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Abstract
BACKGROUND 
Lynch syndrome (LS) is a hereditary cancer predisposition syndrome associated 
with increased risk of multiple cancers. While colorectal cancer surveillance 
decreases mortality in LS and is recommended by guidelines, there is lack of 
evidence for the efficacy of surveillance for extra-colonic cancers associated with 
LS, including small intestinal cancer (SIC) and urinary tract cancer (UTC). Given 
the limited evidence, guidelines do not consistently recommend surveillance for 
SIC and UTC, and it remains unclear how often individuals will choose to 
undergo and follow through with extra-colonic surveillance recommendations.

AIM 
To study factors associated with SIC and UTC surveillance uptake and outcomes 
in LS.

METHODS 
This is an IRB-approved retrospective analysis of individuals with LS seen at a 
tertiary care referral center. Included individuals had a pathogenic or likely 
pathogenic variant in MLH1, MSH2, MSH6, PMS2, or EPCAM, or were a 
confirmed obligate carrier, and had at least one documented visit to our center. 
Information regarding SIC and UTC surveillance was captured for each 
individual, and detailed personal and family history was obtained for individuals 
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who had an initial LS management visit in our center’s dedicated high-risk LS 
clinic between January 1, 2017 and October 29, 2020. During these initial 
management visits, all patients had in-depth discussions of SIC and UTC 
surveillance with 1 of 3 providers experienced in LS management to promote 
informed decision-making about whether to pursue SIC and/or UTC surveillance. 
Statistical analysis using Pearson’s chi-squared test and Wilcoxon rank-sum test 
was completed to understand the factors associated with pursuit and completion 
of SIC and UTC surveillance, and a P value below 0.05 was deemed statistically 
significant.

RESULTS 
Of 317 individuals with LS, 86 (27%) underwent a total of 105 SIC surveillance 
examinations, with 5 leading to additional work-up and no SICs diagnosed. 
Additionally, 99 (31%) patients underwent a total of 303 UTC surveillance 
examinations, with 19 requiring further evaluation and 1 UTC identified. Of 155 
individuals who had an initial LS management visit between January 1, 2017 and 
October 29, 2020, 63 (41%) chose to undergo SIC surveillance and 58 (37%) chose 
to undergo UTC surveillance. However, only 26 (41%) and 32 (55%) of those who 
initially chose to undergo SIC or UTC surveillance, respectively, successfully 
completed their surveillance examinations. Individuals with a pathogenic variant 
in MSH2 or EPCAM were more likely to initially choose to undergo SIC 
surveillance (P = 0.034), and older individuals were more likely to complete SIC 
surveillance (P = 0.007). Choosing to pursue UTC surveillance was more frequent 
among older individuals (P = 0.018), and females more frequently completed UTC 
surveillance (P = 0.002). Personal history of cancer and family history of SIC or 
UTC were not significantly associated with electing nor completing surveillance. 
Lastly, the provider discussing SIC/UTC surveillance was significantly associated 
with subsequent surveillance choices.

CONCLUSION 
Pursuing and completing SIC/UTC surveillance in LS is influenced by several 
factors, however broad incorporation in LS management is likely unhelpful due to 
low yield and frequent false positive results.

Key Words: Lynch syndrome; Urinary tract cancer; Intestinal neoplasms; Early diagnosis 
of cancer; Patient preference; Gastrointestinal surgical procedure

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This retrospective study of a Lynch syndrome (LS) cohort measured the 
uptake and outcome of small intestinal cancer (SIC) and urinary tract cancer (UTC) 
surveillance. When given the option of surveillance, a minority of patients elected 
surveillance, and patient completion of surveillance exams was suboptimal. Completed 
surveillance exams rarely detected SIC/UTC and resulted in multiple false positives 
that led to additional follow-up procedures. Pursuing and completing SIC/UTC 
surveillance in LS was influenced by several factors, however given the low yield and 
positive predictive value, broad incorporation of SIC/UTC surveillance in LS 
management is unlikely to be helpful.

Citation: DeJesse J, Vajravelu RK, Dudzik C, Constantino G, Long JM, Wangensteen KJ, 
Valverde KD, Katona BW. Uptake and outcomes of small intestinal and urinary tract cancer 
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resulting from a disease-causing variant in the MLH1, MSH2, MSH6, PMS2, or EPCAM 
gene. LS is primarily associated with increased colorectal and endometrial cancer risk 
but is also associated with increased risk of gastric, small intestinal, hepatobiliary, 
ovarian, urinary tract, brain, and skin cancers[1-3]. Colorectal cancer surveillance has 
proven effective in LS, with colonoscopy decreasing colorectal cancer mortality in LS 
by approximately 65%, which has led to inclusion of frequent colonoscopy in all LS 
management guidelines[4-8]. There is less agreement about the utility of surveillance 
for extra-colonic cancers in LS. Although recent reports show upper gastrointestinal 
cancer surveillance could detect gastric and duodenal cancers in LS[9,10], differences 
remain in recommended upper gastrointestinal cancer surveillance[5,11]. There is a 
paucity of evidence supporting efficacy of other types of extra-colonic cancer 
surveillance in LS, including small intestinal cancer (SIC) and urinary tract cancer 
(UTC) surveillance, as well as a lack of data addressing provider recommendation and 
patient uptake of SIC and UTC surveillance.

The cumulative risk of small intestinal adenocarcinoma in LS is up to 11%, 
markedly higher than the general population risk of 0.3%[5,7,12-14]. Options for SIC 
surveillance include small bowel follow through (SBFT), video capsule endoscopy 
(VCE), or CT/MRI enterography, with VCE being considered the most sensitive for 
small intestinal pathology[15,16]. However, there are limitations to the use of VCE, 
including cost and possible capsule retention in those with a history of prior 
abdominal surgery[17]. A study of SIC surveillance with VCE in 35 asymptomatic LS 
patients identified 2 adenomas and 1 adenocarcinoma, all distal to the duodenum[18]. 
A separate study of VCE performed on 200 asymptomatic LS patients led to the 
discovery of a small intestinal adenoma and a small intestinal adenocarcinoma[19]; 
this same group performed follow-up VCE on 155 patients of the same cohort a mean 
interval of 2 years after the first VCE which led to no additional small intestinal 
neoplasms being detected[20]. Other prospective and retrospective studies of LS 
cohorts concluded that the low frequency of SIC in LS prevented surveillance from 
being cost effective[20,21]. Given the limited data on SIC surveillance, there is 
currently no consensus recommendation regarding dedicated SIC surveillance for 
individuals with LS.

Individuals with LS are also at increased risk of UTC, including cancer of the renal 
pelvis, bladder, and ureters[21-23]. Cumulative risk of UTC in LS is up to 28%, a 20-
fold increase in risk compared to the general population, with the highest risk seen in 
males with pathogenic MSH2 variants[5,13,21,24,25]. Options for UTC surveillance 
include urinalysis, urine cytology, CT urogram, or cystoscopy. A study of the Danish 
HNPCC Registry found that only 2 (0.1%) of 1,868 urine cytology screens in 977 
patients led to a diagnosis of an asymptomatic tumor, and 22 screens (1.2%) led to a 
false positive result, leading the authors to conclude that urine cytology is not an ideal 
surveillance method in LS[23]. Another study of the same registry found that 78% of 
UTCs in the cohort occurred in patients without a family history of UTC, and 73% of 
UTCs were in individuals with a pathogenic MSH2 variant or a first degree relative of 
a MSH2 carrier, leading the authors to suggest that UTC surveillance should not be 
limited to patients with a family history of UTC and should be focused on patients 
with pathogenic MSH2 variants[25]. There has been disagreement amongst LS 
guidelines regarding the utility of UTC surveillance as some groups, like the U.S. 
Multi-Society Task Force, have recommended considering routine surveillance[6,26-
29], while others, including the Mallorca group, have deemed there is not sufficient 
evidence to recommend regular surveillance[5,7,23,30].

Apart from whether SIC or UTC surveillance is recommended, it is equally 
important to understand whether individuals with LS will undergo surveillance if 
recommended, especially given the already intensive surveillance recommendations 
often mandated as part of a comprehensive LS surveillance program. Data charac-
terizing extra-colonic cancer surveillance compliance in LS are limited, however a 
large study of annual UTC surveillance in LS found a compliance rate of only 29%[23]. 
This compliance is substantially lower than colonoscopy compliance (68%-85%)[31,
32]. Furthermore, it remains uncertain what factors influence a patient’s decision to 
pursue SIC or UTC surveillance in the presence of variable guidelines and 
recommendations.Herein, we aim to characterize the uptake and outcomes of SIC and 
UTC surveillance in LS, including patients’ decisions about whether to pursue 
surveillance despite the limited evidence on efficacy and varying guideline 
recommendations, whether these individuals successfully complete surveillance, and 
the yield of the surveillance examinations.
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MATERIALS AND METHODS
This is a retrospective study of individuals with LS seen at Penn Medicine, approved 
by the University of Pennsylvania Institutional Review Board. Individuals with LS had 
a confirmed pathogenic or likely pathogenic variant in MLH1, MSH2, MSH6, PMS2, or 
EPCAM, or were an obligate carrier of a familial pathogenic or likely pathogenic 
variant in one of these genes, and had at least one visit to the health system.

The electronic medical records of all LS patients were reviewed for pertinent details 
regarding demographics, medical history, family history, and surveillance 
examination results. Data were captured and entered into a REDCap database hosted 
at the University of Pennsylvania to facilitate statistical analysis. SIC surveillance was 
defined as a VCE or SBFT ordered in the absence of symptoms concerning for small 
intestinal pathology. Abnormal SIC surveillance results included any finding that was 
suspicious for a polyp or neoplastic process. UTC surveillance was defined as a 
urinalysis or urine cytology ordered in the absence of symptoms concerning for 
urinary tract pathology. Abnormal UTC surveillance results included a urine dipstick 
positive for blood, microscopic detection of red blood cells above the upper limit of 
normal, or atypical/abnormal urothelial cells found on urine cytology.

In an effort to further characterize recent SIC and UTC surveillance decisions, this 
study reviewed data from individuals who had their initial office visit for LS 
management in the Penn Medicine Gastrointestinal Cancer Genetics Program between 
January 1, 2017 and October 29, 2020 and were seen by 1 of 3 providers experienced in 
LS management. During the initial office visit to formulate the LS surveillance plan, 
each patient was engaged in detailed discussion about SIC and UTC surveillance 
covering the risks of surveillance (including false positive results generating additional 
evaluations), potential benefits, lack of robust data showing surveillance prevents 
cancer and/or reduces mortality, and lack of consistent guideline recommendations. If 
after this in-depth discussion a patient decides to pursue SIC and/or UTC 
surveillance, the provider orders appropriate testing and notes the patient’s decision in 
their chart. If no evidence of a completed surveillance examination was in the patient’s 
electronic medical record, the surveillance examination was noted as incomplete.

Statistical analysis using Pearson’s chi-squared test for categorical variables and 
Wilcoxon rank-sum test for continuous variables was completed with a Type I error 
rate of 0.05 using Stata software version 16.1.

RESULTS
Three hundred seventeen individuals with LS had a visit to the health system and 
were included as part to the cohort; the cohort was mostly white (86%), non-Hispanic 
(98%), and female (59%), with a median age of 49 years (IQR: 38-61 years) 
(Supplementary Table 1). Distribution of LS genes in the cohort was relatively uniform 
as the percentage of pathogenic/likely pathogenic variants in MLH1, MSH2/EPCAM, 
MSH6, and PMS2 was 23%, 35%, 22%, and 20% respectively. Of the 317 individuals 
with LS, 86 (27%) underwent a total of 105 SIC surveillance examinations with the 
majority (55%) being VCEs. There were no SICs diagnosed. However, 5 of these 
surveillance VCEs were suspicious for a small bowel polyp, which led to further work-
up with invasive procedures (Table 1). None of the follow-up procedures led to the 
identification of any neoplastic small intestinal lesions. The positive predictive value 
(PPV) for VCE was 0% with a one-sided 97.5% confidence interval of 0%-52%. Of this 
same cohort of 317 individuals with LS, 99 (31%) underwent a total of 303 UTC 
surveillance examinations, the majority (65%) of which were urinalysis, with 19 of 
these surveillance tests showing abnormal findings that prompted further evaluation 
(Table 1). Of the 19 abnormal surveillance results leading to further work up, 10 (53%) 
were urine cytologies, and 1 surveillance urine cytology led to a single UTC diagnosis 
of a non-invasive high grade urothelial papillary carcinoma in a 64 year-old male 
individual with a pathogenic variant in MSH2. This patient had localized disease that 
was treated with nephroureterectomy and retroperitoneal/pelvic lymph node 
dissection and is subsequently followed by regular cystoscopy and MRI without 
reoccurrence. Urinalysis had a PPV of 0% with a one-sided 97.5% confidence interval 
of 0%-34%, and urine cytology had a PPV of 10% with a 95% confidence interval of 
0.25%-45%.

To understand the factors influencing uptake of SIC and UTC surveillance in LS, we 
further analyzed those individuals with LS who had an initial LS management visit 
with our program between January 1, 2017 and October 29, 2020. This cohort was 

https://f6publishing.blob.core.windows.net/1eb439a2-e169-4889-85f6-eb24c32344a4/WJCO-12-1023-supplementary-material.pdf
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Table 1 Small intestinal cancer and urinary tract cancer surveillance outcomes in Lynch syndrome

n = 317

Individuals who underwent SIC surveillance 86 (27%)

SIC surveillance exams completed per individual, median (IQR) 1 (1-1)

Total completed SIC surveillance exams 105

VCE 58 (55%)

SBFT 47 (45%)

Abnormal SIC surveillance exams leading to further work-up 5 (5%)

VCE 5 (100%)

SBFT 0 (0%)

Abnormal SIC surveillance exams leading to a SIC diagnosis 0 (0%)

Individuals who underwent UTC surveillance 99 (31%)

UTC surveillance exams completed per individual, median (IQR) 2 (1-3)

Total completed UTC surveillance exams 303

Urinalysis 197 (65%)

Urine cytology 106 (35%)

Abnormal UTC surveillance exams leading to further work-up 19 (6%)

Urinalysis 9 (47%)

Urine Cytology 10 (53%)

Abnormal UTC surveillance exams leading to a UTC diagnosis 1 (5%)

SIC: Small intestinal cancer; UTC: Urinary tract cancer; VCE: Video capsule endoscopy; SBFT: Small bowel follow through.

comprised of 155 individuals who were primarily white (90%) and female (65%), and 
the majority had private insurance (86%) (Table 2). There was a near equal distribution 
of patients across all LS genes, with 70 (45%) of these individuals having a personal 
history of cancer, including 2 (1%) with SIC and 6 (4%) with UTC. Almost all (97%) of 
these individuals had a family history of cancer, with 8 (5%) having a family history of 
SIC, and 35 (23%) having a family history of UTC. A majority of the cohort (78%) was 
treated by a single provider.

At their initial LS management visit, during which the risks and benefits of SIC and 
UTC surveillance were reviewed to allow patients to make an informed decision, 63 
(41%) patients chose to undergo SIC surveillance and 58 (37%) chose to undergo UTC 
surveillance (Figure 1). However, of those who chose to undergo SIC and UTC 
surveillance at their initial management visit, only 26 (41%) and 32 (55%) completed 
their SIC or UTC surveillance examinations, respectively.

We next assessed for factors associated with choosing to undergo SIC and/or UTC 
surveillance as well as successfully completing surveillance tests. Individuals with a 
pathogenic variant in MSH2 or EPCAM were more likely to initially choose to undergo 
SIC surveillance compared to those with other mutations as this group accounted for 
24 (38%) of the individuals who chose SIC surveillance (Table 3, P = 0.034). Older age 
was associated with completion of SIC surveillance (P = 0.007), as the median age of 
those who completed SIC surveillance was 56 years—14 years higher than the median 
age of those who did not complete surveillance. Additionally, there were statistically 
significant differences in choosing and completing SIC surveillance in a provider-
dependent manner.

For UTC surveillance, older age was associated with choosing to undergo 
surveillance; the median age of those who chose to undergo surveillance was 48 years, 
8 years higher than those who chose no surveillance (Table 4, P = 0.018). Female sex 
was associated with UTC surveillance completion (P = 0.002) as 26 (81%) individuals 
who completed UTC surveillance were female. Ashkenazi Jewish ancestry was also 
associated with completion of UTC surveillance (P = 0.006). The individuals who were 
treated by Provider 1 chose UTC surveillance less frequently (P = 0.000) but were more 
likely to complete surveillance exams if they chose to pursue them (P = 0.000). 
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Table 2 Characteristics of patients with an initial Lynch syndrome management visit between January 1, 2017 and October 29, 2020

n = 155 

Age (yr), median (IQR) 46 (33-58)

Female sex 100 (65%)

Race

White 139 (90%)

Black 3 (2%)

Asian 7 (5%)

Other 2 (1%)

Unknown 4 (3%)

Hispanic ethnicity 2 (1%)

Ashkenazi Jewish ancestry 16 (10%)

Lynch syndrome gene

MLH1 29 (19%)

MSH2 or EPCAM 40 (26%)

MSH6 45 (29%)

PMS2 41 (26%)

Personal history of cancer 70 (45%)

Small intestinal 2 (1%)

Urinary tract 6 (4%)

Colorectal 30 (19%)

Family history of cancer 151 (97%)

Small intestinal 8 (5%)

Urinary tract 35 (23%)

Colorectal 113 (73%)

Type of insurance

Private insurance 134 (86%)

Medicare insurance 16 (10%)

Medicaid insurance 5 (3%)

Provider

Provider 1 121 (78%)

Provider 2 17 (11%)

Provider 3 17 (11%)

Personal history of cancer and family history of SIC or UTC were not associated with 
initially choosing to undergo surveillance or surveillance completion (Tables 3-4). 
Race, Hispanic ethnicity, and insurance status were also not associated with choosing 
nor completing surveillance (Tables 3-4).

DISCUSSION
Lynch syndrome is a high-risk cancer predisposition syndrome, with affected 
individuals requiring lifelong cancer risk management. Whereas some surveillance, 
such as colorectal cancer surveillance, is strongly recommended in LS, there is a lack of 
consistent recommendations for SIC and UTC surveillance due to the limited data 
showing this extra-colonic surveillance is effective. In this study, we investigated 
uptake of SIC and UTC surveillance in LS and the outcomes of the associated 
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Table 3 Characteristics of individuals with Lynch syndrome who chose to undergo and/or completed small intestinal cancer 
surveillance

Surveillance chosen (
n = 63)

Surveillance not chosen 
(n = 92)

P 
value

Surveillance 
completed (n = 26)

Surveillance not 
completed (n = 37)

P 
value

Age (yr), median 
(IQR)

48 (37-59) 42 (32-57) 0.114 56 (46-62) 42 (33-54) 0.007a

Female 44 (70%) 56 (61%) 0.252 21 (81%) 23 (62%) 0.113

Race 0.750 0.531

White 58 (92%) 81 (88%) 24 (92%) 34 (92%)

Black 1 (2%) 2 (2%) 0 (0%) 1 (3%)

Asian 3 (5%) 4 (4%) 2 (8%) 1 (3%)

Other 0 (0%) 2 (2%) - -

Unknown 1 (2%) 3 (3%) 0 (0%) 1 (3%)

Hispanic ethnicity 1 (2%) 1 (1%) 0.912 0 (0%) 1 (3%) 0.211

AJ ancestry 5 (8%) 11 (12%) 0.687 1 (4%) 4 (11%) 0.489

Lynch syndrome 
gene

0.034a 0.357

MLH1 10 (16%) 19 (21%) 5 (19%) 5 (14%)

MSH2 or EPCAM 24 (38%) 16 (17%) 7 (27%) 17 (46%)

MSH6 14 (22%) 31 (34%) 8 (31%) 6 (16%)

PMS2 15 (24%) 26 (28%) 6 (23%) 9 (24%)

Personal history of 
cancer

33 (52%) 37 (40%) 0.135 17 (65%) 16 (43%) 0.083

Family history of 
SIC

5 (8%) 3 (3%) 0.182 1 (4%) 4 (11%) 0.340

Insurance 0.111 0.314

Private 58 (92%) 76 (83%) 25 (96%) 33 (89%)

Medicare 5 (8%) 11 (12%) 1 (4%) 4 (11%)

Medicaid 0 (0%) 5 (5%) - -

Provider 0.000a 0.030a

Provider 1 39 (62%) 82 (89%) 17 (65%) 22 (59%)

Provider 2 13 (21%) 4 (4%) 8 (31%) 5 (14%)

Provider 3 11 (17%) 6 (7%) 1 (4%) 10 (27%)

aP < 0.05. SIC: Small intestinal cancer; AJ: Ashkenazi Jewish.

surveillance examinations. Our data shows that after engagement in an in-depth 
discussion on the potential benefits, risks, and limitations of SIC and UTC surveillance, 
a majority of patients decided to forgo surveillance, and those that initially chose to 
pursue surveillance had low completion rates. Additionally, we show a low PPV with 
frequent false positive results for both SIC and UTC surveillance, and the overall yield 
of cancer diagnoses was low for all surveillance methods. Taken together, our results 
do not support regular incorporation of SIC and UTC surveillance into standard LS 
cancer risk management care.

Effective cancer surveillance in LS should ideally utilize testing that is cost-effective 
and low risk, and surveillance should ultimately increase survival[7]. An ideal test 
must also have a high level of sensitivity and specificity, as false positive cancer 
surveillance results not only lead to further work-up but also lead to emotional 
distress for the patient as well as decreased compliance rates and follow-up with 
subsequent surveillance exams[33,34]. Additionally, false positive results can expose 
patients to possible harms resulting from superfluous follow-up procedures as well as 
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Table 4 Characteristics of individuals with Lynch syndrome who chose to undergo and/or completed urinary tract cancer surveillance

Surveillance chosen (
n = 58)

Surveillance not 
chosen(n = 97)

P 
value

Surveillance completed 
(n = 32)

Surveillance not 
completed (n = 26)

P 
value

Age (yr), median 
(IQR)

48 (39-60) 40 (32-55) 0.018a 45 (40-61) 50 (37-60) 0.772

Female 37 (64%) 63 (65%) 0.884 26 (81%) 11 (42%) 0.002a

Race 0.431 0.498

White 54 (93%) 85 (88%) 30 (94%) 24 (92%)

Black 1 (2%) 2 (2%) 0 (0%) 1 (4%)

Asian 3 (5%) 4 (4%) 2 (6%) 1 (4%)

Other 0 (0%) 2 (2%) - -

Unknown 0 (0%) 4 (4%) - -

Hispanic ethnicity 0 (0%) 2 (2%) 0.336 - - -

AJ ancestry 3 (5%) 13 (13%) 0.229 3 (9%) 0 (0%) 0.006a

Lynch syndrome 
gene

0.640 0.171

MLH1 8 (14%) 21 (22%) 3 (9%) 5 (19%)

MSH2 or EPCAM 17 (29%) 23 (24%) 9 (28%) 8 (31%)

MSH6 17 (29%) 28 (29%) 13 (41%) 4 (15%)

PMS2 16 (28%) 25 (26%) 7 (22%) 9 (35%)

Personal history of 
cancer

29 (50%) 41 (42%) 0.349 17 (53%) 12 (46 %) 0.597

Family history of 
UTC

15 (26%) 20 (21%) 0.477 11 (34%) 4 (15%) 0.118

Insurance 0.631 0.402

Private 50 (86%) 84 (87%) 29 (91%) 21 (81%)

Medicare 7 (12%) 9 (9%) 3 (9%) 4 (15%)

Medicaid 1 (2%) 4 (4%) 0 (0%) 1 (4%)

Provider

Provider 1 36 (62%) 85 (88%) 0.001a 28 (88%) 8 (31%) 0.000 a

Provider 2 12 (21%) 5 (5%) 2 (6%) 10 (38%)

Provider 3 10 (17%) 7 (7%) 2 (6%) 8 (31%)

aP < 0.05. UTC: Urinary tract cancer; AJ: Ashkenazi Jewish.

additional medical costs related to these procedures. Our data showed that both SIC 
and UTC surveillance had a low PPV, with 24 positive surveillance studies leading to 
the diagnosis of only 1 neoplastic lesion. These data are consistent with a previous 
study of SIC screening in asymptomatic LS patients that observed 13 VCE results 
suspicious for SIC, none of which led to the confirmation of a SIC through follow-up 
testing[20]. While VCE is the most sensitive test for picking up small intestinal 
pathology[15,16], it may have a downside of being less specific, leading to high rates of 
false positive test results that require patients to undergo unnecessary invasive 
procedures. In addition to this observed low specificity, the sensitivity of urine 
cytology in asymptomatic LS patients has also been previously reported to be poor 
(29%)[23]. Effective cancer surveillance should also result in improved survival. With 
only one individual in our study having a surveillance-detected UTC or SIC, we are 
unable to meaningfully comment on the impact of surveillance on cancer survival, 
however at this time it remains unclear if early diagnosis of UTC or SIC leads to higher 
survival rates[7,35]. Together, the low yield and low PPV of SIC and UTC surveillance 
described in this study do not provide support for broad inclusion of SIC and/or UTC 
surveillance in LS management; however, whether this surveillance should be 
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Figure 1 Schematic representation of small intestinal cancer and urinary tract cancer surveillance uptake among individuals with LS. SIC: 
Small intestinal cancer; UTC: Urinary tract cancer; LS: Lynch syndrome.

considered for certain sub-groups of patients with LS will require future larger studies.
The majority of the patients in our cohort chose not to pursue SIC or UTC 

surveillance after having an in-depth discussion with their provider about the risks, 
benefits, and limitations of surveillance. It is likely that this discussion and the 
provider involved influenced the patients’ decision making; accurate risk perception 
has previously been observed to impact LS patients’ behaviors towards cancer 
surveillance[36]. The difference in cancer surveillance behaviors between patients of 
different providers could result from differing manners in which the providers 
discussed surveillance options in an individual’s initial LS management visit. In this 
study, individuals with pathogenic variants in MSH2 or EPCAM chose to pursue SIC 
surveillance more frequently, while older individuals chose to pursue UTC 
surveillance more often. In a study of colorectal cancer survivors with Lynch-like 
syndrome, increased cancer worry was associated with a stronger belief that extra-
colonic cancer surveillance was necessary[37]; perhaps learning of the increased cancer 
risk that comes with age and pathogenic MSH2 or EPCAM variants compelled patients 
in this study to opt for additional surveillance. The observation that individuals with 
MSH2 or EPCAM pathogenic variants were more likely to choose to undergo SIC 
surveillance, but not UTC surveillance, compared to individuals with pathogenic 
variants in other genes may be due to a Type I error or may also be influenced by other 
factors that were not captured in this study. The choice to initially pursue surveillance 
was likely also influenced by other factors not examined in this study. Some 
individuals may have decided to forgo surveillance due to the emotional distress that 
comes with the increased surveillance burden and the requirement to navigate 
potentially challenging health care system infrastructures, factors that have been 
shown to influence other cancer surveillance in LS[36]. Other variables such as 
associated costs and familial obligations may also have affected patient decision 
making. A future prospective study surveying the attitudes and perceptions of 
individuals with LS about low-evidence surveillance tests would be important to help 
answer this question.

The completion rate of SIC and UTC surveillance in this cohort was 41% and 55%, 
respectively, which is higher than a previous study of compliance with UTC 
surveillance in LS finding a rate of 29%[23]. Our increased completion rate may have 
resulted from the in-depth discussion on this surveillance between the patient and 
provider. However, our observed completion rate was lower than the reported 
compliance rate for colonoscopy within the LS population (68-85%)[31,32]. Colorectal 
cancer risk is well-recognized as one of the highest cancer risks in LS, and therefore, 
the lower completion rate compared to colorectal cancer surveillance may be due to 
the individuals’ perception of the decreased risk of extra-colonic cancers[36]. The 
discrepancy could also be due to provider emphasis on the effectiveness of 
colonoscopy to decrease mortality and morbidity. In this study, we observed that 
providers may influence an individual’s choices towards SIC and UTC surveillance, 
both in terms of choosing to undergo surveillance and completing surveillance. 
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Additionally, we found completion of SIC surveillance was more frequent among 
older individuals, and completion of UTC surveillance was more frequent among 
those of female sex and Ashkenazi Jewish ancestry. These findings present a contrast 
to another study of a LS cohort which observed that cancer surveillance completion 
was associated with younger age[38]. This other study also ascertained that 
surveillance completion was influenced by occupation status, a factor not captured by 
this study. Other unexamined factors could have played a role in surveillance 
completion, as well; for instance, the completion of surveillance may have been put on 
hold due to the management of other ongoing health issues.

Considering the limited information available on the effectiveness of SIC and UTC 
surveillance in LS, which was further obfuscated by the findings of this study, we do 
not believe that SIC and UTC surveillance should be broadly performed in all 
individuals with LS. Instead, we advocate for the individualized incorporation of these 
surveillance methods in a patient-dependent manner after a detailed discussion of the 
risks, limitations, benefits, and uncertainties. A larger prospective study would be 
better equipped to assess the true benefits and risks of SIC and UTC surveillance as 
well as to understand patients’ interest in and concerns with extra-colonic surveillance. 
Additionally, the low PPV of the surveillance methods observed in this study 
emphasize the need for further research on the cost of this surveillance and the effect 
of early detection of SIC and UTC on patient morbidity and mortality. Qualitative 
studies could also elucidate patient perspectives as individuals with LS may have 
negative psychological effects if multiple extra-colonic cancer surveillance studies are 
incorporated into their management.

Limitations of this study include that the LS cohort is from a single tertiary care 
center and lacks racial diversity; therefore, the results observed may not be repres-
entative of more geographically and racially diverse cohorts. Another limitation is that 
individuals may have completed SIC or UTC surveillance outside of our medical 
center, with these completed surveillance tests neither appearing in the individual’s 
electronic medical record nor being captured by this study. Finally, this study has a 
relatively small sample size, which may prevent recognition of other significant associ-
ations.

CONCLUSION
This cohort study describes outcomes of SIC and UTC surveillance in LS and identifies 
factors influencing the SIC and UTC surveillance practices of individuals with LS. This 
study highlights problems with incorporation of SIC and UTC surveillance into LS 
care, as illustrated by the low PPV and low overall yields of these tests. The study also 
shows that the pursuit and completion of these surveillance examinations may depend 
on the affected individual's age, sex, genotype, and provider; however at this time, 
there is insufficient evidence to support widespread use of SIC/UTC surveillance in all 
individuals with LS. Further large-scale studies on SIC and UTC surveillance are 
needed to better understand the utility of available surveillance tests as well as their 
cost effectiveness and impact on patient survival.

ARTICLE HIGHLIGHTS
Research background
Lynch syndrome (LS) is an autosomal dominant cancer predisposition syndrome 
resulting from a disease-causing variant in the MLH1, MSH2, MSH6, PMS2, or EPCAM 
gene. LS is primarily associated with increased colorectal and endometrial cancer risk, 
but it is also associated with increased risk of small intestinal cancer (SIC) and urinary 
tract cancer (UTC). Cancer surveillance management for SIC and UTC has yet to be 
standardized for LS patients due to a lack of proven efficacy for current surveillance 
methods, and data regarding provider and patient interest in the current SIC and UTC 
surveillance methods are also lacking.

Research motivation
This study was interested in describing the efficacy and impact of completed SIC and 
UTC surveillance exams in a cohort of 317 LS patients. In addition, we were interested 
in patients’ decisions about whether to pursue surveillance despite the limited 
evidence on efficacy and varying guideline recommendations and whether these 
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individuals successfully completed surveillance.

Research objectives
To characterize the uptake and outcomes of SIC and UTC surveillance among LS 
patients at a tertiary care referral center. We intended to analyze the factors 
influencing individuals' surveillance behaviors and to calculate the yield of completed 
surveillance exams.

Research methods
This was a retrospective study of individuals with LS seen at a tertiary care referral 
center. Information regarding SIC and UTC surveillance was captured for each 
individual. Additional demographic information and medical history was collected for 
individuals who had an initial LS management visit in our center’s dedicated high-risk 
LS clinic between January 1, 2017 and October 29, 2020 to allow for analysis of 
individuals' behaviors after engaging in an in-depth conversation regarding 
surveillance with a provider in the clinic. Statistical analysis using Pearson’s chi-
squared test and Wilcoxon rank-sum test was completed, and a P value below 0.05 
was deemed statistically significant.

Research results
Of the 317 individuals with LS in our cohort, 27% underwent a total of 105 SIC 
surveillance exams, and 31% underwent a total of 303 UTC surveillance exams. Each 
surveillance method was found to have a low positive predictive value and yield. A 
single UTC was diagnosed, and 0 SICs were diagnosed. Of 155 individuals who had an 
initial LS management visit between January 1, 2017 and October 29, 2020, a minority 
of individuals chose to undergo either SIC (41%) or UTC (37%) surveillance. Only 41% 
of individuals completed SIC surveillance, and 55% completed UTC surveillance when 
ordered. Several factors were found to be significantly associated with surveillance 
pursuit and completion, including age, sex, genotype, and provider.

Research conclusions
This study observed a low positive predictive value and yield for completed SIC and 
UTC surveillance exams, and after an in-depth conversation on the limitations and 
benefits of SIC and UTC surveillance, there was limited interest for this surveillance 
among individuals with LS. At this time, there continues to be insufficient evidence to 
support widespread SIC and UTC surveillance in LS.

Research perspectives
This study highlights the need for further research in SIC and UTC surveillance in LS. 
More data is needed on the cost of SIC and UTC surveillance and the effect of early 
detection of SIC and UTC on patient morbidity and mortality. Qualitative studies are 
also needed to elucidate patient perspectives regarding the addition of low-evidence 
surveillance exams to their cancer surveillance management.
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