
and patients with epithelial ovarian cancer diagnosed at
any age (adopted from the 2012 ASCO guidelines), in
particular those with high-grade serous ovarian cancer,'
were included in the referral criteria for HBOC.

The concept of population-based screening for BRCAL/2
has been proposed recently.!® However, given the high
test cost that has to be borne by the patients as well as
our currently limited medical resources to handle pre-
and post-test genetic counselling and test interpretations
required from large scale genetic testing, all members of
the workgroup agreed not to include universal screening for
HBOC syndrome in the guidelines, recognising that genetic
testing administered without appropriate counselling may
result in misinterpretation and harm.!”

2. Lynch Syndrome (LS) or Hereditary Non-Polyposis
Colorectal Cancer

Colorectal cancer (CRC) is a major public health
problem, being the third most common cancer in men
and women.'® Tt is the second and third commonest cause
of cancer-related deaths in men and women respectively
and is largely preventable with recommended population
screening.'®!"” It is estimated that approximately 3% of
CRCs are attributable to LS.?*-*2 This autosomal dominant
genetic disorder is associated with greatly increased risks
of developing colorectal, endometrial, gastric and other
cancers.”>» Despite the increased risk of cancers seen in LS
patients, long-term follow-up studies show that compliance
with current surveillance recommendations is highly
successful. LS patients show no increase in cancer-related
mortality when compared to mutation-negative family
members on long-term follow-up.?* Unfortunately, unless
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Table 2. Singapore Cancer Network (SCAN) Guidelines for the Referral for Genetic Evaluation of Common Hereditary Cancer Syndromes

Suspected Hereditary
Cancer Syndrome

Patients Who Should be Referred for Cancer Genetic Risk Assessment Guidelines Adapted From

Hereditary Breast and
Ovarian Cancer Syndrome

Lynch Syndrome (LS)

Familial Adenomatosis
Polyposis (FAP)

. Personal or family history of breast cancer diagnosed <40 years of age;

. Personal or family history of male breast cancer, any age;

= Personal or family history of epithelial ovarian cancer, any age;

. Personal or family history of triple negative breast cancer diagnosed <50 years of
age

. Family with 2 or more breast cancers, at least one aged <50 years of age;

. Family with both breast and epithelial ovarian cancers;

. Two or more tumours in the same patient (bilateral breast cancer; multiple breast European Society for Medical
cancers; breast and ovarian cancer); Oncology (ESMO) Guidelines
*  Known BRCA1/2 mutation in family. An a priori >10% probability of finding Working Group (2011)

a mutation based on predictive models such as BRCAPRO, BOADICEA or
Manchester Score”

(Special note: BRCAL/2 mutation carriers are also at risk for pancreatic and prostate
cancer and clinicians should additionally ask for these cancers in taking the family
history. Physicians should consider referring families with breast cancer and young onset
pancreatic or prostate cancer diagnosed before age 50.)

Tumour microsatellite instability (MSI) and/or immunohistochemical (IHC) staining for
mismatch repair (MMR) proteins should be considered in:*
1. Patient with CRC diagnosed <50;
2. Patient with synchronous or metachronous CRC or other LS-related tumours,?
regardless of age;
3. Patient with CRC diagnosed <60 years of age with the MSI-H histology (presence of
tumour infiltrating lymphocytes, Crohn's-like lymphocytic reaction, mucinous/signet
ring differentiation, or medullary growth pattern);
4. Patient with CRC diagnosed at any age, and who has at least 1 first-degree relative
diagnosed with CRC or LS-related tumour diagnosed <50 years;
5. Patient with CRC at any age, and who has 2 or more first- or second-degree relatives  National Comprehensive
with CRC or LS-related tumour at any age. Cancer Network Guidelines
- Genetic/Familial High Risk
(Special note: If an MSI unstable tumour harbours the BRAF gene p.V600E mutation, itis ~ Assessment Colorectal (2014)
most likely sporadic and germ line testing for mismatch repair genes is not necessary.)

When referral for clinical germline testing for mismatch repair genes should be

considered:

1. Meets Amsterdam criteria’ or any of the above 5 listed criteria for tumour MSI or
THC testing for MMR proteins;

2. Endometrial cancer <50 years;

3. Known LS mutation in family;

(Special note: Consider testing individuals with >10% risk of LS on any mutation

model** (e.g., MMRpro, PREMM, MMRpredict)*

1. Patients with classic FAP (>100 adenomas) should be advised to pursue genetic
counselling and genetic testing, particularly if they have siblings or children who
could potentially benefit from predictive testing.

2.  Patients with classic FAP, in whom APC genetic testing is negative, should undergo
genetic testing for bi-allelic MYH mutations.

3. Patients with 10 — 100 adenomas can be considered for genetic testing for attenuated
FAP and if negative, for MY H-associated polyposis.

American College of
Gastroenterology - Medical
Specialty Society 2009

(Special note: It should be highlighted that the number of adenomas is the cumulative
number of adenomas seen in a patient’s lifetime.)

APC: Adenomatous polyposis coli; CRC: Colorectal cancer; MSI-H: Microsatellite instability (high)

“This assessment should be made by a trained cancer genetics specialist.

TAlternatively, patients fulfilling these criteria may be referred to a cancer genetics clinic for genetic evaluation and workup.

fLS-related cancers include cancers of the endometrium, stomach, pancreas, small intestine, ovary, kidney, brain, ureters, or bile duct.

SAmsterdam criteria: At least 3 family members affected with cancer, spanning 2 generations, with at least 1 affected family member diagnosed below age
50 years; the 3 affected family members have to be first-degree relatives of each other. In the Amsterdam I criteria, all 3 affected family members must have
colorectal cancer; in Amsterdam II criteria, the affected family members may have colorectal, uterine, small bowel, ureteric or renal pelvis cancer.
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there is strong clinical suspicion, many cases of LS are
missed.” Furthermore, standard population CRC screening
guidelines fail to provide early detection or prevention
for most LS colon cancers as they tend to occur at young
ages.”®> There is hence a clear need for better ways to
detect patients at risk of LS.

The challenge in diagnosing LS, in contrast to FAP, is that
itdoes not have pathognomonic clinical features of polyposis
that distinguish it from a sporadic cancer. Guidelines for
LS testing comprise one for screening of resected tumour
specimens and another that targets germline genetic
testing (usually blood) of at-risk individuals. Germline
genetic testing by sequencing with or without multiplex
ligation-dependent probe amplification is cost-effective in
individuals who are of sufficient risk.*

Unfortunately, a high proportion of patients are missed
when clinicians rely only on high risk clinical and/or
pathological features.?’* Indeed, the revised Bethesda
guidelines are now known to be inadequate for LS
screening when family cancer history is not available. A
universal screening paradigm greatly increased the rate of
LS detection,”” and the approach of universal screening for
mismatch repair defect (MMR), the hallmark feature in
LS,*2¢inall colorectal cancer specimens, with either tumour
microsatellite instability (MSI) testing with or without
BRAF testing, or immunohistochemistry (IHC) staining
of MMR proteins, has been proposed.”® For screening,
IHC is thought to be almost equally sensitive as MSI but
more readily available.* Either MSI and/or MMR IHC as
a screening tool to identify candidate LS cases for further
workup are available in both tertiary cancer centres (NCIS
and NCCS). However, while universal screening has been
shown to be cost-effective,?*? infrastructure comprising
trained medical staff, pathologists and workflows is
required for effective implementation.>*35 As such, there is
disagreement within the workgroup with regard to universal
screening, with 4 of 5 members voting not to include it in the
current SCAN guidelines, given the lack of clear data and
untested assumption in cost-effectiveness analysis studies
that multiple family members will be tested following the
identification of gene mutation in the proband in the local
context.

The guidelines for LS were divided into criteria for tumour
screening for MSI or IHC for MMR proteins, and criteria
forreferral for germline genetic testing. The 2013 American
College of Medical Genetics (ACMG) guidelines' and
the 2014 NCCN guidelines were adopted as the backbone
guidelines for tumour screening and germline genetic
testing respectively. Tumour screening guidelines were
largely based on the revised Bethesda criteria,*® and were
included as there are specialists who have access to tumour
screening and sufficient expertise to interpret results in at-
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risk individuals. However, the workgroup acknowledged
that not all physicians are willing or able to order tumour
screening tests, and added a special note that physicians
may refer patients who fulfill criteria for tumour screening
to a cancer genetics clinic for further workup, rather than
arrange tumour testing themselves.

3. Familial Adenomatous Polyposis (FAP)

Classic FAP with its carpeting of adenomatous polyps
throughout the colon and rectum is an easily recognisable
phenotype and should prompt clinicians to initiate
confirmatory genetic testing. More challenging would
be the recognition of attenuated FAP or MY H-associated
polyposis which has a less florid polyposis phenotype. The
workgroup felt that an addendum to existing guidelines
should be made to highlight that the number of adenomas
(10-100) that would trigger consideration for attenuated
FAP or MY H-associated polyposis refers to the cumulative
incidence of adenomas over a patient’s lifetime.

Pre-test Genetic Counselling and Test Interpretation
by Trained Specialists

All members in the committee agreed that genetic
counselling and informed consentis required before genetic
testing.’” In our local setting, this is provided by trained
specialists with the recognition that erroneous interpretation
of genetic tests results can cause harm.!” Moreover, many
primary care physicians may be unprepared or unable to
interpret genetic tests information.*

Conclusion

The systematic development of guidelines will be helpful
in the development of cancer genetics in Singapore.
Inevitably, the increasing availability of genetic testing
will allow greater opportunities for detecting patients
with inherited disorders, while also increasing risks
from indiscriminate utilisation. These adapted guidelines
constitute best practice recommendations on the evaluation
ofat-risk individuals based on consensus and experience of
trained clinical cancer geneticists familiar with the Singapore
setting and its unique healthcare system. These guidelines
also allow for dissemination of experience and education
in Singapore for improving referral and interpretation of
genetic tests results.

Of note, the workgroup eventually selected
recommendations from multiple source guidelines
developed by a variety of organisations, with additional
calibration based on local data and experience. This bears
testimony to the unique practice setting in Singapore, while
also indicating that no single international organisation's
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guidelines may be transplanted here as ideal practice.
There was general consensus in the selection of relevant
recommendations, with only one dissenting opinion in
the development of LS guidelines, suggesting that there
is a common view of how cancer genetics may be best
developed in Singapore.

In conclusion, we have developed best practice
recommendations surrounding referral for patients atrisk of
common hereditary cancer syndromes in Singapore. These
recommendations are aimed at improving the identification
and evaluation of such patients, and would be relevant to
all physicians involved in caring for patients who may have
or are at risk for cancer.
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