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Abstract

reduction of the cancer burden in India.

Lynch syndrome, is one of the most common hereditary colorectal cancer predisposition conditions, is characterised by
an increased risk to a spectrum of cancers, primarily colorectal and endometrial cancers. We highlight the urgent need to
diagnose, explain diagnostic methodologies and several cancer risks reducing interventions in these patients and their rela-
tives. We highlight the role of aspirin as a potent chemo preventive agent in Lynch syndrome patients and discuss patient
groups where the dose and duration of the intervention may require personalisation. With new genetic technologies on the
horizon, early detection of these patients coupled with targeted chemo preventive intervention could potentially lead to the

Keywords: Lynch syndrome, colorectal cancer, aspirin, chemoprevention
Conflict of Interest: The authors declare no conflict of interest.
Source of Support: HS is funded by the Gujarat State Biotechnology Mission grant (667020).

Introduction
“He is a better physician that keeps diseases off us, than
he that cures them being on us; prevention is so much bet-

ter than healing because it saves the labour of being sick” —
Thomas Adams, 1618

Cancer arising within the colon and rectum is called
colorectal cancer (CRC). It is one of the most frequent
cancers in the developed world, with a global inci-
dence of about 1.9 million people every year.!" In India,
the incidence rate is estimated to be approximately 1
per 25,000 people in the population, which makes it
one of the top 5 common cancers.?

A small proportion of monogenic syndromes ac-
count for ~3-5% of CRCs observed in the clinics.?
Traditionally, the remainder is divided into “familial”
and “sporadic”. This is a false dichotomy as some of

the familial cases are simply coincidental occurrence,
while many of the isolated cases have a genetic predis-
position, usually triggered by a combination of envi-
ronmental and stochastic/ chance factors.! Those with
an affected first-degree relative will be more likely on
average to have a bigger genetic contribution, reflect-
ed in an even greater chance of a further relative be-
ing affected.

The identified genetic risk factors lie between the
two extremes- rare mutations that substantially in-
crease the risk of cancer and common mutations that
confer individually small effects.’! To date, 14 genes
implicated in hereditary CRC syndromes have been
identified, of which, 5 genes- MLH1, MSH2, MSHS6,
PMS2 and EPCAM have been implicated in Lynch syn-
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drome (LS), formerly known as hereditary non-polypo-
sis colorectal cancer.! Here, we give a brief overview of
screening, diagnostics and cancer prevention strategies
for LS. We also emphasize the importance of diagnos-
ing LS patients in order to reduce the cancer burden.

What is Lynch Syndrome?

LS is characterised by predisposition to a wide vari-
ety of gastrointestinal and genitourinary tumours- col-
orectum, endometrium, stomach, small bowel, ovary,
gallbladder, hepatobiliary, pancreas, urinary tract, kid-
ney, brain, prostate and sebaceous skin lesions. LS tu-
mours often arise in young people (<50 years of age)
and several factors affect an individual cancer risk- sex,
age, the affected gene, family history of cancer and BML

The risk of cancer is highest with mutations in
MLH1 and MSH2 genes and relatively lower (and
with later age of onset) in patients with mutations in
MSH6 and PMS2 genes (Table 1) .. Systematic testing
of CRCs suggests that LS is a cause of CRC in ~1 in 30
patients. The World Health Organisation estimates the
prevalence of LS in the general population to be ~1 in
125, thereby making it one of the most common genet-
ic diseases in the world. P!

With such high prevalence and availability of risk
reducing chemo preventive interventions, detecting LS
patients and their family members is of utmost priority.

How to Diagnose a Patient with Lynch Syndrome?
Several international guidelines recommend a

Table 1: Relative cumulative incidence of cancer by 75 years of age in
Lynch syndrome carriers stratified by mutations in mismatch repair

genes. Data adapted from ®

3-step molecular diagnostic pathology pathway to-

wards LS diagnosis.***”] They are primarily centred

around CRC patients, as CRC is the most common tu-
mour detected in LS patients (Figure 1). These 3 steps
are as follows:

1. Microsatellite instability testing in tumour biop-
sy: LS results due to a defect DNA mismatch re-
pair (MMR) mechanism.®? Defective MMR in a tu-
mour prevents recognition and repair of addition
and deletion of bases within repetitive regions in
the DNA that naturally occur when DNA is making
a copy of itself (i.e. replication). Repetitive regions
of the DNA are known as microsatellite and come
in different varieties based on their composition i.e.
mononucleotide repeats (eg. AAAAAAA....) and
dinucleotide repeats (eg. CACACACA....). The ad-
dition or deletion of the base within these repeats
is known as microsatellite instability (MSI).[* MSI
can either be detected by a technique called poly-
merase chain reaction (PCR) followed by fragment
length analysis (FLA) that detects addition/ deletion
of bases in microsatellite regions or by immunohis-
tochemistry (IHC) of MMR proteins.” PCR-FLA is
observed to have superior sensitivity and specific-
ity compared to IHC, hence is preferably used in
CRC patients.” MSI is observed in ~1 in 6 CRC pa-
tients; these patients are likely to be LS as their tu-
mour suggests a defect in MMR pathway. ¥¥!

2. BRAF V600E / MLH1 hypermethylation testing in

tumour biopsy: Somatic p.V600E mutation in the
BRAF gene occur in at least 85% of sporad-
ic CRCs with MSI, but not in those with LS;
thus presence of such mutations are highly

predictive of tumours being of sporadic or-

Anatomical Population Relative cumulative incidence,
region incidence by affected gene (95% CI) igin and not due to LS.>”! Alternatively, de-
tection of MLH1 gene promoter hypermeth-
ylation in tumour also provides good evi-
MLH1 MSH?2 MSH6 | PMS2 . .5 . .

dence that the tumour is sporadic in origin.
However, due to the higher sensitivity and
Gynaecological 2.6% 19.1 25.3 208 101 | specificity of BRAF V60OE testing, its use is

(156227) | (20.1304) | 33-282)| (03-200)| preferred.b]
3. Germline gene panel testing in DNA
Colorectal 3.8% 121 11.3 3.9 0 from whole blood: In patients who have MSI
(10.0-142) | (87-13.9) | 09-7.0) and BRAF V600E/ MLH1 hypermethylation
negative tumour, LS can be definitively di-
agnosed by constitutional MMR gene testing
Upper 1.9% 11.2 54 3.5 0 by next-generation sequencing (NGS) tech-
gastrointestinal (8.2-143) | (21-86) | 0.0-78) nology to identify the causative constitution-
al mutation. In cases with very young-on-
Urinary tract 2.3% 35 10.8 48 0 set cancers (eg. <35 years of age), LS is likely
(1.9-51) | (7.2-14.4) | 0.7-8.8) even in the absence of family history, there-
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Figure 1: Molecular diagnostic pathway for Lynch syndrome detection in colorectal cancer patients

fore, over-reliance on family history could lead to
poor diagnostic uptake.P! It is often useful to have
samples from more than 1 family member because
a segregation study may be required to determine
the pathogenicity of the detected mutation.

A recent analysis by the UK’s National Institute
of Health Research suggests universal deployment of
this pathway across all CRC patients, regardless of age,
gender and family history, is cost-effective in order to
diagnose LS patients and subsequently reduce cancer
burden."” This pathway though primarily designed for
CRC patients is currently being optimised to be used
in other cancers, for example, endometrial cancer (EC).
Like CRC, ~3% of EC tumours arise due to LS although
the diagnostic pathway only involves 2 steps- IHC of
MMR proteins followed by germline gene panel test-
ing in patients with one or more absence of MMR pro-
teins in the tumour. " Furthermore, new NGS based
MSI and BRAF V600E detection technologies are being
introduced in the clinical setting to improve through-
put and reduce per-sample costs, thereby improving
detection of LS. I

Can Cancer Risk be Reduced in Lynch Syndrome

Patients?

Currently, three main prevention strategies are be-
ing advised worldwide: lifestyle modifications, ear-
ly detection of pre-neoplastic and neoplastic lesions
by surveillance and regular use of aspirin.”! Cigarette
smoking increased body mass index, consumption of

alcohol and red meat is associated with an increased
risk of cancer in LS patients. In contrast, colonoscop-
ic surveillance and regular aspirin use are associated
with reduced cancer risk.

The latest guidelines by the European Tumour
Hereditary Group and the European Society of
Coloproctology suggest the utilisation of regular colo-
noscopic surveillance in order to reduce cancer inci-
dence and mortality.® Particularly, they recommend
2-3 yearly colonoscopic interval in patients with muta-
tions in MLH1, MSH2 and MSH6 genes; and 5 yearly
colonoscopic interval in patients with mutations in the
PMS2 gene. Even for patients with prior CRC history
and subtotal colectomy, biennial colonoscopies could
be performed. Ideally, it is recommended that surveil-
lance colonoscopies should be initiated at the age of
25 years for MLH1 and MSH?2 carriers and 35 years for
MSH6 and PMS?2 carriers.

UK’s National Institute of Health and Care
Excellence and USA’s the United States Preventative
Services Task Force now recommends a daily intake of
75-100mg of aspirin in LS patients to reduce cancer risk
by upto 50%."*! These recommendations are based
on the outcome of a recent randomised controlled tri-
al (called CAPP2) that showed 600mg aspirin daily for
2-4 years was well tolerated and reduced CRC inci-
dence by 50%, a benefit that began at 5 years follow-
ing treatment initiation and persisted into the second
decade. For an average bodyweight above 70kg, a
higher dose than currently in clinical use for other in-
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dications may be required. Another trial called CAPP3
is currently being carried out in LS patients in order
to determine the optimal dose and duration of aspirin
treatment (www.capp3.org), results of which are antic-
ipated to arrive in 2024.

What is the Current Status of Lynch Syndrome

Detection in India?

Universal MSI and LS testing in all CRC patients
across all cancer care facilities in India is not being car-
ried out currently. However, some centres have in-
troduced reflex testing in order to improve LS detec-
tion and cancer prevention. Indeed, the authors are
currently running a government-funded prospective
study to systematically assess the prevalence of MSI,
BRAF V600E and LS in CRC patients in India. The re-
sults of the study are anticipated to be published by
2022 following which the authors would be conduct-
ing a cost-effectiveness analysis to assess the econom-
ic viability and utility of these molecular genetic tech-
nologies in a routine clinical oncology setting in India.

Conclusion

LS is one of the most common hereditary cancer
predisposition syndromes and its diagnostic modal-
ities involve 3-step serial genetic tests. Universal de-
ployment of genetic testing for MSI and LS status in
all CRC patients, regardless of age, sex or family histo-
ry, is recommended in order to improve the diagnosis
of LS. With low-cost cancer prevention interventions
now available, detection of LS patients and subsequent
cancer prevention is the need of the hour to reduce the
cancer burden in India.
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