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ABSTRACT

The most common genetic and molecular process leading to sporadic colorectal cancer is chromosomal instability. By contrast,
mismatch repair deficiency, which results in high levels of microsatellite instability or lack of mismatch repair (MMR) protein
expression on immunohistochemistry (IHC), is the predominant cancer pathway in patients with Lynch syndrome (LS). Impor-
tantly, patients with LSmay still develop sporadic tumors through chromosomal instability. Testing tumors with IHC staining helps
expand the spectrum of LS-related tumors. In this series, we describe 4 cancers in patients with LS that are not typical of the
syndrome. Lack of MMR protein expression on IHC staining confirmed that 2 cancers are related to LS, expanding the spectrum of
LS-related tumors, and the presence of MMR protein expression on IHC in the other 2 cases confirmed that they were sporadic and
not related to mismatch repair deficiency and, thus, not related to LS.

INTRODUCTION

Lynch syndrome (LS), themost commonhereditary cancer syndrome, is caused by germline pathogenic variants (PVs) in 1 of several
DNAmismatch repair (MMR) genes—MLH1,MSH2,MSH6, and PMS2. Patients with LS have amarkedly increased lifetime risk of
colorectal and endometrial cancer and a lesser risk of known extracolonic LS-associated cancers, including gastric, small bowel,
pancreatic, and urothelial carcinomas.1 On amolecular level, tumors associated with LS show high levels of microsatellite instability
(MSI) and loss of expression of the affectedMMR proteins by immunohistochemistry (IHC).2With the widespread interrogation of
tumors for evidence of mismatch repair deficiency (MMRd), application of MSI polymerase chain reaction, and MMR IHC, which
are both prognostic and guide therapy, tumors not previously included in the LS tumor spectrum are being discovered. In this case
series, we describe 4 cancers (2 tumors are secondary to a deficiency inMMR and 2 are sporadic, withoutMMRd). The 2withMMRd
have either been rarely or never reported in patientswith LS and highlight the utility of IHC staining in identifying LS-related tumors.

Figure 1. (A) Endoscopic image of distal esophageal nodule, (B) invasive esophageal adenocarcinoma (hematoxylin and eosin stain, 1003
magnification), and (C) absence of nuclearMSH2 protein expression in the invasive esophageal adenocarcinoma with retained expression in
background stromal cells (MSH2 stain, 1003 magnification).
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CASE REPORT 1

Patient 1: Esophageal adenocarcinoma: A 56-year-old
White womanwith LS due to aMSH2 PVhad a personal history
ofmelanoma, basal cell carcinoma, sebaceous adenocarcinoma,
and Barrett’s esophagus (BE). She was under esophagogas-
troduodenoscopy (EGD) surveillance for LS. Her family history
was significant for colon and breast cancer. An EGD 16months
after her previous EGD revealed a 12-mm nodule above the
gastroesophageal junction. Endoscopic resection revealed stage
1 esophageal adenocarcinoma, ie, MSI-H with loss of MSH2
protein expression by IHC (Figure 1).

CASE REPORT 2

Patient 2: Gastric neuroendocrine tumor: A 67-year-old
Whitemanwith LS due to aMSH2 PV had a personal history of
papillary urothelial carcinoma and gastric fundic gland poly-
posis. His family history was significant for colon and breast
cancer. An EGD 1 year after his previous EGD revealed an 8-
mmpolyp in a background of fundic gland polyposis (Figure 2).
The polyp was resected and confirmed to be a type 3 gastric
neuroendocrine tumor, ie, MSI-H with loss of MSH2 protein
expression on IHC (Figure 2).

CASE REPORT 3

Patient 3: Small bowel neuroendocrine tumor: A62-year-old
WhitewomanwithLSdue to aMSH2PVhadapersonal history of

endometrial cancer and 2 discrete metachronous colon cancers,
for which she underwent partial bowel resections. Her family
history was significant for colon and endometrial cancer. Sur-
veillance colonoscopy revealed a small nodule on the ileal aspect of
the ileocolic anastomosis. Resection of the nodule revealed
a stage 1well-differentiated neuroendocrine tumor (Figure 3) IHC
revealed retention of MSH2 protein expression (Figure 3).

CASE REPORT 4

Patient 4:Salivaryduct carcinomaexpleomorphic adenoma:
A 43-year-old White man with LS due to a MSH2 PV had no
personal history of cancer. His family history was significant for
colon cancer in his father.A right parotid glandmasswas resected
and revealed a stage 4a salivary duct carcinoma ex pleomorphic
adenomawithmultilevel ipsilateral cervicalmetastases (Figure 4).
IHC revealed retention of MSH2 protein expression (Figure 4).
This was the first of several cancer diagnoses, including bladder
urothelial, prostate, keratoacanthomas (32), sebaceous adeno-
carcinoma, and numerous cutaneous basal and squamous cell
carcinomas. Muir-Torre syndrome is the moniker given to pa-
tients with LS and sebaceous gland neoplasms (Figures 3 and 4).

DISCUSSION

This case series adds to the literature by expanding the LS-
associated tumor spectrum and highlights the utility of lack of
MMR protein expression on IHC staining to identify tumors

Figure 2. (A) Narrow band image of proximal gastric polyp, (B) gastric well-differentiated neuroendocrine tumor (hematoxylin and eosin stain,
1003 magnification), and (C) absence of nuclear MSH2 protein expression in the well-differentiated neuroendocrine tumor with retained
expression in the overlying benign gastric mucosa (MSH2 stain, 1003 magnification).

Figure 3. (A) Microscopic focus of well-differentiated neuroendocrine tumor at an ileal anastomosis (hematoxylin and eosin stain, 2003magni-
fication) and (B) retained MSH2 nuclear protein expression in the well-differentiated neuroendocrine tumor (MSH2 stain, 2003magnification).
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with evidence of MMRd, which may alert the clinician to the
possibility of LS. Alternatively,MMR protein expression on IHC
staining is not suggestive of genesis through MMRd and most
likely represents sporadic cancers, which also occur in patients
with LS. Only 2 cases of esophageal cancer in patients with LS
have beenpreviouslydescribed.Both tumorsoccurred inpatients
with aMSH2PVand lackedprotein expressionofMSH2on IHC.
Theadenocarcinomas inboth cases appearedas a polypoid lesion
in the proximal esophagus and were presumed to arise from
gastric heterotopia.3,4 Our case of esophageal adenocarcinoma
originated from Barrett’s esophagus in the distal esophagus. No
previous studies have described Barrett’s esophagus–related
esophageal cancer in LS.

Neuroendocrine tumors (NET) have been reported in various
locations within the gastrointestinal tract in patients with LS,
although their overall prevalence is low. To date, there are only 8
published reports of NET occurring in LS, including 2 in the
pancreas,5,6 2 in the colon,7 1 in the rectum,7 and 3 in the small
bowel.8 The abnormal MMR protein expression on IHC of the
NETs in the colon, rectum, and in 1 pancreatic tumor was con-
sistent with their germline PV.6–8 One patient with a pancreatic
NET that lacked protein expression of MSH2 on IHC did not
have germline PV testing but had a family history fulfilling the
revised Bethesda Guidelines and a personal history of both co-
lonic and endometrial carcinomas that lacked protein expression
ofMSH2 on IHC. To the best of our knowledge, the gastric NET
presented here is the first reported case related to LS. Our case of
an ileal NET did not develop through theMSI pathway based on
the normal MSH2 protein expression on IHC.

The interrogation of tumors by MSI polymerase chain re-
action and MMR protein expression by IHC is important for
many reasons. When there is evidence of MSI-H or lack of
MMR protein expression, it should raise the suspicion of LS
and guide which patients should undergo additional genetic
evaluation and consideration of germline testing for PV in the
MMR genes. Their utility also extends to expanding the tumor
spectrum in LS. Moreover, the identification ofMSI-H tumors
provides prognostic information and guides therapeutic
choices in patients who harbor these cancers. Familiarity in

these concepts is important for gastroenterologists, surgeons,
oncologists, and pathologists.
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Figure 4. (A) Salivary duct carcinoma ex pleomorphic adenoma (hematoxylin and eosin stain, 1003magnification) and (B) retained MSH2
nuclear protein expression in the salivary duct carcinoma ex pleomorphic adenoma (MSH2 stain, 1003 magnification).
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