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Introduction

Biliary tract cancer (BTC) accounts for approximately 
3% and 10–15% of gastrointestinal and hepatobiliary 
malignancies, respectively (1). The biliary tract mainly 
comprises the biliary epithelium of small ducts in the liver 

periphery (intrahepatic), the common hepatic and common 
bile duct (extrahepatic), gallbladder, and ampulla of Vater. 
The epidemiological characteristics of sporadic BTCs 
include a higher and lower frequency of gallbladder cancer 
and BTC development, respectively, in females than in 

Original Article 

Clinical features of biliary tract cancer in Japanese individuals 
with Lynch syndrome

Nobuhiko Kanaya1,2, Hideki Aoki1, Toshiaki Morito3,4, Fumitaka Taniguchi1, Kunitoshi Shigeyasu1,5, 
Chieko Tamura6, Kokichi Sugano7, Kiwamu Akagi8, Hideyuki Ishida9, Kohji Tanakaya1

1Department of Surgery, Iwakuni Clinical Center, Yamaguchi, Japan; 2Department of Neurosurgery, Brigham and Women’s Hospital, Harvard 

Medical School, Boston, MA, USA; 3Department of Pathology, Iwakuni Clinical Center, Yamaguchi, Japan; 4Department of Pathology, Kagawa 

Rosai Hospital, Kagawa, Japan; 5Department of Gastroenterological Surgery, Okayama University Graduate School of Medicine, Dentistry and 

Pharmaceutical Sciences, Okayama, Japan; 6Medical Information & Genetic Counseling Division, FMC Tokyo Clinic, Tokyo, Japan; 7Department of 

Genetic Medicine, Kyoundo Hospital, Sasaki Foundation, Tokyo, Japan; 8Division of Molecular Diagnosis and Cancer Prevention, Saitama Cancer 

Center, Saitama, Japan; 9Department of Digestive Tract and General Surgery, Saitama Medical Center, Saitama Medical University, Kawagoe, Japan 

Contributions: (I) Conception and design: K Tanakaya, N Kanaya; (II) Administrative support: K Tanakaya, K Sugano, K Akagi, H Ishida; (III) 

Provision of study materials or patients: K Tanakaya, N Kanaya, F Taniguchi, H Aoki, T Morito, K Shigeyasu, K Sugano, K Akagi, H Ishida; (IV) 

Collection and assembly of data: K Tanakaya, N Kanaya, F Taniguchi, K Shigeyasu; (V) Data analysis and interpretation: K Tanakaya, N Kanaya; (VI) 

Manuscript writing: All authors; (VII) Final approval of manuscript: All authors. 

Correspondence to: Nobuhiko Kanaya, MD, PhD. Department of Neurosurgery, Brigham and Women’s Hospital, Harvard Medical School, Boston, 

MA 02115, USA. Email: nkanaya@bwh.harvard.edu. 

Background: Biliary tract cancer (BTC) is a Lynch syndrome (LS)-associated cancer with a high mortality 
rate. This study aimed to clarify the clinical features of BTC in individuals with LS and to discuss its 
management. 
Methods: We obtained data from genetically verified Japanese individuals with LS who were diagnosed at a 
single institution, between January 2003 and April 2021. Moreover, 21 individuals with sporadic BTC (n=15) 
and LS associated BTC (n=6) underwent microsatellite instability (MSI) testing. 
Results: Among 92 individuals with LS, 6 individuals with MLH1 variants developed BTCs (10 lesions, 
male/female, 2:1). The median age at diagnosis of initial BTC was 69 years (range, 34–78 years). Histological 
examination revealed a predominance of differentiated adenocarcinoma (89%). Then, 2 individuals had 
multiple BTCs. All available 7 BTC lesions showed high-frequency of microsatellite instability (MSI-H). 
MLH1 carriers showed a 7.2% cumulative risk of BTC development at an age of 70 years. Five of the six 
individuals died of BTC. 
Conclusions: MSI analysis could facilitate LS identification in individuals with BTC. Surveillance for 
BTC should be considered for MLH1 carriers in Japan.

Keywords: Lynch syndrome (LS); mismatch repair gene (MMR gene); microsatellite instability (MSI); biliary 

tract cancer (BTC); cumulative risk

Submitted Feb 23, 2022. Accepted for publication Aug 02, 2022.

doi: 10.21037/jgo-22-165

View this article at: https://dx.doi.org/10.21037/jgo-22-165

2538

https://crossmark.crossref.org/dialog/?doi=10.21037/jgo-22-165


Journal of Gastrointestinal Oncology, Vol 13, No 5 October 2022 2533

© Journal of Gastrointestinal Oncology. All rights reserved.   J Gastrointest Oncol 2022;13(5):2532-2538 | https://dx.doi.org/10.21037/jgo-22-165

males (2). Compared with Caucasian or African Americans, 
Asian-Pacific Islander men and women have a higher 
rate of extrahepatic BTC development (2). Moreover, 
geographic regions, including North India, South Chili, 
and Poland, are risk factors for gallbladder cancer (3). 
Surgical resection with lymph node dissection is the main 
treatment (4-7). Although novel chemotherapies have 
been developed, BTCs remain highly malignant, with even 
complete surgical resection yielding a low 5-year survival 
rate (11–30%) (8,9). 

Several risk factors for BTCs have been identified, 
including primary sclerosing cholangitis, biliary tract stones, 
pancreaticobiliary malfunction, infection, and toxic exposure 
(1,4). Additionally, several genetic factors, including Lynch 
syndrome (LS), BAP1 tumor predisposition syndrome, 
cystic fibrosis, and multiple biliary papillomatosis, are 
associated with an increased risk of BTC (10,11). 

LS is among the most common inherited cancer 
syndromes related to pathogenic germline variants in 
mismatch repair (MMR) genes or epithelial cell adhesion 
molecule (EPCAM) (12). LS is associated with various 
tumor types, including colorectal, endometrial, ovarian, and 
biliary cancers (13,14). Compared with sporadic cancers, 
colorectal cancer (CRC) and endometrial cancer (EC) have 
longer survival (15,16). On the other hand, relatively rare 
LS-associated cancers, including brain tumors, pancreatic 
cancer, and BTC, have high mortality rates.

This study aimed to investigate the clinical features 
of BTC in individuals with LS, assess the utility of 
microsatellite instability (MSI) testing for LS identification 
in individuals with BTC, and discuss the surveillance 
indications for BTC in individuals with LS. We present the 
following article in accordance with the STROBE reporting 
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-22-165/rc).

Methods

Clinical features of BTC in LS

We conducted a retrospective review of LS individuals at 
the Iwakuni Clinical Center between January 2003 and 
April 2021. MSI testing on individuals who met Bethesda 
guidelines was performed (17). Probands underwent 
genetic testing if they presented with high-frequency of 
microsatellite instability (MSI-H) tumors or met a modified 
Amsterdam II criteria (18), which includes gastric cancer 
as among the LS-associated tumors since it is common in 

Asian individuals with LS. Data regarding age at diagnosis, 
variant type, tumor location, histological type, stage, 
treatment, follow-up, and surveillance were collected 
from pathological germline variant carriers and obligate 
carriers. The BTC location was classified according to 
WHO classification (5th edition). The spectrum and 
clinicopathological characteristics of BTCs in individuals 
with LS were explored.

Germline mutation analyses

Genomic DNA was extracted from peripheral blood 
samples using a standard phenol extraction and purification 
procedure. Germline variant analyses were performed 
by direct sequencing of the entire coding region of 
MLH1, MSH2, and MSH6 (19,20). In case there were no 
deleterious gene variants, multiplex ligation-dependent 
probe amplification was performed using a SALSA MLPA 
MLH1/MSH2 probemix assay. From 2014, genetic analysis 
was performed using a multi-gene panel that included 
MLH1, MSH2, MSH6, PMS2, and EPCAM (20), as 
previously described. Variants were assessed using the 
InSiGHT classification criteria (http://insight-group.org/
variants/classifications/); moreover, individuals with Class 
4 (likely pathogenic) or Class 5 (pathogenic) variants were 
considered to have LS. Before genetic testing, individuals 
underwent genetic counseling from clinical geneticists; 
further, they provided written informed consent. This 
study was approved by the institutional review board of 
the Iwakuni Clinical Center (No. 2774). The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). 

MSI analysis for sporadic and LS cases

To compare the MSI status of BTC between sporadic and 
LS cases, we collected tissue samples from 21 consecutive 
individuals with primary BTC who underwent surgical 
resection between July 2008 and May 2014 at Iwakuni 
Clinical Center. Among 21 lesions of BTCs, 6 lesions have 
been obtained from 5 individuals with LS (Figure S1).  
MSI analysis was performed on surgically resected paraffin-
embedded tumor specimens. Polymerase chain reaction 
analysis was performed targeting five markers: BAT25, 
BAT26, D2S123, D5S346, and D17S250. Tumors were 
classified as MSI-H (≥2 out of 5 markers), low-frequency 
of microsatellite instability (MSI-L, 1 out of 5), or 
microsatellite stable (MSS; 0 out of 5) (17).

https://jgo.amegroups.com/article/view/10.21037/jgo-22-165/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-22-165/rc
https://cdn.amegroups.cn/static/public/JGO-22-165-Supplementary.pdf
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Statistical analysis

Data are presented as medians (range) or percentages. The 
cumulative risk of developing BTC in individuals with LS 
was analyzed using a Kaplan-Meier plot. Statistical analyses 
were performed using JMP software (version 14, SAS 
Institute Inc.).

Results

The spectrum of the initial cancer

A total of 92 individuals from 30 families were identified to 
have pathogenic MMR gene variants (Table 1). The male-
to-female ratio of the 92 individuals was 42:50. Moreover, 
75, 16, and 1 patient had MLH1, MSH2, and MSH6, 
respectively. Among the 92 individuals, 70 developed 
cancers. The initial cancers included colorectum (43/70, 
61%), endometrium (14/38, 37% among females), gastric 
(5/70, 7%), ovary (4/38, 11% among females), and biliary 
tract (2/70, 3%) cancers. The median age at initial cancer 
diagnosis was 44 years (range, 17–78 years).

Clinical features of the BTC in individuals with LS

Among the 92 individuals, 6 individuals developed BTCs 
(Figure 1, Table 2). Six patients with BTC had MLH1 
variants, with a male-to-female ratio of 2:1 (Tables 2,3). The 
median age at diagnosis of initial BTC was 69 years (range, 

Table 1 Background of individuals with LS

Background Values

Individuals 92

Male/female 42/50

Germline variant

MLH1 [obligation carrier] 75 [20]

MSH2 16

MSH6 1

Age at the last follow-up, years 56 (23–90)

Individuals who developed any cancer 70 (76%)

Age at initial cancer, years 44 (17–78)

Origin of initial cancer 

Colorectum 43

Endometrium 14

Gastric 5

Ovary 4

Biliary tract 2

Small intestine 1

Brain 1

Individuals who developed BTC 6

Age at initial BTC, years 69 (34–78)

Data are presented as number, median (range) or n (percentage). 
LS, Lynch syndrome; BTC, biliary tract cancer. 

Individuals with Lynch syndrome
 (n=92)

MLH1
n=75

Patients with BTCs
n=6

MSH2
n=16

Patients with BTCs
n=0

MSH6
n=1

Patients with BTCs
n=0

Lesions of BTCs
n=10

(Between January 2003 and April 2021)

Figure 1 Flow diagram for BTC in individuals with LS. BTC, biliary tract cancer; LS, Lynch syndrome. 
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34–78 years). The BTC locations included 1 (1/9, 11%), 3 
(3/9, 33%), 4 (4/9, 44%), 1 (1/9, 11%) in the intrahepatic 
biliary tract, peri-hilar biliary tract, distal biliary tract, 
and duodenal papilla of Vater (P. Vater), respectively. 
Histological subtypes of the nine specimens included four 
(4/9, 44%), four (4/9, 44%), and one (1/9, 11%) well, 
moderately, and poorly differentiated adenocarcinomas, 
respectively. Then, biliary intraepithelial neoplasia and 
intraductal papillary neoplasm of the bile duct were not 
detected in the nine lesions. Further, medullary growth 
pattern, which is the one of the unique features of LS 
associated CRC, was also not found in the lesions. Then, 
MSI analysis was tested in 7 lesions because other 2 lesions 
in case 3 was too small. All seven specimens showed 
MSI-H. The UICC (7th revision) stages included four 
(4/9, 44%), three (3/9, 33%), and two (2/9, 22%) at stages 
I, II, and IV, respectively. The incidence of synchronous 
and metachronous BTC was 17% (1/6) and 33% (2/6), 
respectively. Interestingly, case 3 had synchronous four 
lesions, in which two tumors showed MSI-H. The 
cumulative risks of individuals with an MLH1 pathogenic 
variant at 60, 70, and 75 years of age were 3.2%, 7.2%, and 
13.4%, respectively (Figure 2). 

MSI analysis for sporadic and LS cases

MSI analysis for BTC samples was performed to assess the 
MSI-H among individuals with BTC, including sporadic 
and LS cases. Among the 21 lesions, 6 and 15 lesions had 
MSI-H and MSI-L/MSS, respectively (Figure S1). All six 
MSI-H lesions were obtained from individuals with LS.

Discussion

Our findings suggest that MSI analysis is an effective 
screening tool for identifying LS in individuals with BTC. 
Additionally, our findings indicate the need to conduct 
surveillance for BTC in MLH1 carriers living in countries 
with high risks for BTC. 

Accurate LS diagnosis is crucial since various risk-
reduction strategies, including surveillance, prophylactic 
surgery, and chemoprevention, might improve clinical 
outcomes. The efficacy of surveillance for LS has been 
demonstrated in CRC. Specifically, a 3-year colonoscopy 
surveillance was found to reduce CRC-caused mortality 
by 65% (21). Even an extended surgery can be an 
alternative treatment for CRC since there is a higher risk of 
metachronous CRC in MLH1 and MSH2 carriers (22).T
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Since MSI is a hallmark of LS tumors, many guidelines 
recommend universal screening for individuals with CRC 
and/or EC through MSI analysis. In LS, 90% of CRCs 
showed MSI-H. However, the frequencies of LS-associated 
tumors with MSI-H vary depending on the cancer origin. 
Specifically, colon, stomach, ovary, and ureter cancers 
show MSI-H >80%; bladder, endometrium, and kidney 
cancers show MSI-H ≤50%; and breast and brain tumors 
show MSI-H <35% (23). Unfortunately, there have been 
limited studies on the MSI status of BTC for both sporadic 
and LS cases. Additionally, MSI-H is not specific to LS. 
In most cases, MSI-H presence is indicative of epigenetic 
hypermethylation of the MLH1 promoter region. Recent 
studies have reported a 1–3% frequency of sporadic MSI-H 
tumors in BTCs (24,25). In this study, all BTC lesions (n=7) 
in 5 individuals with LS showed MSI-H. On the other 
hand, all BTC lesions (n=15) in 15 individuals with sporadic 
BTCs showed MSS or MSI-L. Therefore, MSI analysis 
might be an efficient screening tool for BTCs to identify 
LS. Given the fact that life time risk of BTC is lower than 

CRC, MSI analysis might be recommended when patients 
with BTC have family or personal history of LS.

Although the cumulative risk of BTC in LS is relatively 
low, BTC is highly malignant, with an average 5-year 
survival rate of 29% (26); further, it is among the main 
mortality causes in LS (27). Additionally, the MLH1 variant 
was predominant in BTC (28). A recent prospective study 
reported that the cumulative risk of BTC at 75 years of 
age was 3.7%, 1.7%, and 0% for MLH1, MSH2, and 
MSH6, respectively (26). In our study, the cumulative 
risk of BTC in Japanese MLH1 carriers was notably high, 
which was at 7.2% and 13.4% at 70 and 75 years of age, 
respectively. The BTC risk in Japanese individuals with the 
MLH1 variant is similar to that in individuals with primary 
sclerosing cholangitis, which is associated with an increased 
lifetime risk of BTC (5–20%) (29). Of the two patients who 
developed BTC as their initial cancer, one developed BTC 
at 78 years old. In individuals with LS, MLH1 variant is 
reported to be a risk factor to develop BTC (26). Besides, 
family history of BTC was observed in three of the six 
presented cases, suggesting that a family history of BTC 
may also be a risk factor. Aside from development of BTC 
as an initial cancer, it is important to detect asymptomatic 
BTCs by surveillance in order to improve the prognosis of 
individuals with LS. In our institution, we recommend that 
individuals with LS undergo surveillance with hematological 
examination and ultrasound (US), or computed tomography 
(CT) every 12 months beginning at age 40–50 years, 5 years 
prior to the earliest age of BTC diagnosis in the family 
according to some guidelines. 

Despite the lack of evidence, several guidelines 
recommend surveillance for BTC in individuals with 
primary sclerosing cholangitis through imaging, including 
US, CT, magnetic resonance imaging, and/or serum 
carbohydrate antigen 19-9, at 6–12-month intervals (30). 

Figure 2 The cumulative risks of developing BTC in individuals 
with LS. BTC, biliary tract cancer; LS, Lynch syndrome. 
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Table 3 Identified pathogenic germline MMR gene variants in individuals with BTC

Case Proband Reason for genetic testing* Gene variant InSiGHT classification Gene variant status

1 Yes Colon cancer MLH1 (c.381-415_453 + 733del) Class 5 Carrier

2 No Colon cancer MLH1 (c.381-415_453 + 733del) Class 5 Carrier

3 Yes Colon cancer MLH1 (c.70_72delAAG) Class 5 Carrier

4 No N.D MLH1 (c.381-415_453 + 733del) Class 5 Obligation

5 Yes BTC MLH1 (c.545+1G>C) Class 5 Carrier

6 No BTC MLH1 (c.381-415_453 + 733del) Class 5 Carrier

*, cancer types that led to the implementation of genetic testing. MMR, mismatch repair; BTC, biliary tract cancer; N.D, no data. 
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Since some BTC present with increased levels of the liver 
and bile duct enzymes, the blood biochemical tests are 
also applicable in surveillance for BTC (5). In this study, 
we have been able to diagnose 7 asymptomatic BTCs 
among 3 individuals by CT scan and blood biochemical 
tests performed during postoperative follow-up for CRCs 
or BTCs. Then, the three asymptomatic individuals with 
BTCs showed earlier clinical stages and better clinical 
outcomes than other three symptomatic individuals. 
Therefore, surveillance for BTC should be considered for 
MLH1 carriers in Japan with high risk for BTC.

This study has several limitations, including the 
small initial sample size (BTCs, n=10), the majority of 
MLH1 variant, and its retrospective single-center design. 
However, to our knowledge, this is the first report in Asia 
to demonstrate the importance of MSI analysis of BTCs in 
identifying LS, as well as to describe the clinical features 
of LS-associated BTC. Then, the unique features of LS-
associated BTC should be investigate by prospective and/or 
multiple center design and further, it is very critical to build 
useful surveillance tool for BTC to improve overall survival.

Conclusions

Our findings suggested that LS-associated BTC has features 
similar to those of LS-associated CRC, including a high 
cumulative cancer risk, multiple occurrences, and high MSI-H 
incidence. MSI analysis could facilitate LS identification in 
patients with BTC when these patients are suspect to be LS 
by their family history and medical history. Therefore, BTC 
surveillance could be considered for individuals with MLH1 
variants in countries with a high BTC incidence.
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