
Abstract. Lynch syndrome (LS) patients with isolated
PMS2 loss in the colon cancer, while intact MMR in the
prostate cancer, are exceedingly rare. Herein, we report such
a case. A 71-year-old male was found to have increased
serum PSA (10 ng/ml) after treatment for his urinary tract
infection. Prostate biopsies showed foci of prostate cancer
with Gleason score 7 (3+4) (grade grope 2) involving 10%
of two cores. Through work up for treatment of the prostate
cancer, he was found to have focal thickening of his sigmoid
colon with adjacent lymphadenopathy in CT scans. Colon
biopsy showed a tubular adenoma with high-grade dysplasia
and deep invasive carcinoma could not be excluded. A low
anterior resection of the rectosigmoid colon was performed
and a sigmoid colon adenocarcinoma (pT2N1b, AJCC 8th
edition) was confirmed. Immunostaining showed that the
colon cancer was positive for CDX2, SATB2, had a loss of
PMS2 and intact expression of MLH1, MSH2 and MSH6,
negative for AMACR, while the prostate cancer was positive
for AMACR, had intact expression of PMS2, MLH1, MSH2
and MSH6, and negative for CDX2 and SATB2. MSI-H
phenotype and PMS2 mutation in the colon cancer were
confirmed by microsatellite instability (MSI) PCR and next-
generation sequencing (NGS), respectively. Through genetic
counseling and analysis of the family pedigree, LS was
confirmed with colon cancer present in multiple maternal

family members and his brother also had metachronous
colon and prostate cancers. To the best of our knowledge,
this is the first documented case of synchronous colon and
prostate cancers, with isolated PMS2 loss present in the
colon cancer while intact DNA mismatch repair (MMR)
protein expressions present in the prostate cancer, in the
English literature. The pathogenesis, diagnosis and
prognosis of this entity are discussed. 

Although colorectal carcinoma (CRC) and prostate cancer are
two common malignancies in males (1), synchronous primary
prostate cancer and CRC are rarely reported in the English
literature. Overall, 2-5% of the CRCs are seen in patients
with Lynch syndrome (LS), that is characterized by clustering
of familial colorectal and extracolonic tumors. LS is caused
by deleterious mutations in one of the mismatch repair
(MMR) genes MLH1, MSH2, MSH6, and PMS2. Germline
mutations in MMR genes result in carcinomas marked by the
presence of microsatellite instability and loss of expression
of one or more MMR proteins are the hallmarks of this
carcinomas (2, 3). Universal screening for LS using
immunohistochemical analysis of the four MMR proteins,
coupled with analysis of MLH1 promoter methylation and
BRAF mutation for the detection of sporadic MMR
deficiency, was recently proposed for all patients newly
diagnosed with colorectal cancer (CRC) and adopted in major
cancer centers in the USA (4). However, isolated loss of
PMS2 expression by immunohistochemistry (IHC) is rarely
reported in CRCs, accounting for approximately 4% of all
cases with microsatellite instability (5). The clinical
consequences of isolated loss of PMS2 through germline
mutations are poorly understood compared to other Lynch-
associated MMR gene mutations (6, 7).

In this report, we describe a 71-year-old Caucasian male
with synchronous prostate carcinoma and CRC with isolated
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loss of PMS2 in his sigmoid colon cancer, but intact PMS2
expression present in his prostate cancer. Genetic counseling
and analysis of the family pedigree were performed. The
literature was reviewed and the pathogenesis and prognosis
of this entity are discussed.

Case Presentation

A 71-year-old Caucasian male who presented with lower
urinary infection treated with Flomax and showed great
improvement was referred for prostate biopsy due to a recent
increase in the levels of PSA (10 ng/ml). The patient’s
medical and social history was significant for cardiac artery
disease, diabetes mellitus, hypertension, hyperlipidemia and
syncope. The patient had a 40 pack/year smoking history and
quit about 37 years ago. His brother and mother had a
history of colon carcinoma. His paternal ancestry was Irish
and maternal ancestry Portuguese Irish. 

Twelve core needle biopsies from lateral base, lateral mid,
lateral apex, apex, mid, and base were performed from the
bilateral sites of prostate. Two foci involved by prostate
adenocarcinoma, Gleason score 7 (3+4) (grade group 2)
involving 10% of each tissue core were present in the
histological diagnosis. The patient was leaning towards
considering either robotic prostatectomy or radiation therapy.
Workup was performed which would make surgery a better
option than radiation. The imaging results from CT scans
showed left iliac adenopathy and a possible sigmoid colonic
lesion (Figure 1A). A colonoscopy was performed and a 3-
cm polypoid lesion was identified in the sigmoid colon (30
cm from the anal verge) (Figure 1B). The biopsy showed
tubulovillous adenoma with high-grade dysplasia and focal

area indicative of submucosal invasion. Due to the favorable
intermediate prostate adenocarcinoma, the patient was
referred to surgical oncology for further treatment of his
colon tumor. The patient underwent a laparoscopic anterior
resection of the rectosigmoid colon. The specimen was sent
to surgical pathology for histology assessment.

Pathology and Molecular Tests

Grossly, the specimen consisted of a 15 cm in length and 3
cm in diameter segment of rectosigmoid colon. Opening of
the bowel, there was a 2.9×1.2×0.5 cm tan-pink, granular
tumor with rolled and raised edges. The mesorectum was
intact. The mucosa was retracted surrounding the tumor and
the tumor appeared to focally involve the muscularis propria.
The tumor was 5.9 cm from the open margin, 7.1 cm from
the stapled margin, 3.5 cm from the mesenteric margin, and
0.2 cm from the serosa. Additionally, there were several
diverticula identified which were up to 1.1 cm in the greatest
dimension. Sections of the tumor, margins and lymph nodes
were submitted for microscopical examination. In histology,
the tumor showed low-grade intestinal type of adeno -
carcinoma with 10% of mucin components, marked tumor
infiltrating lymphocytes and peritumoral Crohn-like
lymphocytic response. Two of the 15 lymph nodes were
positive for metastatic colon adenocarcinoma. Margins were
uninvolved by carcinoma. The colon adenocarcinoma was
morphologically different to the adenocarcinoma from the
prostate (Figure 2). Immunostaining was performed and the
colon tumor cells were positive for CDX2 and SATB2,
negative for AMACR, in contrast the tumor cells of the
prostate cancer were positive for AMACR and negative for
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Figure 1. A, Post contrast CT scan showing focal sigmoid colon thickening and adjacent lymphadenopathy (arrows); B, Colonoscopy showing a 3 cm
polypoid mass (arrows) present in the sigmoid colon.



CDX2 and SATB2. The colon adenocarcinoma showed loss
of PMS2 and normal expression of MLH1, MSH2 and
MSH6, while the prostate cancer showed normal expression
of PMS2, MLH1 (Figure 2), MSH2 and MSH6. The final
diagnosis of the sigmoid colon tumor was adenocarcinoma,

low grade, with a tumor stage of pT2N1b (AJCC 8th
Edition) and disease stage IIIA.

Molecular testing of the colon cancer showed that the
tumor exhibited microsatellite instability in more than 30%
of the microsatellite repeats tested. MSI was observed with
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Figure 2. H&E sections showing the histology of prostate cancer and intestinal type of colonic adenocarcinoma and comparison of the
immunoreactivities of PMS2 and MLH1 (all, 400×).



markers including BAT25, BAT26, NR-21, NR-24, and
MONO-27. These results indicate loss of normal DNA
mismatch repair function within the tumor. 

Next generation sequencing (NGS) was performed in the
colon cancer. Mutations in PMS2 (c.7C>T p.Arg3Ter), NRAS
(c.182A>G p.Q61R) and TP53 (c.817C>T p.R273C) were
present in the cancer cells. Mutations in other genes
including NF1, NOTCH1, PHF6, U2AF2, SMAD4, DDR2,
FBXW7, ALK, ASXL1 and MYH11 were also present.  

Follow-up and Genetic Counseling
The patient recovered well from the surgery and was
scheduled for chemotherapy for colon cancer and radiation
therapy for his prostate cancer. At the six-month follow up,
no significant abnormal imaging findings were identified in
his prostate. No lesions or masses were identified in
colonoscopy. A biopsy made from the anastomosis showed
mild active colitis with no tumor recurrence identified. No
metastatic masses were identified in the imaging findings.

The genetic counselling and cancer gene tests including the
next generation sequencing and deletion/duplication analysis

were performed. Through this analysis, deletion of exon 10
in the PMS2 gene was identified, which is a pathological
mutation. Another variant of unknown significance in POLD1
c.521G>A (p.Arg174GIn) was also detected. The pathological
PMS2 mutation caused the hereditary cancer syndrome LS
and increased his chance of developing colorectal cancer at
the age of 71 years, and also in his bother at the age of 69
years and his two maternal uncles at the ages of 51 and 60
years respectively (Figure 3). His brother also had prostate
cancer at the age of 72 years. No carcinomas were identified
in the rest of known family members.

Discussion
Isolated loss of PMS2 expression by IHC is a rare finding in
CRCs, accounting for approximately 4% of all cases with
microsatellite instability (5, 8). The most common molecular
alteration found in such cases is a germline mutation in the
PMS2 gene. Lynch syndrome caused by PMS2 mutations is
known to have some unusual clinical features (6-8). The
patients have an increased risk of developing a variety of
different cancers, including colon, endometrial, pancreatic,
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Figure 3. Family pedigree made through cancer gene tests and genetic counseling. The patient had synchronous colon and prostate cancers at 70
years of age, his brother had colon cancer at the age of 69 and prostate cancer at the age of 72, two of his maternal uncles had colon cancer at
ages 51 and 60, respectively.



gastric adenocarcinoma, urothelial and thyroid carcinoma.
Lynch syndrome patients with an isolated PMS2 mutation
not only have a lower lifetime risk of CRC (~10-20% by age
70) compared to patients with MLH1 or MSH2 mutations
(~40-50% by age 70), but the risk of developing extra-
colonic tumors also appears lower than in patients with
mutations in other mismatch repair (MMR) genes (6). In the
present case, the patient was diagnosed to have a prostate
cancer due to an increase in PSA after treatment of urinary
tract infection and his colon cancer was diagnosed during the
workup for treatment of prostate cancer at the age of 71.
Colon cancer was present in the family history in multiple
family members from his maternal site, identified through
genetic counseling and the family pedigree analysis. Prostate
cancer was also found in his brother’s history, but no other
cancers were identified in the family history. 

Synchronous cancers are defined as two or more primary
cancers diagnosed in the same patient at the same time or
within 6 months of each diagnosis (9, 10). Our patient is a
unique case who had synchronous colon and prostate cancer
at the age of 71. Prostate cancer present in Lynch patients is
not commonly reported (11). However, a recent study by Kerr
et al. showed that in men with Lynch syndrome, 1 of 4 (25%)
was diagnosed to have prostate cancer (12). The index case
with Lynch syndrome harbors a heterozygous mutation in the
mismatch repair MSH6 gene. Near to complete loss of MSH6
immunoreactivity in the prostate cancer supports silencing of
the remaining MSH6 allele during prostate carcinogenesis
(12). In our case, MSH6 immunoreactivity was intact. To the
best of our knowledge, isolated PMS2 loss in prostate cancer
has not been reported in the English literature. In the present
case, we found that isolated PMS2 loss was only present in
the colon cancer while intact PMS2 expression was present in
his prostate cancer. His prostate cancer may not have been
associated with Lynch syndrome. Interestingly, the patient’s
brother also had colon cancer at 69 years of age and prostate
cancer at the age of 72. However, we were not able to obtain
the samples from his brother’s colon and prostate cancers for
MMR IHC/MSI PCR and NGS tests. 

Because of the lower likelihood of tumor development in
these patients, clinically detecting and managing families
with PMS2 mutations has proven difficult (7, 13). IHC
screening of CRCs for loss of MMR proteins therefore plays
an important role in identifying families with PMS2
mutations. The MSI-PCR must be used in the appropriate
clinicopathological setting and complemented by
immunohistochemistry for mismatch repair (MMR) gene
products. Results of this test should be interpreted on the
basis of studies published about the influence of MSI on
colorectal cancer development and prognosis. MSI is present
in the great majority of tumors from patients with hereditary
nonpolyposis colorectal cancer (HNPCC). Thus, the absence
of MSI makes an HNPCC diagnosis very unlikely. However,

MSI can also occur in patients who do not have HNPCC, but
instead have sporadic, non-familial cancer. Approximately
15% of sporadic colon cancer cases have MSI. In the present
case, the morphology of colon cancer showed marked tumor
infiltrating lymphocytes, peritumoral Crohn-like lymphocytic
response and mucinous components supporting the
possibility of MMR/MSI deficient CRC. MMR IHC showed
isolated loss of PMS2. However, CRCs with isolated loss of
PMS2 expression by IHC could appear to be molecularly
heterogeneous. In this case, our MSI also confirmed the
MSI-H phenotype and further molecular cancer gene tests by
NGS showed the exon 10 PMS2 mutation. Through a genetic
counseling, the patient had Lynch syndrome and colon
cancer was present in multiple family members.

Since the clinical consequences of isolated loss of PMS2 are
poorly understood as compared with other Lynch-associated
MMR gene mutations (6), the exact prognosis is still unknown.
In addition, mutations in other genes such as POLD1 were also
identified in this case and had unknown clinical significance.
Our patient was followed-up for 6 months with no tumor
recurrence and metastasis. He is going to have close follow-ups
and his family members are aware of this entity for surveillance
of colorectal cancer and other associated malignancies. 

In summary, we report the first case of Lynch syndrome
patient who had synchronous sigmoid colon and prostate
cancers at 71 years of age. Our case is unique, as he had
isolated loss of PMS2 in the colon cancer while intact
expression of PMS2, MSH6, MLH1 and MSH2 in his
prostate cancer. MSI-H phenotype and PMS2 mutation were
also present in the colon cancer. Genetic counseling revealed
that his brother also had colon cancer at the age of 69 and
prostate cancer at the age of 72 as well as multiple maternal
relatives with a history of colon cancer. The clinical
consequences of an isolated PMS2 mutation are so far poorly
understood compared to other Lynch-associated MMR gene
mutations. Our patient is in regular follow-up and his family
members are aware of this entity for surveillance of
colorectal cancer and other associated malignancies.
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