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1 | INTRODUCTION

Lynch syndrome is the most common hereditary can-
cer syndrome caused by the following pathogenic germ-
line variants of the DNA mismatch repair genes: MLH1,
MSH2, MSH6, or PMS2."? Patients with Lynch syndrome
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(range, 3-183) months.

Conclusions: This study brought out several observations on tumor location,
late development, and favorable long-term outcomes. Additional studies are
needed to identify the characteristics.
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are susceptible to multiple malignancies, including col-
orectal, endometrial, gastric, ovarian, ureteral/kidney,
bladder, prostate, breast, brain, small bowel, skin, pancre-
atic, and biliary tract cancers. Colorectal and endometrial
cancers are the most common cancers in patients with
Lynch syndrome. Lynch syndrome-associated colorectal
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or endometrial cancers account for approximately 3% and
2%-3% of newly diagnosed colorectal and endometrial
cancer cases, respectively.’ Lynch syndrome-associated
colorectal or endometrial cancers generally occur at a
younger age (before the age of 50 years) than sporadic col-
orectal or endometrial cancer, and patients also often have
family histories of cancer.” The typical pathological find-
ings of patients with Lynch syndrome are the presence
of tumor-infiltrating lymphocytes, Crohn’s-like lympho-
cytic reaction, mucinous/signet-ring differentiation, and a
medullary growth pattern.*

Pancreatic and biliary tract cancers are one of the
Lynch syndrome-associated malignancies. Although the
cumulative risk of pancreatic cancer (PC) over a lifetime is
1.6% in the general population, that for Lynch syndrome-
associated PCs through 80 years are 6.2%, 0.5%-1.6%,
1.4%-1.6%, and <1%-1.6% for MLHI1, MSH2, MSH6, and
PMS2, respectively.’ Another study has shown that the
cumulative risk of developing PC in patients with Lynch
syndrome is 8.6-fold higher than that in the general popu-
lation.® Data of the estimated average age of presentation
are not yet available.® Although the cumulative risk of bil-
iary tract cancer (BTC) over a lifetime is 0.2% in the gen-
eral population, that for patients with Lynch syndrome
through 80 years is 1.9%-3.7%, 0.02%-1.7%, and 0.2%-<1%
for MLHI1, MSH2, and MSH6 and PMS2, respectively.’ The
estimated average age at presentation of BTC in patients
with Lynch syndrome for MLHI and MSH2 is 50 and
57 years, respectively.” However, there are no data on the
estimated average age at presentation of BTC in patients
with Lynch syndrome for MSH6 and PMS2.

As mentioned above, patients with Lynch syndrome
have a significantly high lifetime risk of developing pan-
creatic or biliary tract cancers, which are highly fatal and
have a significant impact on prognosis. However, there are
few reports on the background and clinical characteristics
of patients with Lynch syndrome-associated pancreatic or
biliary tract cancers. Hence, that was the objective of this
study.

2 | METHODS

21 | Study cohort

We retrospectively reviewed the medical records of pa-
tients with Lynch syndrome who were diagnosed with
pancreatic or biliary tract malignant tumors at National
Cancer Center Hospital (NCCH) between March 1992
and October 2019. This single-institution medical record-
based retrospective observational study was approved by
the Institutional Review Board of NCCH (NCCH 2018-
149), which waived the requirement for informed consent.

Patients were able to opt out of the study on the hospital’s
website. The study was conducted according to the princi-
ples of the Declaration of Helsinki.

2.2 | Statistical analyses

Overall survival (OS) was defined as the time from treat-
ment initiation until death from any cause or the last date
of confirmed survival and was analyzed using the Kaplan-
Meier method.

2.3 | Pathological analyses

Surgically resected specimens were fixed in 10% neutral
buffered formalin and cut into serial 5-mm-thick slices
and all sections were stained with hematoxylin and eosin
for pathological examination. They were histologically
classified according to the WHO classification of tumours,
5th edition.

2.4 | The diagnosis of Lynch syndrome
Initially, germline genetic analyses were performed when
Lynch syndrome was suspected based on family history
and/or history of cancer without screening tests for Lynch
syndrome. In subsequent years, screening tests for Lynch
syndrome including DNA mismatch repair gene immu-
nohistochemistry (IHC) or microsatellite instability test
(including companion diagnosis of pembrolizumab) were
conducted when Lynch syndrome was suspected (refer to
Amsterdam Criteria II). If screening tests suggest a defi-
ciency of DNA mismatch repair gene, germline genetic
analyses will be performed. Hence, the diagnosis of Lynch
syndrome was confirmed at the medical genetics outpa-
tient clinic of NCCH after genetic counseling regarding
hereditary cancer syndromes.

3 | RESULTS

3.1 | Patient characteristics

Between 1992 and 2019, 14 patients were diagnosed with
pancreatic or biliary tract malignant tumor and Lynch
syndrome (Figure 1). Among them, six patients (all were
probands) had been diagnosed with Lynch syndrome be-
fore they developed pancreatic or biliary tract malignant
tumors. The types of cancer predisposition genes were
MLHI]1 in seven patients, MSH?2 in six patients, and PMS2
in one patient.
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Primary cancer
Patient No.
1st — 2nd — 3rd — 4th — 5th
1 Colorectal (52) Endometrial (53) pamline Biliary tract (67)
2 | Colorectal (41) Stomach (47) Biliary tract (64)
3 | Endometrial (50) Biliary tract (67) -
4 | Colorectal (41) Biliary tract (56) .
Biliary tract i
malignant tumor 5 | Biliary tract (71)
6 | Colorectal (35) Biliary tract (48)
7 | Colorectal (38) Biliary tract (38) i:’:\ljf' Duodenal (39)
$ | Colorectal (46) Endometrial (53) Glioblastoma (70) Biliary tract (70%)
9 | Colorectal (46) Duodenal (53) germlisg Pancreatic (71)
10 | Breast (45) Pancreatic (63) L | Colorectal (68)
Pancreatic 11 | Colorectal (45) Ovarian (46) f:':‘l:* Breast (62) Pancreatic (63)
malignant tumor i ~ = :
12 | Endometrial (37) Colorectal (71) ptren Small bowel (78) Pancreatic (84)
13 | Endometrial (43) Pancreatic (48%)
14 | Colorectal (45) Lung (57) Pancreatic (58) Bladder (74) Kidney (74)

(Age at treatment initiation)
*Age at the time of diagnosis (because of no active anticancer therapy)

FIGURE 1 Cancer history of patients with Lynch syndrome-associated pancreatic or biliary tract malignant tumors

Between 1992 and 2019, 5688 patients with pancreatic
malignant tumor and 1899 patients with biliary tract ma-
lignant tumor were treated in our hospital. The proportion
of patients with Lynch syndrome-associated pancreatic
and biliary tract malignant tumors among all the patients
with pancreatic and biliary tract malignant tumors was
0.1% (6/5688) and 0.4% (8/1899), respectively. In our hos-
pital, 190 patients were diagnosed with Lynch syndrome
between 1992 and 2019. The cancer predisposition genes
were MLH] in 74 patients, MSH2 in 94 patients, MSH6
in 13 patients, and PMS2 in nine patients. The proportion
of Lynch syndrome-associated pancreatic and biliary tract
cancers among patients with Lynch syndrome was 3%
(6/190) and 4% (8/190), respectively.

For the six patients with pancreatic malignant tumor,
their median age was 63 years, and four patients were fe-
male. Based on medical or family history, five patients had
findings suggestive of Lynch syndrome. For one patient,
hereditary breast and ovarian cancer syndrome was sus-
pected due to her medical history and germline BRCA1/2
testing was performed, but the test result was negative.
Therefore, a germline multi-gene panel testing was per-
formed, and she was diagnosed with Lynch syndrome.
The primary site of pancreatic malignant tumor in five of
them was the body or tail. Only one patient had pancre-
atic head cancer. There was a patient with nonfunction-
ing neuroendocrine tumor (NET), G1 with no metastases,

whose maximum diameter was 8 mm. Cancer with metas-
tases was not observed. Three patients had a family history
of colorectal cancer, and one patient had a family history
of endometrial cancer. The median OS was 68 (range, 17-
198) months. Two of the six patients died: one from PC
and the other from a pituitary tumor.

For the eight patients with biliary tract malignant tumor,
the median age was 65.5 years, and six patients were fe-
male. Based on medical or family history, six patients had
findings suggestive of Lynch syndrome. One patient who
had a history of colorectal cancer with a high microsatel-
lite instability was suspected of having Lynch syndrome.
Another patient had findings suggestive of Lynch syn-
drome based on results of the mismatch repair gene THC
for the screening of a clinical trial. The primary site of bili-
ary tract malignant tumor in five of them was the intrahe-
patic bile duct, whereas the primary site in two of them was
the hilar bile duct. Although the cancer diagnosis had been
confirmed pathologically, only one patient was diagnosed
with gallbladder cancer radiologically. Ultrasonography
(US) revealed an elevated lesion with a rough surface,
wide base, diameter of 9 mm, and an increasing blood flow
signal over time (follow-up computed tomography [CT]
revealed a maximum diameter of 14 mm). This patient
had glioblastoma, which was treated as a high priority.
Hence, gallbladder cancer was diagnosed based on typical
US and CT findings. The patient was left untreated and is
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being followed up to date. Cancer of the distal bile duct or
ampulla of Vater was not observed. Only one patient had
cancer with metastases. Six patients had a family history of
colorectal cancer, and three patients had a family history of

TABLE 1 Patient characteristics

endometrial cancer. The median OS was 62 (range, 3-183)
months. Three of the eight patients died due to BTC. None
of the patients had pancreaticobiliary maljunction. Patient
characteristics are shown in Tables 1 and 2.

Pancreatic malignant tumor (N = 6) Biliary tract malignant tumor (N = 8)
Genes
MLH]1 2 5
MSH?2 4 2
PMS2 0 1
Age median (range), in years 63 (48-84) 65.5 (38-71)
Sex
Male 2 2
Female 4 6
Primary site Head 1 Intrahepatic bile duct 5
Body or tail 5 Hilar bile duct 2
Gallbladder 1
Histology Ductal adenocarcinoma 4 Adenocarcinoma 7
NET, G1 1
Ductal adenocarcinoma 1
arising from IPMN
Histological features
Medullary growth pattern 0 0
Lymphoplasmacytic 3 5
infiltration
Trigger of diagnosis of Lynch syndrome
History or family history of 6 7
cancer
Screening of a clinical trial 0 1
Stage
Resectable 3P 1
Locally advanced 3 6
Metastatic 0 1
History of cancer
Median number (range) 2.5(1-4) 1.5(0-3)
Colorectal cancer 5 6
Endometrial cancer 2 3
Family history of cancers®
Median number (range) 1(0-2) 1.5(0-2)
Colorectal cancer 3 4
Endometrial cancer 1 0
Median OS (range), mo 68 (17-198) 62 (3-183)

Abbreviations: IPMN, intraductal papillary mucinous neoplasm; NA, not applicable; NET, neuroendocrine tumor; OS, overall survival.

“One patient was diagnosed with gallbladder cancer radiologically.

"One patient had a resectable tumor (no detailed information because her tumor was resected in another hospital).

“Number of first-degree relatives who had Lynch syndrome-associated malignancies.
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FIGURE 2 Histopathological findings of ductal
adenocarcinoma arising from intraductal papillary mucinous
neoplasm in a patient with Lynch syndrome (No. 12 in Table 2).
Invasive cancer cells are floating in the mucous lake (arrow).
Lymphoplasmacytic infiltration of the tumor tissue was observed,
but it was not as prominent as the inflammatory features in Lynch
syndrome-associated colon adenocarcinoma

3.2 | History of cancer

Among the six patients with pancreatic malignant tumor,
five and two had a history of colorectal cancer and endo-
metrial cancer, respectively. The median number of previ-
ous cancers was 2.5 (range, 1-4).

Among the eight patients with biliary tract malignant
tumor, six and three had a history of colorectal cancer and
endometrial cancer, respectively. The median number of
previous cancers was 1.5 (range, 0-3). The patients’ cancer
histories are shown in Figure 1.

3.3 | Pathological findings

As shown in Figure 2, lymphoplasmacytic infiltration
was observed in three patients with pancreatic malig-
nant tumor and five patients with biliary tract malignant
tumor. However, these findings could not be referred to
as common pathological findings of Lynch syndrome.
Typical pathological findings of Lynch syndrome, such as
Crohn’s-like lymphocytic reaction, mucinous/signet-ring
differentiation, and medullary growth pattern, were not
observed in this study.

Immunohistochemistry was not conducted for seven
patients. Two patients were previously diagnosed with
Lynch syndrome in a different hospital. Five patients who
were highly suspicious for Lynch syndrome based on their

family or multiple cancer history underwent germline
analyses without THC.

3.4 | Treatment

Ten patients underwent surgery. Two patients were
treated with chemotherapy. Two patients were observed
without any active anticancer therapy. Of the 10 patients
who underwent surgery, two received neoadjuvant chem-
otherapy, and four who had recurrence were treated with
palliative chemotherapy. Three patients died from tumor
progression.

Two patients received gemcitabine and cisplatin as the
first-line palliative chemotherapy for BTC. The best re-
sponses were a stable disease and progressive disease. One
patient died.

Four patients received anti-programmed death-1 (PD-
1) therapy with pembrolizumab as palliative chemother-
apy. Detailed clinical outcomes of 3/4 patients could not
be reported here as they are participants in an ongoing
clinical trial. One female patient (No. 10 of Table 2) with
PC received pembrolizumab in a clinical setting. The best
response was stable disease, and the tumor progressed
after 6 months following the initiation of pembrolizumab
therapy.

4 | DISCUSSION

Typical Lynch syndrome-associated cancers are charac-
terized by a diagnosis at a young age, a history of multiple
cancers, a family history of cancer, and typical pathologi-
cal findings.® In this study, patients with Lynch syndrome-
associated pancreatic or biliary tract cancers had a history
of multiple cancers and a family history of cancer. In data
from the Global Burden of Disease Study, the number of
patients with PC peaked at age 65-69 years for males and at
75-79 years for females.” The incidence of BTCs increases
with age.'® Patients with Lynch syndrome-associated pan-
creatic or biliary tract cancer were younger than those in
this study. On the other hand, using the median age, pa-
tients with Lynch syndrome-associated pancreatic or bil-
iary tract cancer were older than those with typical Lynch
syndrome-associated colorectal or endometrial cancer.
Typical pathological findings were not observed. Lynch
syndrome-associated pancreatic or biliary tract cancers
were identified predominantly in females in our study.
Analysis of data from the prospective Lynch syndrome
database revealed that the cumulative risk of developing
Lynch syndrome-associated colorectal cancer was gener-
ally higher in males than in females.!! However, the cu-
mulative risk of Lynch syndrome-associated pancreatic
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or biliary tract cancers stratified by sex has not yet been
reported.

Compared to the age of onset of typical Lynch
syndrome-associated colorectal or endometrial cancers,
Lynch syndrome-associated pancreatic or biliary tract
cancers tended to develop in patients with more advanced
ages. In addition, most patients diagnosed with Lynch
syndrome-associated pancreatic or biliary tract cancers
had a history of multiple cancers. These features were
more pronounced in patients with PC. These findings
indicate the possibility that Lynch syndrome-associated
pancreatic or biliary tract cancers develop late in life as
after second primary cancers.

There are some hypotheses as to why Lynch syndrome-
associated PCs develop late in life. The first hypothesis is
the influence of KRAS mutations. KRAS mutations occur
early during carcinogenesis of both colorectal and pancre-
atic cancers. Colonic epithelial cells undergo a histologic
transition from a normal to malignant state. The activation
of KRAS oncogene promotes inactivation of APC, which
is a tumor suppressor.'? Also, KRAS mutations commonly
occur after the onset of a deficiency of a DNA mismatch
repair gene in Lynch syndrome-associated colorectal can-
cers.> On the other hand, in PCs, normal duct epithelium
progresses to infiltrating cancer.* KRAS mutations are
frequently detected in the precursor lesions of PC, which
is a pancreatic intraepithelial neoplasia, indicating an
initiation of pancreatic carcinogenesis. The activation of
point mutations in the KRAS gene occurs early and initi-
ates carcinogenesis: this phase occurs earlier, when com-
pared to colorectal cancer carcinogenesis.'*'* There are
many processes involved from the occurrence of KRAS
mutations to carcinogenesis. This may lead to the fact
that Lynch syndrome-associated PCs develop late in life.
Second, the challenges surrounding the early detection of
PC may result in the late detection of PC in patients with
Lynch syndrome. Third, compared to the colorectal can-
cer, the pancreas is less exposed to environmental factors
such as diet and intestinal bacteria. Hence, carcinogenesis
occurs later in the pancreas.

Although the pancreatic head is a major site of sporadic
PC, the pancreatic body or tail is the major site of Lynch
syndrome-associated PC in this study. Tumors of the pan-
creatic body or tail are often detected later than tumors
of the pancreatic head. They often progress to unresect-
able tumors. However, tumors of the pancreatic body or
tail were detected at a resectable stage in this study. Apart
from a case report that presented the case of a patient with
Lynch syndrome-associated pancreatic body or tail can-
cer,” there is no systematic report of the anatomical site
of Lynch syndrome-associated PCs. Contrastingly, intra-
hepatic and hilar bile ducts were the major sites of Lynch
syndrome-associated biliary tract malignant tumor in this

study, and there was no cancer of the distal bile duct or
ampulla of Vater. A previous study has also reported that
the intrahepatic and hilar bile ducts are the most common
sites of Lynch syndrome-associated BTC.'®

This case series study suggests that fewer patients with
Lynch syndrome-associated pancreatic or biliary tract
malignant tumors had metastases, and the outcomes of
patients with Lynch syndrome-associated pancreatic or
biliary tract malignant tumors were apparently better than
those of patients with sporadic pancreatic or biliary tract
cancers. This may be because most of the patients who
had been diagnosed with Lynch syndrome had other can-
cers before developing pancreatic or biliary tract cancers.
Thus, careful follow-up and early detection of tumors in a
resectable stage were possible. In 2018, the International
Cancer of the Pancreas Screening Consortium recom-
mended pancreatic surveillance for high-risk individuals
with familial PC, including those with Lynch syndrome."’
However, evidence-based appropriate surveillance of pa-
tients with Lynch syndrome for pancreatic or biliary tract
cancers has not been established. Practically, we perform
abdominal US once a year for patients with Lynch syn-
drome; the aim is to detect any abdominal malignancy,
including PC and hepatobiliary cancers. Hence, we car-
ried out the prospective multi-institutional surveillance
clinical study (the DIAMOND study, UMIN000039779),
which is ongoing. The aim of this study was to establish a
method of surveillance for early detection of PC in high-
risk individuals with familial PC or hereditary neoplastic
syndrome, including Lynch syndrome. More than 40 fa-
cilities across Japan are participating in this clinical trial.

A previous phase II study has demonstrated the clin-
ical benefit of anti-PD-1 therapy (pembrolizumab) in
patients with non-colorectal cancer having a high micro-
satellite instability and/or a deficiency in DNA mismatch
repair.'® The microsatellite instability and/or mismatch
repair protein IHC test is the second screening method
for Lynch syndrome, and a significant number of Lynch
syndrome-associated tumors have high microsatellite in-
stability with deficient mismatch repair.'® In this study,
four patients with Lynch syndrome-associated pancreatic
or biliary tract cancers were treated with anti-PD-1 ther-
apy. Anti-PD-1 therapy seems to be more effective than
standard therapy for these patients.

Patient No. 5 in Table 2 had no past cancer or family
history. Her cancer predisposition gene was PMS2. PMS2
mutation carriers have a lower risk of carcinogenesis than
carriers of mutations of other mismatch repair genes.>*
The penetrance for PMS2 mutation carriers appears to be
lower than that for carriers of the other mismatch repair
genes,”! leading to the absence of a family history.

This study has important limitations. The retrospec-
tive, single-institution design and small sample size could
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limit the power of the analyses and preclude definitive
conclusions. Although Lynch syndrome is a rare disease,
further studies with larger sample sizes are necessary.

To conclude, this study brought out several observations
on tumor location, late development, and favorable long-
term outcomes. Additional studies are needed to identify
the characteristics of Lynch syndrome-associated pancre-
atic or biliary tract cancers. In addition, an appropriate
screening method for pancreatic or biliary tract cancers in
patients with Lynch syndrome should be established.
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