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Introduction: Patients with Lynch syndrome (LS) have an increased lifetime risk of

pancreatic cancer (PC) and biliary tract cancer (BTC). These cancers have a

notoriously pessimistic prognosis due to late diagnosis and limited therapeutic

options. There are limited data based on small cohorts reviewing PC and BTC in

LS patients.

Methods: In this retrospective study of the Lynch Syndrome Registry of Finland

(LSRFi), records of genetically verified LS patients diagnosed with PC or BTC

between 1982 and 2020 were analyzed.

Results: Thirty-nine patients were included: tumor(s) were in the pancreas in 26

patients, in the biliary tract in 10, and in the ampulla of Vater in three. A pathogenic

germline variant was found in MLH1 in 33 of 39 patients. Twenty-six patients with

28 tumors located in the pancreas were identified: 23 pancreatic ductal

adenocarcinomas (PDACs) and five neuroendocrine tumors (NETs). The median

age at diagnosis of PC was 64 years (range of 38–81). In PC, the 5-year overall

survival (OS) rate was 20%, and in PDAC, it was 13.6%. Ten patients with BTC were

diagnosed: two intrahepatic, five perihi lar , two distal extrahepatic

cholangiocarcinomas, and one gallbladder carcinoma. Eight patients were male,

and the median age at diagnosis was 54 years (range of 34–82). The 5-year OS rate

for BTC was 30%. Metachronous tumors were diagnosed in 28 patients (70%).

Colorectal cancer was the most common metachronous tumor, diagnosed in 20

patients (51%), and diagnosed prior to PC or BTC in all cases. Curative surgery was

attempted on 17 of 39 patients. For 30 patients (91%), the cause of death was PC or

BTC; two patients died from another LS-associated cancer, and one died from

a stroke.

Conclusion: Although the survival of LS patients with PC or BTC is better than in

sporadic cancers, it is still poor and may be reflected by the relatively higher
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surgical resectability accounted for by the earlier age of onset. More studies on

analyses of the molecular and immune profile, screening, and management of LS-

associated pancreaticobiliary cancers are warranted.
KEYWORDS

Lynch syndrome (LS), hereditary nonpolyposis colon cancer (HNPCC), pancreatic cancer,
biliary tract cancer, microsatellite instability (MSI)
1 Introduction

Lynch syndrome (LS), previously known as hereditary

nonpolyposis colorectal cancer (HNPCC), is an autosomal

dominant disorder caused by pathogenic germline variants in one

of the DNA mismatch repair (MMR) genes,MLH1,MSH2,MSH6, or

PMS2, or by deletions in the EPCAM gene (1–3). It is the most

common hereditary cancer syndrome, with a prevalence estimated as

high as 1 in 279 (4). Pathogenic MMR variant carriers have a high

lifetime risk of developing colorectal and endometrial cancers and an

increased risk of developing gastric, ovarian, urothelial, pancreatic,

biliary tract, small bowel, prostate, breast, brain, and skin cancers,

depending on the gene affected (5). LS-associated cancers usually

display MMR deficiency (dMMR) that leads to microsatellite

instability (MSI) in the tumors.

Increased risk of pancreatic cancer (PC) in LS carriers was first

observed by Lynch et al. in 1985 (6). In 1992, Mecklin et al. described

11 LS patients with biliary tract cancer (BTC), suggesting an

association between BTC and LS (7). Since then, numerous

retrospective studies and one review have confirmed an increased

incidence of PCs and BTCs in LS patients (8–12). The Prospective

Lynch Syndrome Database (PLSD) report has shown different lifetime

risks for PC depending on the germline mutation variant (5).

LS-associated colorectal, gynecological, and gastric cancers have a

better prognosis than sporadic cancers (5, 13–16). Unfortunately, PC

and BTC remain aggressive and have a poor prognosis. As of lately,

immune checkpoint inhibitor therapy has been an exciting

development in the treatment of solid tumors with MSI and

dMMR, including PC and BTC, with promising results (17–20).

However, there are limited data based only on small cohorts

reviewing pancreatic and biliary tract malignancies in LS patients.

In this article, we present the largest cohort of LS patients with PC

and BTC to date and characterize their clinical features.
2 Methods

2.1 Study cohort

We retrospectively reviewed the medical records of patients in the

Lynch Syndrome Registry of Finland (LSRFi) who were diagnosed

with pancreatic or biliary tract malignant tumors between 1982 and

2020. The nationwide registry, established in 1982, includes, at

present, 1,800 verified pathogenic variant carriers from 400 families
02
and contains clinicopathological information on all cancers of

registered individuals. The data have been regularly cross-checked

against the Finnish national cancer registry.

This multicenter retrospective study was approved by the national

authority for registry research (Findata), waiving the requirement for

informed consent to use data obtained from medical records.
2.2 Survival analyses

Overall survival (OS) was defined as the time from diagnosis until

death from any cause or the last date of confirmed survival. OS was

analyzed in R using the Kaplan–Meier method (21).
2.3 Pathological classification

Pancreatic adenocarcinomas (PDACs) were graded according to

histopathological WHO criteria (22). Pancreatic neuroendocrine

tumors (NETs) were classified according to the WHO 2020

classification for pancreatic neuroendocrine neoplasms (23). Biliary

tract tumors were classified according to system based on their

anatomical location and categorized as intrahepatic, perihilar, or

distal cholangiocarcinomas (24). According to the WHO

classification of digestive system tumors, adenocarcinomas of the

ampulla of Vater are histologically closer to the small intestine but

anatomically near the pancreas and biliary tract (22). Therefore, this

rare type of cancer was included in the cohort but analyzed separately.
3 Results

3.1 Patient characteristics

Forty LS patients were diagnosed with PC or BTC or ampullary

cancer between 1982 and 2020 (Table 1). Among them, tumors in 26

patients were in the pancreas, 10 in the biliary tract, and three in the

ampulla of Vater. One patient was excluded from the study due to

non-pancreatic and non-biliary histology. A pathogenic germline

variant of MLH1 was detected in 33 patients, MSH2 in five, and

MSH6 in one patient. MLH1 variant carriers had 21 out of 26 PCs,

nine out of 10 BTC, and all three ampullary cancers (Figure 1).

LS was diagnosed prior to PC or BTC in 22 patients and

simultaneously in 14 patients. Each patient’s family in LSRFi and

the number of LS-diagnosed patients in this family are presented in
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TABLE 1 Clinicopathological characteristics of PC, BTC, and ampullary cancer in LS patients.

Radiation
therapy

Metachronous
tumors Gene OS

(month)

CRC×3, uterus, ovary,
ventricle MLH1 27

s MLH1 32

A CRC×2, prostate MLH1 275

MLH1 Alive

s CRC MLH1 6

A Uterus, ureter MSH6 Alive

MLH1 9

CRC×4 MLH1 Alive

CRC MLH1 31

CRC×2 MLH1 15

CRC MLH1 9

MLH1 27

s CRC MLH1 11

MLH1 12

MLH1 9

CRC×2 MLH1 1

CRC, ureter MLH1 1

s CRC, uterus MLH1 6

Uterus, ovary MLH1 Alive

Spinal cord MLH1 129

CRC×2, ovary MLH1 3

MSH2 7

CRC, prostate MLH1 8

CRC×2, uterus MLH1 6
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Cancer
type Age Sex Family

id
LS patients in the

family Primary site Histology Operation Chemotherapy

Ampulla of
Vater 65 F 4 4

Ampulla of
Vater

Ampullary
adenocarcinoma R0 no n

Ampulla of
Vater 53 F 1 31

Ampulla of
Vater

Ampullary
adenocarcinoma R0 yes y

Ampulla of
Vater 49 M 87 10

Ampulla of
Vater

Ampullary
adenocarcinoma R0 NA N

Biliary tract 48 F 73 24 Gallbladder
Carcinoma of
gallbladder R0 no n

Biliary tract 53 M 19 7
Common bile
duct Cholangiocarcinoma palliative no y

Biliary tract 80 F 231 7
Common bile
duct Cholangiocarcinoma R0 NA N

Biliary tract 50 M 195 6 Intrahepatic Cholangiocarcinoma no yes n

Biliary tract 68 M 205 4 Intrahepatic Cholangiocarcinoma R0 no n

Biliary tract 55 M 1 31 Perihilar Cholangiocarcinoma no no n

Biliary tract 82 M 160 4 Perihilar Cholangiocarcinoma no no n

Biliary tract 40 M 99 7 Perihilar Cholangiocarcinoma no yes n

Biliary tract 34 M 50 34 Perihilar Cholangiocarcinoma R1 yes n

Biliary tract 74 M 61 21 Perihilar Cholangiocarcinoma no yes y

Pancreas 47 M 94 3 head Ductal adenocarcinoma no yes n

Pancreas 81 F 78 7 head Ductal adenocarcinoma no yes n

Pancreas 58 M 2 37 head Ductal adenocarcinoma palliative no n

Pancreas 69 M 9 6 head Ductal adenocarcinoma R0 no n

Pancreas 54 F 157 2 head Ductal adenocarcinoma no yes y

Pancreas 67 F 2 37 head Ductal adenocarcinoma R1 yes n

Pancreas 61 M 152 3 head Ductal adenocarcinoma R0 no n

Pancreas 64 F 54 29 head Ductal adenocarcinoma no no n

Pancreas 69 M 38 12 head Ductal adenocarcinoma no yes n

Pancreas 68 M 1 31 head Ductal adenocarcinoma R0 no n

Pancreas 74 F 112 21 head Ductal adenocarcinoma no no n
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TABLE 1 Continued

Histology Operation Chemotherapy Radiation
therapy

Metachronous
tumors Gene OS

(month)

al adenocarcinoma palliative no no
Ureter, acusticus
neurinoma MLH1 2

al adenocarcinoma no no no CRC, uterus MLH1 0

al adenocarcinoma R1 yes no MLH1 32

al adenocarcinoma no yes no CRC MLH1 36

al adenocarcinoma palliative yes no CRC×2, uterus MLH1 4

al adenocarcinoma no yes no Cervix MSH2 7

al adenocarcinoma R0 no no Uterus MLH1 Alive

al adenocarcinoma,
R1 yes no Breast MSH2 6

al adenocarcinoma R1 yes no Ovary, ventricle MLH1 5

al adenocarcinoma no no no CRC MLH1 1

al adenocarcinoma palliative no yes CRCx2 MLH1 15

al adenocarcinoma no no no MLH1 3

no yes no MLH1 2

x2 R0 no no CRC MSH2 101

R1 yes no MSH2 Alive

resection margin; OS, overall survival.
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Cancer
type Age Sex Family

id
LS patients in the

family Primary site

Pancreas 70 F 24 2 head Duc

Pancreas 86 F 241 4 body Duc

Pancreas 60 M 82 12 body Duc

Pancreas 45 F 98 11 body Duc

Pancreas 80 F 105 10 body Duc

Pancreas 53 F 122 3 body Duc

Pancreas 71 F 138 2 body Duc

Pancreas 54 F 191 2 body
Duc
NET

Pancreas 39 F 23 6 tail Duc

Pancreas 66 M 19 7 tail Duc

Pancreas 56 M 10 11 tail Duc

Pancreas 64 M 146 4 NA Duc

Pancreas 63 F 1 31 body NET

Pancreas 38 F 191 2 body, tail NET

Pancreas 69 M 38 12 tail NET

NA, not available; CRC, colorectal cancer; NET, neuroendocrine tumor; R0, negative resection margin; R1, positive
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Table 1. Five families had more than one family member diagnosed

with PC or BTC.

In 26 patients with 28 tumors located in the pancreas, 23 were

PDAC and five were NETs. Fifteen were female, and the median age at

diagnosis was 64 years (range of 38–81). The distribution of anatomical

locations of PC was head 12, body 10, and tail five (one location was not

recorded). Germline variants ofMLH1were detected in 21 patients and

MSH2 in five patients. One patient had simultaneously PDAC and

NET, and one patient had two NETs. In both patients, multiple

endocrine neoplasia type 1 (MEN1) syndrome was additionally

diagnosed. The diagnosis of pancreatic malignancies in 20 patients

was based on clinical, radiological, and pathology reports, but in six

patients, it was based on clinical and radiological findings only.

Of the 10 BTC patients, two were intrahepatic, five perihilar, two

distal extrahepatic cholangiocarcinomas, and one gallbladder

carcinoma. Eight were male, and the median age at diagnosis was

54 years (ranging from 34 to 82). Germline variants of MLH1 were

detected in nine patients and of MSH6 in one patient. The BTC

diagnosis was based on a pathology report in seven patients and on

computer tomography in three patients. The patient with gallbladder

carcinoma was primarily operated on due to pain caused by gallstones

but received an unexpected diagnosis of gallbladder carcinoma. The

treatment was later completed with liver segment II–IV resections

with R0 margins.

Adenocarcinoma of the ampulla of Vater was diagnosed in three

patients, all MLH1 carriers. Two were women, and the median age at

diagnosis was 53 years (ranging from 49 to 65). As all three patients

underwent surgery, the diagnosis was verified by a pathological report.
3.2 Metachronous tumors

Metachronous tumors were diagnosed in 28 (72%) patients

(median number 1; range of 0–6). Colorectal cancer was the most
Frontiers in Oncology 05
common, diagnosed in 20 patients, and endometrial cancer in eight

patients. In all cases, colorectal cancer and endometrial cancer were

diagnosed prior to PC or BTC.
3.3 Treatment and survival

Curative surgery was attempted in 17 (43.5%) patients and

treatment with non-curative intent, life-prolonging or palliative

therapy, was provided to 22 patients (Figure 2).

Ten out of 26 patients with PC underwent surgery with curative

intent. Five patients had surgical resection with a negative resection

margin. Five patients’ resection margins were positive, and adjuvant

chemotherapy was administered to these patients. In LS patients with

PC who were treated with curative intent, the 5-year survival rate was
A B

DC

FIGURE 1

Distribution of germline variants in (A) PDAC, (B) pancreatic NET, (C) BTC, and (D) ampullary adenocarcinoma.
FIGURE 2

Kaplan–Meier analysis for overall survival of patients treated with
curative intent (blue) and non curative intent (red).
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50%. In the 10 LS patients with PDAC resected with curative intent,

the 5-year survival rate was 38%. Seven patients were treated with

chemotherapy and one patient with chemoradiation therapy. One

patient received additional immunotherapy with pembrolizumab for

MLH1/PMS2-deficient PDAC. Eight patients were provided with

symptomatic treatment. In 16 patients who were not treated with

curative intent, the median OS was 5 months. For all patients with PC,

the 5-year OS rate was 20%, and for those with PDAC, it was 13.6%

(Figure 3A). One patient died from pneumonia after a palliative

operation within 72 h and was excluded from survival calculations.

Endoscopic stent placement was performed in eight cases and

percutaneous transhepatic drainage in one.

Four patients with BTC underwent surgical resection with curative

intent. Three patients’ resection margin was negative. One patient’s

resection margin was positive, and adjuvant chemotherapy was

administered. Among these four patients with BTC who were

operated on with curative intent, the 5-year survival rate was 75%.

Two patients were treated with chemotherapy, and one with

chemoradiation therapy. Three patients were treated symptomatically.

In six patients who were not treated with curative intent, the median OS

was 10 months. For LS patients with BTC, the 5-year OS rate was 30%

(Figure 3B). Endoscopic stent placement was performed in three cases,

and percutaneous transhepatic drainage was placed in four cases.

All three patients with adenocarcinomas of the ampulla of Vater

underwent curative surgery with a negative resection margin. Still two
Frontiers in Oncology 06
patients died of recurrence of ampullary cancer within 1.5 years and

one from small bowel cancer.

Thirty-three patients (85%) out of 39 were deceased. For thirty

patients (91%), the cause of death was PC, BTC, or ampullary cancer.

Two patients died from another LS-associated cancer and one patient

died from a stroke. An overview of clinical characteristics and

treatment is presented in Table 2.
4 Discussion

Sporadic PCs and BTCs have a dismal prognosis due to being

asymptomatic in the early stages, resulting in a late diagnosis.

Treatment options are limited and lack effectiveness. The five-year

survival rate is only 10% for both cancer types in the United States (25,

26). LS patients have an increased lifetime risk of developing PC and

BTC. Analysis of data from the Prospective Lynch Syndrome Database

(PLSD) has shown the cumulative risk at 75 years of age for PC is 6.2%,

0.5%, and 1.4%, and for BTC is 3.7%, 1.7%, and 0%, respectively, for

carriers of MLH1, MSH2, and MSH6 germline variants (5). Our

retrospective study supports pathogenic MLH1 germline variant

carriers being overrepresented among LS patients with PC and BTC.

We did not detect any pancreaticobiliary cancers in PMS2 carriers,

although the number of identified PMS2 families is low in Finland. No

clear evidence of an increased risk of PC or BTC has been shown in

PMS2 pathogenic variant carriers, even in the larger series (27). In a

study byMøller et al., none of the 124 PMS2 pathogenic variant carriers

were diagnosed with PC or BTC (5). Hu et al. reported three PMS2

carriers with PDAC. Two of these patients developed MMR-proficient

PDAC (28). Ando et al. performed immunohistochemistry (IHC)

analysis on 116 operated BTC patients, identifying two PMS2

germline variant carriers, both microsatellite stable (MSS) (29). These

findings suggest that PDAC and BTC in PMS2 germline mutation

carriers might be sporadic. The cautionary tale of Wang et al. raises the

importance of routine tumor testing for bothMMR deficiency andMSI

to detect patients who might have a better chance of responding to

immunotherapy (30). Hendifar et al. presented a case report

underscoring the importance of testing every cancer in LS patients

for MMR, as not all of them might respond to immunotherapy (31).

The incidence of sporadic PC and BTC increases with age and the

median age at the diagnosis is 70 years (32). In the current study, LS

patients with PC or BTC were younger, resembling the early age

phenomenon which is typical for all LS associated cancers. Also, PC

was diagnosed equally in females and males. The small sample size of

this study does not allow definitive conclusions drawn, but the latest

PLSD report did report substantial sex difference in upper

gastrointestinal cancers with 22% in male MLH1 carriers by 75

years versus 11% in female MLH1 carriers (33).

Three-quarters of LS patients with PC or BTC had metachronous

tumors. Colorectal and endometrial cancers were diagnosed in all

cases prior to PC or BTC. These findings suggest that most, but not

all, LS patients develop PC or BTC later in life after the more common

primary cancers. A personal cancer history of LS carriers over 60

years of age may serve as an indicator for healthcare to stay alert for

unspecific symptoms the upper gastrointestinal cancers may induce.

On the other hand, a quarter of the patients did not have a previous

cancer history, and PC or BTC was their first malignancy.
A

B

FIGURE 3

Kaplan-Meier survival analysis for overall survival of (A) PDAC (red) and
(B) BTC (blue).
frontiersin.org

https://doi.org/10.3389/fonc.2023.1123901
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zalevskaja et al. 10.3389/fonc.2023.1123901
Most sporadic PCs are in the head of the pancreas. PC in the body

or tail has a worse prognosis compared to pancreatic head cancer due

to remaining asymptomatic for a longer period, resulting in late

diagnoses (34, 35). Takamizawa et al. described the anatomical

location of the PC in six LS patients, identifying five of the six PCs

as being in the body and the tail of the pancreas (36). In our study, PC

was located equally often in the head, the body, and the tail of the

pancreas. Our series suggests that no distinct primary anatomical site

is more prevalent. BTC was found in all parts of the biliary tract, as

also previously shown by Cloyd et al. (11).

Surgical resection is the only curative treatment for PC and BTC.

Curative surgery can be performed in 10%–20% of sporadic PC cases

and in 20% of sporadic BTC cases (37, 38). In this study, curative

surgical resection was performed twice as often, resulting in better

overall survival outcomes. This might be explained by the fact that

half of the cases already had an LS diagnosis and participated in

regular surveillance. In Finland, surveillance for PC and BTC in LS

patients is symptom-based, as European guidelines for LS
Frontiers in Oncology 07
recommend (13). In practice, it means LS patients are educated

about symptoms they might encounter and are encouraged to

contact secondary and tertiary healthcare providers with expertise

in LS if they experience any “red flag” symptoms.

Immune modulation therapy with checkpoint inhibition is a new

promising option for LS-associated cancer types with poor prognosis,

as histology-agnostic FDA approval for any dMMR or MSI solid

cancers is in place (18). Pancreaticobiliary cancers are often deemed

unresectable, but a proper molecular pathological examination

revealing MSI with even some response to checkpoint inhibition

may convert an inoperable case back to operable. However, good

biopsies for histology might be difficult to get, and especially known

LS carriers should be referred to experienced centers with high

volumes of endoscopic ultrasound-guided biopsies to avoid false-

negative biopsies for dMMR and MSI due to poor sample quality. It is

especially important to not suffice with imaging or cytology-informed

diagnosis alone, but a diagnostic biopsy for dMMR or MSI testing

must be obtained in all cases with known or suspected LS.
TABLE 2 Overview of clinical characteristics and treatment in LS patients with pancreatic, biliary tract and ampullary cancer.

Pancreatic cancer N=26 Biliary tract cancer N=10 Ampullary cancer N=3

Age median, years (range) 64 (39-81) 54 (34-80) 53 (49-65)

Sex

M 11 (42%) 8 (80%) 1 (33%)

F 15 (58%) 2 (20%) 2 (67%)

Genes

MLH1 21 9 3

MSH2 5 0 0

MSH6 0 1 0

PMS2 0 0 0

Histology

Ductal adenocarcinoma 23 (82%) Cholangiocarcinoma 9 (90%) Adenocarcinoma 3 (100%)

NET 5 (18%) Carcinoma of gallbladder 1 (10%)

Primary site

Head 12 Intrahepatic 2 Ampulla of Vater 3

Body 10 Perihilar 5

Tail 5 Common bile duct 2

Not Available 1 Gallbladder 1

Metachronous tumors

Number median (range) 1 (0-3) 1 (0-4) 3 (0-6)

Colorectal cancer 17 10 5

Endometrial cancer 6 1 1

Treatment

Curative intent 10 (38%) 4 (40%) 3 (100%)

Non curative intent 16 (62%) 6 (60%) 0

5-year survival 20% 30% 33%
fron
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This study has several limitations, such as a retrospective design, a

small sample size, and, in some cases, a lack of pathological

verification of cancer. Even though the small sample size of this

cohort limits the power of statistical analysis, it is still the largest series

reported to date. Although it seems that the survival of LS patients

with PC or BTC is better than in sporadic cancers, it is still poor. The

relatively higher surgical resectability may be accounted for by

selection bias due to the earlier age of onset.

To conclude, there is a growing need for molecular and immune

profiling of LS-associated PDAC and BTC to clarify the suitability of

these cancers with an extremely poor prognosis for immune or any

other upcoming therapy.
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