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Introduction

Lynch syndrome is an inherited cancer-susceptibility disorder caused by pathogenic germline variants in DNA mismatch repair (MMR) 
genes, including MLH1, MSH2, MSH6, and PMS2. Historically known as hereditary nonpolyposis colorectal cancer, this syndrome 
is associated with increased risk for a multitude of cancers, including colorectal, endometrial, ovarian, small bowel, urothelium, biliary 
tract, and stomach (1–3). Lynch syndrome affects 1 in 279 individuals, and is more common than Hereditary Breast and Ovarian Cancer 
Syndrome caused by BRCA1 and BRCA2 mutations (4, 5). Lynch syndrome is also inherited in an autosomal dominant fashion. Recent 
studies have suggested that breast cancer may be included in the spectrum of Lynch syndrome-associated cancers, but the evidence is 
controversial. Cohort studies have found significantly increased age-specific incidence rate ratios of breast cancer in Lynch patients (6, 7). 
Case series have also shown high prevalence of breast cancer in Lynch populations, with earlier age of diagnosis compared to the general 
population (8). Investigators have looked at microsatellite instability, immunohistochemistry and mismatch repair gene deficiency in 
breast cancers of Lynch syndrome patients, suggesting that patients with Lynch syndrome are more likely to exhibit microsatellite instabil-
ity and MMR protein loss compared with sporadic breast cancers (9–11). However, other studies show no association and recommend 
that increased surveillance is not indicated for Lynch syndrome patients (1, 12, 13). 

Multigene panel testing has provided new insight, suggesting that individuals with MSH6 and PMS2 mutations may have a higher risk 
for breast cancer (14, 15).  A case-control study published by Couch showed that only MSH6 mutations were  associated with a statisti-
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ABSTRACT

Objective: Lynch syndrome is an inherited genetic disorder associated with a predisposition to early-onset colorectal and endometrial cancers, but breast 
cancer risk in these patients is debated. The aim of this study is to evaluate breast cancer rates in a cohort of Lynch syndrome patients, as well as to identify 
women who may be eligible for additional breast cancer specific genetic testing or enhanced breast surveillance (contrast-enhanced magnetic resonance 
imaging (MRI) screening).

Materials and Methods: Using a hereditary colorectal cancer registry at a single academic institution for identification of patients with Lynch syn-
drome, a retrospective chart review was performed of 188 women with DNA mismatch repair (MMR) mutations. The Tyrer-Cuzick model was used to 
estimate breast cancer risk in patients without breast cancer.  

Results: The prevalence of breast cancer differed based on mutation type (p=0.0043), as 27% of women with a PMS2 mutation were diagnosed with 
breast cancer, compared to 3%, 4%, and 9% in MLH1, MSH2, and MSH6 patients. The average age at diagnosis for women with a PMS2 mutation was 
46.7 years. Additionally, 7.5% of unaffected women had an estimated lifetime risk of breast cancer greater than 20%.  46/188 (24.4%) of patients were 
eligible for breast specific genetic testing.  

Conclusion: Our analysis suggests that Lynch syndrome patients with PMS2 mutations may be at higher risk of developing breast cancer.  Additionally, 
the personal and family history of cancer suggests crossover in eligibility for breast specific genetic testing in a significant number of patients (16.5-24.4%).  
Also, many women are eligible for enhanced breast surveillance (7.5%) which would otherwise not be offered.
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cally significantly increased risk for breast cancer with an OR of 1.93 
(1.16-3.27) and PMS2 mutations were not associated with increased 
risk (13).  

Conflicting studies have made it difficult to assess breast cancer risk 
in Lynch syndrome patients, and the possible mechanistic association 
between Lynch syndrome and breast cancer remains unclear. How-
ever, studies have not evaluated whether or not these patients are be-
ing offered appropriate surveillance and risk reducing measures based 
on tools used clinically to evaluate women for breast cancer risk. This 
study aims to address this question, as well as adding to the body of 
existing literature by assessing breast cancer rates by gene in our co-
hort. Utilizing hereditary colorectal cancer registry at a single academic 
institution, a cohort of 188 women with MMR mutations was identi-
fied. This cohort was examined for breast cancer prevalence based on 
mutation type, as well as qualification for breast-specific genetic testing 
and enhanced breast surveillance utilizing current national guidelines 
and clinically available risk assessment tools. 

Materials and Methods

Study population
The hereditary colorectal cancer registry at a single academic institu-
tion was used to identify women who were above age 18 with germline 
MMR variants. Informed consent was obtained from patients at the 
time of enrolment in the registry. Institutional review board commit-
tee approval was obtained for the study. Retrospective chart review was 
performed utilizing the electronic medical record to select women with 
breast cancer from this population and extract demographic informa-
tion, breast cancer characteristics, and personal and family history of 
other cancers. 107
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Key Points

•	 The link between breast cancer and Lynch syndrome has been de-
bated in the literature, however no studies have looked at appro-
priate surveillance and risk-reducing methods in Lynch syndrome 
patients. 

•	 In this cohort, patients with PMS2 mutations had a significantly 
higher prevalence of breast cancer compared with other mutation 
types.

•	 Many Lynch syndrome patients qualify for breast-specific genetic 
testing, and 7.5% of patients without breast cancer in this study 
qualified for enhanced surveillance for breast cancer. We may be 
missing an opportunity to fully screen and reduce risk in this pa-
tient population.

Table 1. Mismatch repair gene distribution and characteristics in the Lynch syndrome cohort

	 MLH1	 MSH2	 MSH6	 PMS2

Cohort size	 58	 70	 34	 26

Race (% white)	 94.8	 90	 100	 92.3

Age (mean±SD)	 51.8±15.8	 54.7±12.8	 54.2±14.0	 53.8±12.5

SD: standard deviation

Figure 3. Percentage of women who qualified for breast-specific 
genetic testing, based on NCCN guidelines (v 2.2019). There were 
not significant differences between mutation type (p>0.05) 

Figure 2. Percentage of women who had a family history of breast 
cancer, including first- and second-degree relatives. There were not 
significant differences between mutation type (p>0.05)

Figure 1. Percentage of women diagnosed with breast cancer by 
mutation type. 27% of PMS2 mutation carriers were diagnosed 
with breast cancer, which was greater than other mutation types 
(p=0.0043)



Statistical analysis
Breast cancer risk estimations were run using the Tyrer-Cuzick model 
(v8) (16). The National Comprehensive Cancer Network (NCCN) 
Practice Guidelines-Genetic/Familial High-Risk Assessment: Breast 
and Ovarian, version 2.2019 was used to identify women eligible for 
breast-specific genetic testing (17). Descriptive statistical analyses were 
conducted separately for MLH1, MSH2, MSH6, and PMS2 genes. 
Statistical tests were performed using RProject (R Foundation for 
Statistical Computing, Vienna, Austria) (18). Nominal variables were 
assessed using 2-tailed chi-squared analyses or Fisher’s exact analyses. 

Results

The series included 188 women with Lynch syndrome.  It included 
women with pathogenic variants in MLH1 (n=58), MSH2 (n=70), 
MSH6 (n=34), and PMS2 (n=26; Table 1). Of the 188 women, 16 had 
a previous diagnosis of breast cancer at the time of the study. Of the 
26 women with PMS2 mutations, 27% had a history of breast cancer 
which was significantly greater than women with other mutation types 
(p=0.0043, Figure 1). Women with PMS2 mutations who developed 
breast cancer had an average age of diagnosis of 46.7 years old. Overall, 
39.3% of the study population had a family history of breast cancer, 
incorporating first- and second-degree relatives (Figure 2). 

Of the 172 Lynch syndrome patients without a previous diagnosis of 
breast cancer, 7.5% had an estimated lifetime risk of breast cancer (us-
ing the Tyrer-Cuzick model v8) greater than 20%, meeting criteria 
for screening breast magnetic resonance imaging (MRI) per NCCN, 
American Cancer Society, and American College of Radiology guide-
lines (17, 19, 20). 

Patients who qualified for breast-specific genetic testing were identified 
using NCCN Practice Guidelines (17). Overall, 24.4% of all Lynch 
syndrome mutation carriers were eligible for breast specific testing 
(Figure 3). As pancreatic cancer and ovarian cancer overlap between 
the two syndromes, when excluding patients who only met criteria 
based on a personal or family history of these cancers, 16.5% met 
criteria for breast specific genetic testing. 

Discussion

This study examined the association between Lynch syndrome muta-
tion type and breast cancer, evaluated women with Lynch syndrome 
for their estimated lifetime risk of breast cancer development, and de-
termined eligibility for breast-specific genetic testing. We found that 
the prevalence of breast cancer in PMS2 mutation carriers was signifi-
cantly higher in this cohort when compared to other mutation types. 
With regard to family history of breast cancer, 57.7% of women with 
PMS2 mutations had a first- or second-degree relative diagnosed with 
breast cancer. Other studies have found a similar association (14, 21). 
We also found that these women were diagnosed with breast cancer 
at an average age of 46.7 years old, which is younger than that of the 
general population (22). This topic warrants future study with larger 
diverse multicentre cohorts of patients with Lynch syndrome studied 
prospectively, as breast cancer is a common disease and current data 
come mainly from Caucasian populations. 

Many women with Lynch syndrome qualified for breast-specific genet-
ic testing by NCCN guidelines, and 7.5% of women without breast 
cancer were eligible for enhanced surveillance based on the Tyrer-
Cuzick risk assessment tool. This presents significant implications for 
carrier identification and screening. Patients with Lynch syndrome are 

typically not routinely assessed for breast cancer risk in a clinical set-
ting. However, many of these women may be eligible for screening 
MRI surveillance or other opportunities for breast cancer risk reduc-
tion. We may be missing an opportunity to fully assess cancer risk in 
these patients, which impacts screening and risk reduction strategies. 

This study utilized a comprehensive registry with a large population 
of Lynch mutation carriers. There are some limitations, including that 
groups were compared without a population control, which limits the 
inferences that can be made about Lynch syndrome and breast cancer 
risk compared to that of the general population. The registry may have 
also included related families or family members, which was not ac-
counted for in this study. Future directions include looking at the pa-
thology of breast cancers with Lynch syndrome to examine the frequen-
cy of microsatellite instability (which may be important therapeutically) 
(23),  immunohistochemistry and others, in order to determine if breast 
cancers in Lynch syndrome patients have specific pathologic features, 
further supporting the hypothesis of a genetic association and possible 
causation. Further, cancer specific risks for Lynch syndrome patients, 
including that for breast cancer, need to be clarified. 
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