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BACKGROUND AND AIMS: Lynch syndrome (LS) is caused by
pathogenic mutations in mismatch repair (MMR) genes. There are
limited data on differences in colorectal cancer (CRC) surveillance
by MMR genes, and an international consensus on surveillance
based on genes is not established. We aimed to evaluate colonos-
copy and esophagogastroduodenoscopy (EGD) surveillance out-
comes and compare CRC surveillance findings by the mutated gene.
METHODS: One hundred one patients with LS were included and
colonoscopy results were compared by MMR mutation. Primary
outcomes included the development and recurrence of adenoma,
CRC, high-grade dysplasia, advanced adenoma, and sessile serrated
lesions. Logistic regressions evaluated the relationship between
genes and the development or recurrence of primary outcomes.
Survival analysis evaluated primary outcomes in patients with � 2
colonoscopies. EGD results were summarized. RESULTS: Three
hundred twenty seven colonoscopies were reviewed. Compared to
PMS2, MLH1 was associated with a higher risk of advanced
adenoma/high-grade dysplasia/CRC development (odds ratio [OR]
9.85, 95% confidence interval [CI]: 1.97–77.24) and MSH2 was
associated with a higher risk of adenoma development (OR 4.17,
95% CI: 1.11–17.61). Among those with > 2 colonoscopies, MLH1
(hazard ratio 18.98, 95% CI: 1.31–274.51) and MSH6 (hazard ratio
15.03, 95% CI: 1.16–194.65) had a higher risk of sessile serrated
lesions compared to MSH2. Among patients who had adenoma
detected once, MLH1 had a higher risk of adenoma recurrence
compared to MSH6 (OR 14.59, 95% CI: 1.53–244.30) and PMS2
(OR 47.15, 95% CI: 4.26–984.28). MSH2 had a higher risk of ade-
noma recurrence compared to PMS2 (OR 11.89, 95% CI:
1.38–164.78). Of 170 EGDs, an actionable finding was identified in
16% of patients during their first 3 EGDs. CONCLUSION: Surveil-
lance colonoscopy outcomes differed in patients with LS and sug-
gest the need to guide surveillance based on MMR gene mutation.
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Introduction

Lynch syndrome (LS) is an autosomal dominant he-
reditary cancer predisposition syndrome caused by

variants in DNA mismatch repair (MMR) genes including
MLH1, MSH2, MSH6, and PMS2. Colorectal cancer (CRC) is
the most common malignancy identified in patients with LS,
and LS is diagnosed in 2%–3% of patients with CRC.1,2 The
risk of CRC development varies by the gene mutated, and
MLH1 and MSH2 have been associated with an increased
risk of CRC compared to PMS2 and MSH6.3–5 In the United
States, CRC screening is recommended starting at age 20–25
years for MLH1 and MSH2 carriers with interval colonos-
copy every 1–2 years.6,7 For PMS2 and MSH6 carriers,
screening is recommended starting at age 25–30 years with
interval colonoscopy every 1–3 years.6,7 However, an in-
ternational consensus for optimal surveillance intervals
based on MMR gene mutated has not been established and
differences in recommendations remain.8

Prior studies of Lynch surveillance have identified a
decreased time to development of advanced adenoma (AA)
or CRC for PMS2 and MSH6 gene mutations. A retrospective
study by Goverde et al. of colonoscopy surveillance based on
pathogenic variant found patients with an MSH6 variant had
decreased time to development of AA or CRC.9 Kastrinos
et al. found that surveillance every 2–3 years would be cost-
effective for individuals with a PMS2 or MSH2 variant
compared to 1–2 years in patients with an MLH1 or MSH2
variant.10 While these studies have identified variation in
the risk of CRC and AA in patients with LS based on MMR
genes, there are limited data concerning the prevalence of
adenoma and sessile serrated lesion (SSL) development.

The risk of CRC in patients with LS is further influenced
by individual factors including lifestyle, personal charac-
teristics, and other genetic factors.11 Individual factors

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.gastha.2024.07.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gastha.2024.07.004&domain=pdf


996 Gibson et al Gastro Hep Advances Vol. 3, Iss. 7
associated with an increased risk of CRC in patients with LS
in prior studies include male sex, previous or ongoing
smoking, and an increasing body mass index (BMI).12

Furthermore, aspirin use has been associated with a
decreased risk of CRC and adenoma recurrence.13–15

In addition to CRC risk, patients with LS are at an
increased risk of developing extracolonic gastrointestinal
malignancy. The cumulative lifetime risk of gastric cancer
ranges from < 1% to 9% and small bowel malignancy ranges
from < 1% to 11% in patients with LS. Recommendations for
esophagogastroduodenoscopy (EGD) surveillance of extrac-
olonic gastrointestinal malignancy are variable, with most
guidelines recommending a baseline EGD and follow-up based
on individual risk factors.7,16 In recent years, some data have
supported the potential benefit of surveillance EGD in iden-
tifying malignant and clinically significant nonmalignant le-
sions.16,17 A recent US study of EGD surveillance in patients
with LS by Farha et al. identified lesions associated with
gastric malignancy in 6% of patients.16 Kumar et al. described
gastric intestinal metaplasia in 8% and H. pylori in 3% of their
LS cohort in the United States.18

The primary aim of this study was to evaluate the outcomes
of colonoscopy surveillance including CRC, AA, high-grade
dysplasia (HGD), and SSL for patients with LS at our single
institution based on which MMR gene is involved. The sec-
ondary aims were to (1) describe EGD surveillance outcomes in
patients with LS and (2) evaluate for individual risk factors for
CRC, AA, HGD, and SSL development in patients with LS.
Methods
We retrospectively reviewed colonoscopy and EGD results

in patients with a diagnosis of LS at our single institution from
January 2003 to July 2020. A total of 220 patients were iden-
tified by participation in the Hereditary Gastrointestinal Cancer
Registry, and 101 were included in the study analysis after
excluding those without � 1 colonoscopy available. The He-
reditary Gastrointestinal Cancer Registry is a registry of
Table 1. Association Between Adenoma, AA/HGD/CRC or SSL

OR when compared with MSH6 OR whe

Adenoma
PMS2 0.65 (0.14–2.88), P ¼ .575
MSH2 2.73 (0.69–11.43), P ¼ .156 4.17
MLH1 1.49 (0.36–6.26), P ¼ .577 2.29

AA/HGD/CRC
PMS2 0.28 (0.03–1.68), P ¼ .184
MSH2 1.31 (0.33–5.60), P ¼ .702 4.70
MLH1 2.75 (0.68–12.37), P ¼ .166 9.85

SSL
PMS2 0.25 (0.04–1.46), P ¼ .132
MSH2 0.50 (0.10–2.57), P ¼ .400 2.03
MLH1 0.41 (0.07–2.24), P ¼ .303 1.66

AA, advanced adenoma; BMI, body mass index; CRC, colorec
lesion.
Logistic regression models were used; values are OR (95% CI
AA, advanced adenoma; CRC, colorectal cancer; HGD, high-g
patients enrolled at the Huntsman Cancer Institute with a his-
tory of inherited cancer syndromes and/or a strong family
history of cancer. Patients were grouped based on the gene
mutated (MLH1, MSH2, MSH6, and PMS2). Endoscopy proced-
ures were completed by 5 gastroenterologists at a single center
with dedication to the field of high-risk CRC surveillance. All
gastroenterologists had an Adenoma Detection Rate above the
standard quality requirement (men � 30% and women �
20%). All patients included had Boston Bowel Prep Score of > 7
and many patients from around the year 2017 onwards un-
derwent chromoendoscopy during their surveillance colonos-
copies. Baseline characteristics were compared between genes.
Primary outcomes included the occurrence or recurrence of
adenomas, SSL, or AA/HGD/CRC during the surveillance period.

Patient characteristics were summarized using median (inter-
quartile range) for numeric variables and N (%) for categorical
variables. We used the Kruskal-Wallis rank sum test for numeric
variables and Fisher’s exact test for categorical variables to compare
the characteristics across the mutation types. We employed a lo-
gistic regression model to estimate the association between the
mutation types and the development and recurrence of adenoma,
SSL, and AA/HGD/CRC (Table 1 and Supplemental Table 3).

For patients who had two or more colonoscopies, we fitted
Cox proportional hazards models on the time to development of
adenoma, SSL, and AA/HGD/CRC (Table A2). We used the time
of the first colonoscopy as the index date of the time-to-event
outcome. For all the regression models, age, gender, BMI levels,
smoking status, alcohol usage, aspirin usage, and any other
cancer were included as confounders to control. All statistical
analysis was performed using R Statistical Software (version
4.2.0).
Results
A total of 327 colonoscopies were reviewed for the 101

patients with LS included in the study. Patients with MSH2
(31%) gene mutations had the most colonoscopy reports
(31%) followed by MLH1 (28%), PMS2 (23%), and MSH6
(18%). Baseline characteristics did not differ by gene, but
patients with MLH1 gene mutations had the highest average
Development, and Gene Mutated

n compared with PMS2 OR when compared with MSH2

(1.11–17.61), P ¼ .041
(0.60–9.30), P ¼ .234 0.55 (0.14–1.99), P ¼ .369

(0.93–36.53), P ¼ .085
(1.97-77.24), P ¼ .011 2.09 (0.60–7.81), P ¼ .252

(0.38–13.08), P ¼ .422
(0.29–10.78), P ¼ .572 0.82 (0.15–4.20), P ¼ .808

tal cancer; HGD, high-grade dysplasia; SSL, sessile serrated

); significant ORs, are bolded.
rade dysplasia; OR, odds ratio; SSL, sessile serrated lesion.



Table 2. Baseline Characteristics and Screening Variables by Gene Mutated

Variables
Total

N ¼ 101
MSH6
N ¼ 18

MSH2
N ¼ 32

PMS2
N ¼ 23

MLH1
N ¼ 28 P

Baseline
Agea 45 (24) 50 (20) 46 (25) 44 (20.5) 40.5 (22.5) .509
BMIa 27.3 (8.5) 29 (5.9) 26.2 (5.8) 25.9 (12.3) 26.8 (10.6) .584
Femaleb 61 (60.4) 11 (61.1) 24 (75) 13 (56.5) 13 (46.4) .164
Whiteb 95 (97) 18 (100) 28 (93) 22 (96) 27 (100) .911
Hx of cancerb 53 (52.5) 12 (66.7) 19 (59.4) 8 (34.8) 14 (50) .164

Reason testedb .386
Personal history 36 (36.4) 10 (55.6) 10 (31.2) 7 (30.4) 9 (34.6)
Family history 51 (51.5) 6 (33.3) 16 (50) 15 (65.2) 14 (53.8)
Both 12 (12.1) 2 (11.1) 6 (18.8) 1 (4.3) 3 (11.5)

Colonoscopy
Total number 327 45 111 50 121
Per patienta 2 (4) 1.5 (2.8) 3 (2.2) 2 (2) 4 (4) .004
Surveillance (Y)a 4.5 (4) 4.5 (3.3) 5 (4.2) 3.7 (2.3) 4.9 (4) .357

Surveillance outcomes
Adenomab 54 (53.5) 9 (50) 18 (56.2) 10 (43.5) 17 (60.7) .65
SSLb 17 (16.8) 5 (27.8) 5 (15.6) 3 (13) 4 (14.3) .621
AA/HGD/CRCb 29 (28.7) 5 (27.8) 10 (31.2) 2 (8.7) 12 (42.9) .051

AA, advanced adenoma; BMI, body mass index; CRC, colorectal cancer; HGD, high-grade dysplasia; SSL, sessile serrated
lesion.
Logistic regression models were used; values are OR (95% CI); significant ORs, are bolded.
AA, advanced adenoma; CRC, colorectal cancer; HGD, high-grade dysplasia; OR, odds ratio; SSL, sessile serrated lesion.
aContinuous variables; Values are median (IQR); Kruskal-Wallis test were used.
bCategorical variables; Values are n (%); Fisher’s exact test were used.
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number of colonoscopies completed (Table 2). Overall, there
was no statistically significant risk in the overall occurrence
of any adenoma, SSL, or AA/HGD/CRC between gene groups,
although MLH1 (43%) and MSH2 (31%) patients had the
highest proportions of AA/HGD/CRC occurrence.

The presence of an adenoma, SSL, or AA/HGD/CRC on
each colonoscopy for each patient included in the study is
represented by the gene mutated in Figure. Findings on the
first colonoscopy included AA/HGD/CRC in 22 patients
including 10 CRC, 10 AA, and 2 HGD. The median age (and
range) of patients with CRC on the index colonoscopy was
38.5 (27.6, 66), and the gene mutated included 4 MLH1, 3
MSH2, and 3 MSH6. Overall, 10 patients had CRC identified on
their index colonoscopy (4MLH1, 3MSH2, and 3MSH6), and 6
patients developed CRC during the surveillance period
including 4 MSH2 and 2 MLH1 gene carriers (Table A1).

Compared to PMS2, MLH1 was associated with a higher
risk of AA/HGD/CRC development (odds ratio [OR] 9.85,
95% confidence interval [CI] 1.97–77.24) and MSH2 was
associated with a higher risk of adenoma development (OR
4.17, 95% CI 1.11–17.61) (Table 1). Among those with � 2
colonoscopies (n ¼ 71), there was no significant difference
in adenoma or AA/HGD/CRC development, but MLH1
(hazard ratio 18.98, 95% CI 1.31–274.51) and MSH6 (haz-
ard ratio 15.03, 95% CI 1.16–194.65) had a higher risk of
SSL compared to MSH2 (Table A2). Among patients who had
adenoma detected once (n ¼ 54), MLH1 had a higher risk of
adenoma recurrence compared to MSH6 (OR 14.59, 95% CI
1.53–244.30) and PMS2 (OR 47.15, 95% CI 4.26–984.28).
MSH2 had a higher risk of adenoma recurrence compared to
PMS2 (OR 11.89, 95% CI 1.38–164.78) (Table A3).

Individual risk factors including a recorded personal his-
tory of smoking tobacco, alcohol use, or aspirin use at the time
of LS diagnosis or the first encounter in our medical record
system were evaluated for an association with the odds of
adenoma, AA/HGD/CRC, and SSL development during the
study period. Of 101 patients, 13 (12.9%) reported a positive
personal history of smoking, 38 (37.6%) reported positive
alcohol use, and 12 (11.9%) reported aspirin use. There was
no statistically significant association between smoking,
alcohol use, and aspirin use with the odds of developing an
adenoma, AA/HGD/CRC, or an SSL during the study (Table 3).

A total of 76 patients had at least one EGD during the
follow-up period, and a total of 170 EGD procedures were
evaluated. Findings of interest from EGDs completed
included Barrett’s esophagus, H. pylori infection, eosino-
philic esophagitis, esophageal or gastric ulcerations, fundic
gland polyps with dysplasia, pyloric gland adenomas,
tubular adenomas, tubulovillous adenomas, villous ade-
nomas, hyperplastic polyps > 5 mm in size, and any ma-
lignancy. Details for the findings of the first 3 EGDs are
included in Table 4. The median follow-up for all patients
with > 1 EGD available was 4.0 years (3.1, 5.2). The median
follow-up for patients with 2–3 EGDs available for review
was 3.4 years (2.0, 4.5).

Of patients who had > 3 EGDs, 12 had 4 EGDs and 5 had
� 5 EGDs. There was one case of an ampullary adenoma
identified on the fourth EGD for a patient with a history of



Figure. Visual representation of
colonoscopy surveillance out-
comes by gene mutated. Each
patient is represented as a hori-
zontal line and grouped based
on the gene mutated and the
colonoscopy findings of ade-
noma, SSP, or CRC/HGD/AA.
Blue dots represent the absence
of a lesion, and orange dots
represent the presence of a
lesion. Colonoscopies for each
patient are indicated as a dot for
the date when the procedure
was performed.
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ampullary adenocarcinoma and an MSH2 variant. The pa-
tient was receiving yearly surveillance with an EGD, and the
recurrence occurred 6 years after the index malignancy.
There were no additional cases of identified malignancy.
Discussion
Surveillance colonoscopy outcomes in the present study,

including SSL development, differed in patients with LS
based on the gene mutated. PMS2 was associated with
decreased odds of AA/HGD/CRC and adenoma development
compared to MLH1 and MSH2, respectively. In patients with
Table 3. Association Between Adenoma, AA/HGD/CRC or SSL

Adenoma

Smoking 4.44 (0.93–26.81), P ¼ .076 1

Alcohol use 0.95 (0.35–2.54), P ¼ .914 1

Aspirin use 1.34 (0.28–6.68), P ¼ .708 0

Logistic regression models were used; values are OR (95% CI
AA, advanced adenoma; CRC, colorectal cancer; HGD, high-g
a prior adenoma, PMS2 and MSH6 were associated with
decreased odds of adenoma recurrence compared to MLH1.
No patients with PMS2 were diagnosed with CRC during our
study. These findings support the consideration of individ-
ualized surveillance intervals for patients with PMS2 or
MSH6 gene mutations because they are associated with a
lower risk of adenoma recurrence.

Overall, 10 patients had CRC identified on their index
colonoscopy and only 6 patients developed CRC identified
on a subsequent surveillance colonoscopy supporting the
effectiveness of colonoscopy surveillance for patients with
LS. Notably, no patients with MSH6 or PMS2 gene mutations
, and Individual Risk Factors

AA/HGD/CRC SSL

.18 (0.28–4.76) P ¼ .819 1.90 (0.30–10.47), P ¼ .466

.84 (0.67–5.16), P ¼ .239 1.46 (0.42–5.05), P ¼ .548

.26 (0.04–1.19), P ¼ .102 0.63 (0.08–3.49), P ¼ .626

).
rade dysplasia; SSL, sessile serrated lesion.



Table 4. Findings From First Three EGDs

Variables
First EGD
N ¼ 76

Second EGD
N ¼ 40

Third EGD
N ¼ 25

Reason for endoscopy
LS surveillance 62 28 17
Symptoms 13 7 4
Follow-up 0 5 4
Other 1 0 0

Findings
Normal 64 33 22
EoE 2 3 2
H pylori 1 0 0
Barrett’s 1 1 1
Ulceration 3 3 0
HP > 5 mm 2 0 0
Other 3 0 0

Actionable finding total 12 (16) 7 (17.5) 3 (12)

Values are n (%).
EGD, esophagogastroduodenoscopy; EoE, eosinophilic
esophagitis; HP, hyperplastic polyp; LS, Lynch syndrome.
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developed CRC during the study surveillance period. Prior
studies have found mixed results regarding variability in
surveillance colonoscopy outcomes based on the gene in
patients with LS, and only a limited number of studies have
reported on longitudinal adenoma and SSL incidence in
patients with LS.9,19 In agreement with our results, prior
studies have identified that MLH1 and MSH2 carriers have
an increased risk of CRC development compared to MLH6
and PMS2 carriers.9,12,20 A recent study by Del Carmen et al.
of 163 patients at M.D. Anderson found an earlier incidence
of adenomas in MSH2 carriers compared to MLH1 but found
no significant difference in the overall odds of adenoma, AA,
or CRC development between genes mutated.20

In addition to evaluating surveillance colonoscopy out-
comes, we completed a descriptive review of EGD outcomes
in 76 patients with LS. A recent study by Farha et al. found
clinically actionable findings in 18% of patients with LS
undergoing asymptomatic EGD surveillance over a median
length of 3.5 years.16 In our study, 15.8% of patients had
clinically actionable findings identified on the first 3 EGDs
reviewed including 3 (3.9%) with malignancy and 6 (7.9%)
lesions with premalignant potential identified. These rates
are similar to findings of malignancy in 1.5%–5.8% of pa-
tients with LS undergoing EGD surveillance in prior stud-
ies.16–18,21 Interestingly, only one patient had H. pylori found
on their baseline endoscopy.

Regarding individual risk factors, we did not identify a
statistically significant difference in the odds of developing
an adenoma, AA/HGD/CRC, or SSL based on smoking,
alcohol, or aspirin use history. Previous studies have iden-
tified associations between male sex, current or prior
smoking history, and increased BMI with an increased risk
of CRC development in patients with LS.12,22 The lack of an
association between CRC and smoking, alcohol, or in our
study could partially be explained by the relatively low
number of patients with a personal history of smoking and
aspirin use. Furthermore, the quantity of alcohol use was
not specified for patients and risk could vary based on the
amount and frequency of alcohol consumption.

The strengths of the study include collecting longitudinal
data at a single institution with only a handful of providers
performing endoscopic surveillance on patients allowing for
more similarity between exams. Another strength is the
quality of data being obtained from a well-established pa-
tient registry with a clearly defined cohort. Also, patients
primarily followed their care at the same institution and
were unlikely to have interval or missed data. The limita-
tions of this study include the small sample sizes in each
gene group leading to wide confidence intervals and po-
tential instability of the estimates. We were not able to do
multiple comparisons due to sample size and the risk of
elevated type II errors potentially masking meaningful as-
sociations. The retrospective nature of the study is also a
limit with variable time to follow-up leading to differences
in the overall time of follow-up data.
Conclusion
Differences in the incidence of precancerous and

advanced colonic lesions between genes mutated suggest
that colonoscopy surveillance may be individualized and
modified based on the gene involved. The effect of lifestyle
risk factors in the development of colorectal neoplasia in
Lynch patients needs further study in a larger cohort.
Supplementary Materials
Material associated with this article can be found, in the

online version, at https://doi.org/10.1016/j.gastha.2024.07.
004.
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