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Retrospective Study

Polyposis in lynch syndrome: A retrospective study

Nadeen Sarsour, Eve Karloski, Beth Dudley, Shikhar Uttam, Brenda Diergaarde,
Randall E Brand

Abstract

BACKGROUND

National Comprehensive Cancer Network guidelines recommend patients with > 10
lifetime adenomas undergo genetic evaluation for polyposis syndromes. Lynch
syndrome (LS) has not historically been considered a polyposis syndrome. We utilized
our hereditary gastrointestinal tumor registry to determine the number of lifetime
adenomas in LS patients, and to assess differences in demographic and clinical factors

between those with < 10 adenomas and those with = 10.

AIM
To describe a cohort of patients with LS who have developed polyposis that may be

used to improve endoscopic surveillance guidelines in this population.

METHODS

Medical records from LS patients enrolled in our registry since 2005 (n = 260) were
reviewed for colonoscopy outcomes, colorectal cancer diagnoses, and other clinical
factors. Groups of interest were compared using Fisher’s exact test and Wilcoxon-

Mann-Whitney test.
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RESULTS

Three patients were excluded, leaving 257 individuals for data analysis. Most patients
were female and white. Mean follow-up time was 6.8 years. Eleven (4.3%) patients had
> 10 adenomas. Number of colonoscopies and follow-up time were significantly higher
in the > 10 group compared to those diagnosed with < 10 adenomas. For assessment of
differences between the two groups, we limited our analysis to include those with > 6
Lifetime colonoscopies (n = 92). No significant differences in tahe evaluated
characteristics were observed between those with > 10 adenomas and those with < 10
adenomas. Interestingly, MSH6 and MSH?2 were the most common affected genes in the
> 10 group, accounting for 45.5% each, together representing 90.9% (10/11) of the
polyposis cohort.; compared to 24.7% and 35.8%, respectively, in the <10 group.

CONCLUSION
Polyposis occurs in LS; possibly, more frequently among those with MSH6 or MSH2

pathogenic variants. LS should be included as a differential for attenuated polyposis.

- o INTRODUCTION

Lynch syndrome (LS) is the most common cause of inherited colorectal cancer (CRC)
and is responsible for 3% of all CRC cases in the United States. It is an autosomal
dominant condition defined by the presence of a germline pathogenic variant (PV) in a
DNA mismatch repair gene (MLH1, MSH2, MSH6, and PMS2) or a deletion that
involves the 3’ end of EPCAM[1-3]. LS was previously known as hereditary
nonpolyposis colorectal cancer (HNPCC) due to the relatively low number of adenomas
found in these patients, and historical diagnosis criteria for LS, the Amsterdam I and II
criteria, required the exclusion of familial adenomatous polyposis[4]. Since the term
HNPCC was applied based on clinical diagnostic criteria, this nomenclature has been
replaced by LS for families who have a germline PV identified through genetic
testing[5,6].
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In recent years, reports of individuals with LS who have more than 10 lifetime
adenomas have emerged challenging the prior label of “hereditary non polyposis
colorectal cancer”. Kalady et al[7] found 4% of patients with LS had > 10 lifetime
adenomas. Jain et al[8] reported multiple colorectal adenomas in patients with LS and
concluded that regardless of genotype, multiple colorectal adenomas is a high-risk
phenotype for the development of CRC among those with LS. Roberts et al[9] described
a cohort with a higher proportion (16.8%) of LS patients with = 10 adenomatous polyps
as compared to previous studies. Together, these findings challenge the existing notion
that all patients with LS only develop a few or no polyps in their lifetime.

Although additional mechanisms of CRC development may be at play for individuals
with LS, a higher polyp burden could in theory result in a higher CRC risk.
Determining factors associated with polyp formation in the subset of patients with
polyposis may provide valuable information when determining appropriate risk
management, including colonoscopy surveillance intervals.

In this study, we utilized colonoscopy and pathology records from patients with LS
included in our hereditary colorectal and associated tumor study to determine how
many patients developed = 10 lifetime adenomatous polyps and to describe
characteristics of those patients to better understand factors associated with a polyposis

phenotype in patients with LS.

MATERIALS AND METHODS

Study design

This is a single site retrospective study of number of lifetime adenomas in LS patients.
The study was conducted at the University of Pittsburgh Medical Center through the
Department of Gastroenterology and Hepatology, specifically within the Hereditary
gastrointestinal Tumor Program. Patients with LS due to a known germline PV in
MLH1, MSH?2, MSH6, PMS2, or a deletion in EPCAM who were enrolled into our
Hereditary Colorectal and Associated Tumor Study (IRBSTUDY19050027) between

; gmssref Page 6 of 11 - Integrity Submission Submission ID  trn:oid:::3117:583951790

,,,,,,,,



9 Crossref Page 7 of 11 - Integrity Submission Submission ID  trn:oid:::3117:583951790
Si Check g g y
imilarty Ched

January 1, 2005, and December 31, 2022, were identified. Patients were included in the
analyses if they had at least one colonoscopy.

Information was gathered via chart review of the electronic medical record (via EPIC,
PowerChart, Care Everywhere, and outside scanned reports from other hospitals).
Colonoscopy data in the past and during the study period were abstracted from
individual colonoscopy and pathology reports. We collected data on the following
variables: Date of colonoscopy, age at the time of colonoscopy, number of polyps
identified, size of polyp, location of polyp, and histologic type of polyp [hyperplastic
polyp, sessile serrated adenoma (SSA), tubular adenoma (TA), tubulovillous adenoma
(TVA), or adenocarcinoma]. We chose to include SSAs in our total polyp count as we
intended to include all polyps with malignant potential. Hyperplastic polyps were not
included in polyp count. Additionally, demographic data, other relevant medical
history, including personal and family history of CRC, and follow-up/survival data
were abstracted. For this study, the term “adenoma” refers to SSA, TA, TVA, and

adenocarcinoma. Polyposis was defined as > 10 lifetime adenomas.

Statistical analysis

A descriptive analysis was performed to highlight demographic and clinical
- ° characteristics of the patients in the cohort. Reported are frequency and percentage for
- a categorical variables, and mean + SD and range for continuous variables. We compared
- e groups of interest using Fisher’s exact test and Wilcoxon-Mann-Whitney test. P values <

0.05 were considered significant. Statistical analyses were performed using SAS®

(version 9.4, SAS Institute Inc., Cary, NC, United States).

RESULTS

Cohort characteristics

Of ‘the 260 LS patients in the hereditary colorectal and associated tumor study, 3
- o patients were excluded due to lack of colonoscopies. Characteristics of the remaining

257 patients are provided in Table 1. The majority of the patients were female (65.4%)
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and white (34.6%). Forty patients (15.6%) were smokers at the time of enrollment. Most
reported having a first- and/or second-degree with CRC, and the most common
causative gene in our overall study cohort was in MSH2 followed by MSH6 (35.0% and
24.9%, respectively). Eighty-eight (34.2%) patients had a diagnosis of CRC; 84 prior to
enrollment in our study and 4 post enrollment. The number of colonoscopies ranged
from 1 to 23 (mean: 4.7), and number of adenomas detected ranged from 0 to 44 (mean
2.4). Mean follow-up time was 6.8 years. Eleven (4.3%) of the patients had been

diagnosed with > 10 adenomas.

Characteristics of those with 2 10 adenomas

Detailed characteristics of the 11 patients with > 10 adenomas are provided in Table 2.
Five patients had a CRC diagnosis. Patient 1 was diagnosed with CRC at age 50
prompting a total colectomy. He had 44 lifetime adenomas that occurred prior to this
surgery with no further adenomas detected following colectomy. Patient 2 had 34 TAs
found on screening colonoscopies following a CRC diagnosis and surgery. Not all
records prior to her enrollment in the hereditary colorectal and associated tumor study
could not be obtained but at minimum this patient had 39 total lifetime adenomas.
Patient 6 had a total of eight TAs found on colonoscopies prior to his diagnosis of
adenocarcinoma. However, the colonoscopy one year prior to diagnosis of CRC was
normal. The cancer was completely removed through polypectomy, so the patient did
not have surgery. One year following this colonoscopy he was found to have two Imm
TAs and two additional TAs discovered on subsequent annual colonoscopies. Patient 10
was found to have four TAs and an adenocarcinoma on initial screening colonoscopy.
He had a proctectomy at this time. During subsequent colonoscopies he was found to
have five additional TAs. Patient 11 was found to have two TAs and an
adenocarcinoma during colonoscopy. He underwent a transverse colectomy and had

seven additional TAs found on subsequent colonoscopies.

Comparison of individuals with < 10 adenomas and 2 10 adenomas
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- ° Number of colonoscopies and follow-up time were significantly higher in the > 10
group compared to those diagnosed with < 10 adenomas (P < 0.0001 and P = 0.0003,
respectively). Among those diagnosed with > 10 adenomas, the minimum number of
colonoscopies was 6 and the minimum time followed was 4.8 years. Therefore, we
limited our < 10 adenomas cohort to those with > 6 lifetime colonoscopies for
assessment of differences. This resulted in a dataset with 92 patients: 11 with > 10
adenomas and 81 with < 10 adenomas. Except for higher numbers of colonoscopies and

- ° number of adenomas detected (P = 0.01 and P < 0.0001), no significant differences in the
evaluated characteristics were observed between those with > 10 adenomas and those

with <10 adenomas|(Table 3).

DISCUSSION
LS has traditionally been defined as HNPCC with the development of < 10 lifetime

adenomas. It is typically differentiated from other hereditary CRC syndromes such as
familial adenomatous polyposis/attenuated familial adenomatous polyposis based on
having a low adenoma burden. The definition of HNPCC is being challenged with
reports of LS patients with > 10 lifetime adenomas. Comparable to the reports by the
few other studies on polyposis in LS, 4.3% of the patients in our LS cohort had
polyposis, with > 10 lifetime adenomas|7,8]. Three patients had more than 20 lifetime
adenomas, with 44 adenomas as the highest count.

To identify common characteristics of LS patients with polyposis, we reviewed
demographic and other background information in our cohort (Table 1). Notably, there
were no significant differences in sex, race, medications (aspirin, statin, non-steroidal
anti-inflammatory drug), smoking history, and family history between the polyposis
and non-polyposis groups (Table 3). The demographics and findings are consistent with
similar studies (8). Additionally, none of the 11 patients with polyposis were related to
each other to our knowledge. With no obvious risk factors related to polyposis, it is
difficult to identify which patients may be at higher risk for the development of

polyposis and this likely cannot be identified until the completion of multiple screening
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colonoscopies. The only notable difference between the two groups was the affected LS
gene. Prior literature indicates that patients with a PV in MLH1 or MSH2 are at
increased risk of the development of CRC[10]. It has also widely been concluded that
MSH6 and PMS2 PVs are associated with markedly lower LS related cancer risk than
other germline PVs[10]. Although not statistically significant, it is noteworthy that 10 of
the 11 patients in the polyposis cohort had a MSH2 or MSH6 PV.

A potential explanation for the observed association of MSH6 and MSH2 with the
development of polyposis may be found at the molecular level. Prior literature indicates
that PVs in the APC gene, either germline or acquired as the result of MMR deficiency,
are associated with development of adenomatous polyps[11,12]. It has recently been
shown that substitution or insertion/deletion mutations at repetitive sequences in the
APC gene are more frequent in LS-associated CRCs than in microsatellite-stable
ones[12,13]. These simple mismatches are usually recognized by MutSa, an MSH2 and
MSH6 heterodimer, as part of the MMR machinery, so the error can be corrected via
recruitment of MutLa, subsequent removal of erroneous DNA strand, and synthesis of
the correct one[l4]. By disrupting the interface between their mismatch binding
domains, PVs in MSH2 or MSH6 reduce the DNA binding affinity of MutSa at the APC
mismatch error site, preventing its ability to recognize the error and help correct it[14].
Resulting APC-driven polyp formation in these individuals could potentially help
explain our observations. However, further studies are required to establish the validity
of this hypothesis.

There are limitations to our study. First, given that we are a tertiary referral center,
there may be missing colonoscopies from outside facilities that were not obtained. This
was mitigated by having our team request past records which are uploaded into our
system in an attempt to capture all colonoscopy reports. Second, not all patients
received multi-gene panel testing; many of our patients received only single-site or
single gene testing based on known family history or directed by
immunohistochemistry results, so we cannot exclude the possibility that some patients

in the polyposis group have PVs in genes associated with a polyposis phenotype. This
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study is subject to ascertainment bias as genetic testing results are used as an inclusion
criterion. Additionally, the sample size of the polyposis group specifically (n = 11) is
limited and may compromise statistical power. Lastly, this is a single site study and
only describes the characteristics of patients in this region, however, our site does also
serve as a large tertiary center that cares for patients across multiple states. A multi-
center study with a larger sample size would improve and validate the findings of our

study.

CONCLUSION

This study describes a cohort of patients with LS, 11 of whom who were found to have
> 10 lifetime polyps. No clear risk factors, including smoking status, medication use,
sex, race, or family history of CRC, could be identified in the polyposis group; however,
it appears that MSH2 and MSH6 PV are more likely to be associated with polyposis in
LS than MLH1 or PMS2, however this did not reach statistical significance (P = 0.28).
This suggests that there are no clear modifiable risk factors that can be identified to
prevent polyposis and potentially that the development of polyposis is driven by PV.
We propose a mechanism to explain this finding that lies within the heterodimer nature
of MSH2 and MSH6. Our findings suggest closer surveillance for MSH2 and MSH6
carriers initially to establish polyp burden, rather than initially starting at a longer
interval (3 years). Future research will be aimed at further examining the molecular
mechanism for the development of CRC and polyposis in individuals with MSH2 and
MSHS6 PVs.
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