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ABSTRACT

Lynch syndrome priorly was known as hereditary non-polyposis colorectal cancer (HNPCC), is an autosomal dominant
hereditary disorder due to mutation in a mismatch repair (MMR) gene. Individuals with HNPCC are at increased risk
for synchronous and metachronous colorectal cancer (CRC). Most common hereditary colorectal carcinoma syndrome
(accounts for 2-5% of all colorectal carcinomas) along with 80% of patients develop colorectal carcinoma and also
increased risk of endometrial carcinoma (60%), ovarian carcinoma (10-15%) and other cancers including gastric,
ovarian, small bowel, urothelial (ureter, renal pelvis, and bladder), prostate, biliary tract, pancreatic, brain
(glioblastoma), cutaneous sebaceous neoplasms. Most colorectal cancers are sporadic, but inherited syndromes cause
5% to 10% of cases. Patients with Lynch syndrome tend to develop carcinomas at an earlier age than the general
population (average age: 44 years old). The lifetime risk for ovarian cancer in families with Lynch syndrome is ~8%,
which is lower than colorectal and endometrial cancers. Molecular profiles at the genetic level indicate that ovarian
cancer in Lynch syndrome has a more favorable prognosis than sporadic ovarian cancer. More than half of sporadic
ovarian cancers are diagnosed in stage Il or IV, but >80% of ovarian cancers in Lynch syndrome are diagnosed in stage
I or II. This article provides a framework for understanding the etiology of Lynch syndrome, including how to diagnose
patients effectively, differentiate somatic from germline causes and how to monitor based on molecular presentation.
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prostate, biliary tract, pancreatic, brain (glioblastoma),
cutaneous (sebaceous) neoplasms.38

INTRODUCTION

Patients with Lynch syndrome - an autosomal dominant

disorder, have a monoallelic germline mutation in one of Mutations in epithelial cellular adhesion molecule

these genes - mainly MSH2 and MLH1 and less frequently
MSH6 and PMS2.1:2 When the other allele is somatically
mutated, the two alleles are inactivated and normal
expression of the MMR protein is lost. This causes a
phenomenon referred to as microsatellite instability (MSI)
which are multiple tandem repeats of 1-6 nucleotides in
the genome that occur during DNA replication. In cells
without MMR proteins or with an aberrant MMR protein,
this repair is not usually performed and MSI develops due
to an accumulation of abnormal microsatellite repeats
leads to the development of various types of cancer,
including colorectal, endometrial, small intestinal, gastric,
ovarian, urothelial (ureter, renal pelvis, and bladder),

(EPCAM)/tumor associated calcium signal transducer 1
(TACSTD1) gene may result in MSH2 promoter
hypermethylation and subsequent inactivation of MSH2.
Rarely due to inactivation through germline promoter
hypermethylation of MLH1; differs from the somatic
MLH1 hypermethylation, which may be seen in sporadic
colon cancers.®

Rarely the result of inactivation of cell cycle checkpoint
kinase 2 (CHEK?2).

Lynch syndrome confers a 70 to 80% lifetime risk of
developing colorectal cancer (CRC). Compared to
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sporadic forms of colon cancer, Lynch syndrome occurs at
a younger age (mid 40s). Similar to familial adenomatous
polyposis, numerous extracolonic manifestations occur.
Nonmalignant disorders include café-au-lait spots,
sebaceous gland tumors, low-grade skin cancer, kerato-
acanthoma, can occur.

Ovarian cancer is a familial gynecological malignancy
with a poor prognosis and epidemiological risk of
development is 2-6 fold higher in females who have a first-
degree relative with ovarian cancer, suggesting a strong
link with their genetic background.'® Only 30% of cases
are diagnosed in stage | or Il and the majority of ovarian
cancer is diagnosed at an advanced stage. Hereditary
ovarian cancer may be classified into hereditary breast-
ovarian cancer syndrome (including site-specific ovarian
cancer and breast/ovarian cancer predisposition) and
Lynch syndrome, while other pathogenesis accounts for
<2% of hereditary ovarian cancer. Lynch syndrome
accounts for 10-15% of hereditary ovarian cancers.112

The lifetime cumulative risk of endometrial cancer for
women with Lynch syndrome is 40% to 60%, which
equals or exceeds their risk of colorectal cancer. A
combination of family and personal medical history and
tumor testing provides an efficient combination for
diagnosing Lynch syndrome in women with endometrial
cancer. Current gynecologic cancer screening guidelines
for women with Lynch syndrome include annual
endometrial sampling and transvaginal ultrasonography
beginning at the age of 30 to 35 years.*

DIAGNOSIS, RESULTS, INTERPRETATION

A definite diagnosis of Lynch syndrome can be made on
the fulfillment of Amsterdam criteria Il, the Revised
Bethesda Guidelines, high MSI, the abnormal
immunostaining of MMR proteins and confirmation of a
germline mutation of an MMR gene.

Laboratory

Histologic features of Lynch syndrome associated
carcinoma

MSI-H etiology includes - tumor infiltrating lymphocytes
and peritumoral lymphocytes, Crohn's-like lymphoid
reaction, mucinous features, medullary features, tumoral
heterogeneity and absence of dirty necrosis. Colonic
lesions are more likely to be proximal to the splenic
flexure. The precursor lesion is usually a single colonic
adenoma, unlike the multiple adenomas present in patients
with familial adenomatous polyposis, the other main
hereditary form of CRC.

Ovarian cancers in Lynch syndrome mostly have non-
serous histology and different properties from those of
sporadic ovarian cancers.

Endometrial tumors are of endometrioid histotype and
frequently arise in lower uterine segment. Associated with
tumor infiltrating lymphocytes and  peritumoral
lymphocytes and association with
dedifferentiated/undifferentiated histotypes. In the general
population non-endometrioid endometrial carcinoma is
typically diagnosed in older women, with a mean age of
65 to 68 years. Lynch syndrome patients mean age of
endometrial cancer diagnosis in the Lynch syndrome
group overall (46.8 vyears). Interestingly, the non-
endometrioid tumors occurred in patients with hMSH2
mutations. Almost 25% of the patients with Lynch
syndrome had pathologic findings for which adjuvant
radiation or chemotherapy would be indicated.

Germline testing for mutations can be performed.
Microsatellite Instability testing of tumor specimens via
PCR is widely utilized; this typically consists of a panel of
5 mono / dinucleotide repeats which are analyzed, and a
shift in PCR product size of tumor versus normal indicates
instability; designation of MSI-H requires instability in at
least 30% of examined loci.

Immunohistochemical testing panel for 4 MMR proteins
(MLH1, MSH2, PMS2, MSHS6) is widely utilized. BRAF
V600E mutation analysis may be performed on cases with
loss of MLH1 and PMS2 IHC staining: if mutation is
present, then Lynch syndrome is virtually excluded.
MLH1 gene promoter hypermethylation may be utilized to
determine sporadic versus Lynch syndrome related colon
cancers. Syndromic cancers have better survival than non-
syndromic.

DISCUSSION

In the last 25 years since the discovery of microsatellite
instability (MSI) and the first recognition of germline
mismatch repair (MMR) gene variants as the etiologic
basis of Lynch syndrome, there has been tremendous
progress in the understanding of the spectrum of cancer
risk associated with Lynch syndrome as well as in cancer
prevention and risk-reduction strategies. The past few
years, have brought transformative changes in the
treatment of Lynch syndrome-associated cancers with
immune checkpoint inhibitors. Advances in next-
generation sequencing (NGS) technologies now allow
rapid and scalable somatic and germline sequencing that
promises to help identify Lynch syndrome in individuals
who otherwise lack classic phenotypes. Last, real progress
is being made to understand more sophisticated methods
of precision cancer prevention, including
chemotherapeutic prevention agents (e.g., aspirin) and
strategies that leverage the immune system to facilitate
primary cancer prevention in otherwise-healthy Lynch
syndrome carriers.

Lynch syndrome tumor screening programs are available
however protocols vary widely. The current algorithm of
making the diagnosis of Lynch syndrome involves
meeting the criteria laid out in the Bethesda guidelines.
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Conversely others advocate the routine screening of CRC
pathology specimens for MSI and immunohistochemical
expression of MMR. This approach has been shown to
have a better rate of identifying mutation carriers as
compared to relying solely on the Bethesda guidelines.
EGAPP working group have advocated Lynch syndrome
screening on all newly diagnosed CRC patients for the
benefit of identifying at-risk relatives. Recently, the
revised guidelines for the clinical management of Lynch
syndrome recommended that all CRC (<70 years) and all
endometrial cancers (<70 years) should be tested by
immunohistochemistry or MSI for the identification of
patients potentially with Lynch syndrome. The
phenomenon of MSI-H, which is a hallmark of Lynch-
associated cancers, results in the accumulation of frame
shift mutations at known microsatellite loci scattered
throughout the coding and noncoding regions of the tumor
genome. The predictable nature of such frameshift
mutations and their associated neopeptides has led to great
interest in the notion of leveraging immune-based
methods, such as vaccines, for primary prevention of
Lynch syndrome-associated cancers. Curiously, data have
shown that healthy, cancer-free individuals with Lynch
syndrome harbor circulating T cells that are reactive to
such MSI-induced frame shift neopeptides, although they
have never had detectable cancer; this strongly suggests
that innate immunosurveillance mechanisms already play
a role in suppressing MSl-induced carcinogenesis in such
individuals. Non-neoplastic colonic crypts from healthy
Lynch syndrome carriers have been shown to demonstrate
MMR-D by IHC and MSI-H by PCR, which leads to the
intriguing hypothesis that the healthy colon of patients
with Lynch syndrome is itself a key source of
immunogenic frameshift neopeptides that serve to
autovaccinate such patients and suppress MSI-induced
carcinogenesis. A more precise understanding of the
mechanisms by which Lynch syndrome— associated
carcinogenesis escapes immune surveillance will be key to
help leverage such discoveries into immune-based cancer
prevention.

Recommended management for at-risk members of
families with Lynch syndrome.

Screening colonoscopy every 1-2 years beginning at age
20-25 years (age 30 years in MSH6 families), or 10 years
younger than the youngest age at diagnosis in the family,
whichever comes first. At colonoscopic screening, patients
have a similar rate of adenomas as non-syndrome patients
but much higher incidence of carcinoma. Endometrial
sampling Every year beginning at age 30-35 years.

Transvaginal ultrasound for endometrial done every year
beginning at age 30-35 years and ovarian cancer urinalysis
with cytology every 1-2 years beginning at age 25-35
years history and examination with detailed review of
systems, education, and counseling regarding Lynch
syndrome every year beginning at age 21 years colorectal
resection. For persons with a diagnosed cancer or polyp

not resectable by colonoscopy, subtotal colectomy favored
with preferences of well-informed patient activity elicited.

Hysterectomy or oophorectomy discuss as an option after
childbearing.

Universal testing of all colorectal and endometrial cancers
with MMR protein IHC (or PCR-based MSI analysis) is
recommended as a screen for Lynch syndrome.

The use of NGS may revolutionize the diagnosis of Lynch
syndrome, both by facilitating NGS-based assessment of
tumor specimens to screen for MSI and through the
growing availability of NGS-based multigene panels for
direct germline testing.

Treatment of advanced/metastatic Lynch-associated
cancers (and non-Lynch cancers with MSI) with anti—PD-
1 monoclonal antibodies (pembrolizumab or nivolumab)
yields 70% or greater disease control rates, many of which
are quite durable.

Aspirin (600 mg/day) for 2 or more years reduces the risk
of Lynch-associated colorectal cancer by greater than 50%
and may reduce the risk of other Lynch associated cancers.

Individuals with Lynch syndrome may experience auto-
vaccination against microsatellite instability—induced
frame shift in peptides that serve as innate
immunosurveillance, which suggests that immune based
mechanisms for primary cancer prevention are promising
as an avenue of future research.'4-2

Guidelines to reduce the risk of malignancy, leading to a
better prognosis for patients with HNPCC

Select recommended interventions based on the
pathophysiology of Lynch syndrome.

Improve recognition of the various presentations of Lynch
syndrome.

Identify both the prophylactic & post-diagnostic treatment
options for Lynch syndrome.

Implement multidisciplinary care coordination using
current practice guidelines for

Lynch syndrome to optimize patient outcomes.

Prospective data with long-term follow-up have
demonstrated that frequent and early colonoscopic
evaluation of healthy individuals with Lynch syndrome
can significantly reduce colorectal cancer incidence,
colorectal cancer—associated mortality, and overall
mortality, thereby solidifying such screening as the core
preventive intervention in Lynch syndrome.

The phenomenon of MSI-H, which is a hallmark of Lynch-
associated cancers, results in the accumulation of
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frameshift mutations at known microsatellite loci scattered
throughout the coding and noncoding regions of the tumor
genome. The predictable nature of such frameshift
mutations and their associated neopeptides has led to
leveraging immune-based methods, such as vaccines, for
primary prevention of Lynch syndrome-associated
cancers. Curiously, data have shown that healthy, cancer-
free individuals with Lynch syndrome harbor circulating T
cells that are reactive to such MSI-induced frameshift
neopeptides, although they have never had a detectable
cancer; this  strongly  suggests that innate
immunosurveillance mechanisms already play a role in
suppressing  MSI-induced carcinogenesis in  such
individuals. Nonneoplastic colonic crypts from healthy
Lynch syndrome carriers have been shown to demonstrate
MMR-D by IHC and MSI-H by PCR, which leads to the
intriguing hypothesis that the healthy colon of patients
with Lynch syndrome is itself a key source of
immunogenic frameshift neopeptides that serve to
autovaccinate such patients and suppress MSI-induced
carcinogenesis. A more precise understanding of the
mechanisms by which Lynch syndrome-associated
carcinogenesis escapes immune surveillance will be key to
help leverage such discoveries into immune-based cancer
prevention.

Guidelines for MLH1, MSH2, MSH6, PMS2 and
EPCAM mutation carriers

Colon

Colonoscopy begins at age 20 to 25 and repeats every 1 to
2 years, or 5 years younger than the youngest person
diagnosed (although the risk may vary depending on
germline variant).

Colectomy if colon cancer is diagnosed or if an advanced
adenoma is found that cannot be otherwise removed. The
preferred treatment remains colectomy with ileorectal
anastomosis. Segmental colectomy may be considered in
older or select patients. Follow-up surveillance with
colonoscopic examination is suggested every 1 to 2 years
postoperatively.

Colectomy can be considered if surveillance measures
cannot be followed.

Endometrium, uterus, and ovaries

A pelvic exam, transvaginal ultrasound, endometrial
sampling, and CA-125 yearly from age 30.

Abnormal uterine or vaginal bleeding warrants immediate
evaluation.

Hysterectomy with bilateral salpingo-oophorectomy
following completion of  childbearing (this
recommendation may be variant-dependent).

Extracolonic  Lynch-syndrome-associated cancers -
NCCN has no screening guidelines for Lynch syndrome-
associated malignancies.??

Recommendations depend on a family history of a
specific cancers

Upper endoscopy (esophagogastroduodenoscopy) with
extended duodenoscopy every 1 to 3 years beginning at
age 30 to 35 years in select individuals or families or those
of Asian descent. Consider testing and treating for H.
pylori. Computed tomography (CT) enterography or
capsule endoscopy every 2 to 3 years to assess for small
bowel cancer.

Urinalysis at 30 to 35. The optimal age to begin screening
for urinary tract cancers has not been determined, but the
risk of developing such types of cancer before age 30 years
is quite low. Smoking increases the risk.

Consider endoscopic retrograde cholangiopancrea-
tography (ERCP), endoscopic ultrasound, or other
diagnostics concerning pancreatic malignancy. Screening
for prostate cancer in MSH2 and MSHG6 variants.
Screening for urothelial cancer in men, those with a family
history of transitional cell. Urinary tract malignancies, and
those with an MSH2 variant. Screening for breast cancer
based on personal and family history and general
recommendations.?®

A list of differential diagnoses should be kept in mind or
to be ruled out during the workup of malignancies
associated with Lynch syndrome include Attenuated
familial adenomatous polyposis, Cowden disease,
Cronkite-Canada syndrome, familial adenomatous
polyposis, familial clustering of late-onset colorectal
neoplasms, hyperplastic polyps, juvenile polyposis
syndrome, lymphomatous  polyposis,  Muir-Torre
syndrome, nodular lymphoid hyperplasia, sporadic colon
cancer, Turcot syndrome, and urothelial cancer (smoking-
related).?

Patients with Lynch syndrome present at earlier ages than
cohorts with somatic malignancies. The tissue of younger
persons with colonic and extracolonic malignancies should
be tested for heritable mutations. The discovery of high
MSI and mismatch repair dysfunction should be followed
by germline mutation testing and genetic counseling.
Distinguishing between somatic and germline mutations is
important. Generally, patients with heritable mutations are
younger, whereas those with somatic mutations present at
an older age. If, for example, testing reveals the absence of
MLH1 and PMS2, think promoter methylation (especially
with colorectal and endometrial cancers in women and
older patients); rule out this cause before germline testing.
However, some genetic mutations demonstrate an
incomplete penetrance or variable presence in
microsatellite analysis; if suspicion remains high, consider
referral for DNA testing without PCR or IHC findings. The
immunogenic properties of Lynch syndrome tumors are
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used to devise target therapy to upregulate the immune
response. Most metastatic cancers are tested for mutations
to guide directed therapy.

Prognosis

The overall reduction in life expectancy in patients with
Lynch syndrome is primarily due to the increased
incidence of cancer, especially colon cancer, and its
appearance at an earlier age.

The 10-year overall survival from colorectal cancer in
patients with Lynch syndrome remains high at 70% for
recto-sigmoid malignancies and 88% for colon cancer.
Improved colorectal cancer surveillance increases survival
further.

A more aggressive surgical approach to colonic resection
(total colectomy vs hemicolectomy) is also associated with
improved cancer-free survival. The estimated risk of a
second colorectal cancer after a segmental colonic
resection in patients with Lynch syndrome has been
estimated at 16% over 10 years, 41% by 20 years, and 62%
at 30 years.

Lynch syndrome was mainly caused by germline variants
in the MSH6 and PMS2 genes. Patients with Lynch
syndrome-associated endometrial carcinoma showed a
trend towards better recurrence free survival and higher
risk for second primary cancers compared with patients
with  endometrial carcinoma caused by MLH1
hypermethylation. Besides a prognostic impact, screening
all incident endometrial carcinoma without an upper age
limit to identify Lynch Syndrome using tumor-based triage
may benefit counselling, affect treatment decisions, and
facilitate prevention strategies for current and future
patients and their families.?’-32

CONCLUSION

Despite the imperfections of current genetic testing,
clinical judgment should dictate management plans and at
risk patients should be enrolled in regular CRC
surveillance programs. Patients who have a confirmed
MMR gene mutation should undergo colonoscopy every
1-2 years beginning at the age of 20-25, or 10 years before
the earliest age of onset in the family. There has been a
steady increase in Lynch syndrome tumor screening
programs since 2000 and institutions are rapidly adopting
a universal screening approach. It is time to standardize
institutional high-risk/hereditary CRC clinics.
International  guidelines  should  determine  the
requirements and quality standards for establishing these
clinics.

The identification and management of individuals and
families with Lynch syndrome has evolved rapidly during
the past decade or so. Advances in molecular testing and
NGS technologies now allow all patients with colorectal
and endometrial cancers to reliably receive screening for

underlying Lynch syndrome, whereas innovations in
immuno-oncology promise to continue revolutionizing the
treatment of Lynch-associated cancers. To continue
moving the needle forward, expanded efforts to diagnose
Lynch syndrome in healthy, cancer-free individuals are
needed, rather than relying on the identification of Lynch
syndrome through a new cancer diagnosis. Identification
of Lynch syndrome offers the potential to prevent cancer-
related morbidity and mortality, and continued progress in
understanding the immune system’s ability to recognize,
eradicate, and intercept Lynch-associated neoplasia offers
many intriguing possibilities for immune based primary
cancer prevention.

Ovarian cancer in Lynch syndrome has different properties
from those of sporadic ovarian cancer and hereditary
breast-ovarian cancer syndrome, which are other forms of
hereditary ovarian cancer. The absence of p53 and
KRAS/BRAF mutations in ovarian cancer in Lynch
syndrome is similar to the hereditary features of colorectal
cancer in Lynch syndrome. Anti-epidermal growth factor
antibodies may have efficacy for this form of colorectal
cancer and may also be useful for ovarian cancer in Lynch
syndrome. Cases with PIK3CA mutations may be treated
effectively using mTOR inhibitors. Further clinical studies
and investigation of the genetics of ovarian cancer in
Lynch syndrome are required to improve risk assessment,
screening and development of novel drugs for this disease.
Patients with Lynch syndrome and carriers require lifelong
surveillance and genetic counseling. Professionals must
remain engaged and updated on recommendations for
screening and treatment as guidelines change to reflect
current research and available targeted therapy.

Further research is needed to determine the efficacy of
screening methods compared with prophylactic surgery for
the reduction of endometrial cancer morbidity and
mortality in women with Lynch syndrome, to identify
possible chemoprevention strategies and to assess the
effect of prophylactic surgery on survival and gynecologic
cancer-related deaths. General recommendation that
individuals diagnosed with Lynch syndrome be counseled
by their health care providers to follow the current
screening recommendations and be offered the choice of
prophylactic surgery.
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