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Purpose: The patients with advanced mismatch repair deficiency (AIMMR) cancers can benefit
from programmed cell death 1 (PD-1) pathway blockade, regardless of the tumor type. Little is
known about the prevalence of dMMR in intrahepatic cholangiocarcinoma (ICC) and combined
hepatocellular-cholangiocarcinoma (cHCC-CC). This study aimed to assess the mismatch repair
(MMR)-related protein expression in patients with ICC and cHCC-CC.

Patients and Methods: Formalin-fixed, paraffin-embedded tumor specimens were obtained
from patients undergoing surgery at the West china Hospital between 2009 and 2017. The
immunoreactions for MLH1, MSH2, MSH6, and PMS2 were investigated to determine the
MMR status.

Results: A total of 97 patients were evaluated, including 73 ICC patients and 24 cHCC-CC
patients. The prevalence of AMMR was only found in two cases of 97 patients (2.06%). Both
patients are ICC. In 24 cHCC-CC patients, no dMMR was observed. They did not receive an
adjuvant chemotherapy after surgery. At the end of the follow-up, one patient was in a tumor-
free state, and the other patient had local recurrence and metastasis. After receiving sintili-
mumab (an immune checkpoint inhibitor [ICI] for PD- 1), the patient had a partial response.
Conclusion: DMMR was detected in few patients with ICC and cHCC-CC. Thus, it is not
recommended to routinely evaluate the MMR status of patients with ICC or cHCC-CC after
surgery, but that of patients with advanced ICC or cHCC-CC should be assessed.
Keywords: mismatch-repair deficiency, intrahepatic cholangiocarcinoma, combined
hepatocellular-cholangiocarcinoma, immune checkpoint inhibitors, prognosis

Introduction

Intrahepatic cholangiocarcinoma (ICC) is the second most common primary liver
malignancy, accounting for 5% to 10% of all primary liver malignancies.' The
incidence of ICC has steadily increased over the last two decades, paralleling the
increase in mortality rates.”> ICC displays different clinical presentations, histo-
morphology, and molecular characteristics from other cholangiocarcinoma.*

The prognosis of patients with ICC remains poor. Surgical resection is the only
chance to cure it, but even with radical resection, recurrence and metastasis are
common. The 5-year overall survival (OS) rate after radical resection was only 20%
to 30%.>° Combined hepatocellular-cholangiocarcinoma (¢cHCC-CC) is a rare pri-
mary hepatic cancer, with a reported incidence of 0.4 to 4.7%.”° ¢cHCC-CC is
closely linked with cholangiocarcinoma, and it presents with a more aggressive

Cancer Management and Research 2021:13 4283-4290 4283
© 2021 Yu et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
5Y NG

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-3869-3856
http://orcid.org/0000-0002-2071-6773
mailto:gouhongfeng1977@wchscu.cn
mailto:xianzexiong123@163.com
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Yu et al

Dove

behavior and poorer prognosis than either HCC or
ICC."™!" All these results underscore the fact that optimal
management for ICC and cHCC-CC remains a challenge,
thus, it is very important to accurately predict the patients
with high risk of recurrence and develop novel effective
anticancer strategies.

Immune checkpoints inhibitors (ICIs) have shown pro-
mising results in several kinds of solid tumor and hema-
tologic malignancies such as melanoma, lung cancer,
renal-cell carcinoma and Hodgkin’s lymphoma. ICIs has
a limited efficacy on biliary tract cancers. This emphasizes
the importance of finding predictive biomarkers.'*!?

DNA mismatch repair (MMR), an important DNA
repair system, can recognize and repair DNA replication
errors and keep the genomic integrity.'* DNA mismatch
repair deficiency (AIMMR) promotes the accumulation of
frameshift mutations in genes coding for microsatellites.
dMMR leading to microsatellite instability (MSI) is an
important mechanism of tumorigenesis.'>'® dMMR can
be caused by germline mutations (Lynch syndrome) or
sporadic mutations in the MMR genes (hMLH1, hMSH2,
hMSH6, and PMS2), or they can be silenced through
promoter hypermethylation, typically in the MLH1 gene.

dMMR can occur in all types of human cancer, but it most
commonly occurs in colorectal and endometrial cancers.'”"”
According to recent data, the MMR status can play an impor-
tant role in the prognosis and modulate the sensitivity to
immunotherapy, which renews the interest for MMR testing.
death-1 (PD-1) blockade
a promising activity in dAMMR/MSI-H gastrointestinal cancers

Programmed cell showed
including cholangiocarcinoma.?*** Pembrolizumab, an ICI
for PD-1, has been approved by the US Food and Drug
Administration (FDA) as a treatment strategy for various
types of unresectable or metastatic solid tumors with MSI-H/
dMMR.

However, only few studies have characterized the MMR
status of patients with ICC and cHCC-CC. This study aimed
to explore the expression profile of the MMR protein in
curatively resected surgical specimens of ICC and cHCC-
CC at the West China Hospital in China.

Patients and Methods

Patients and Specimens

From January 2009 to June 2017, a total of 97 patients
with ICC or cHCC-CC that underwent curative resection
at the West China Hospital were selected as the study
population and reviewed retrospectively. The paraffin-

embedded tissues from these 97 patients were collected.
The slides from the enrolled samples were histologically
examined and classified as ICC or cHCC-CC. Patients
with distant metastasis and/or noncurative resection (R1
or R2) were excluded from this analysis. All specimens
were cut into 4-pm-thick sections. The immunoreactions
of the specimens for MSH2, MLH1, MSH6, and PMS2
were examined. The tumor stage was determined based on
the 8th edition of the AJCC/UICC tumor-node-metastasis
(TNM) classification system. The OS interval was defined
as the interval between the dates of surgery to death.
Conventional clinicopathologic variables, including age,
gender, hepatitis history, liver cirrhosis, carbohydrate anti-
gen 19-9 (CA19-9), tumor number, size, histologic type,
microscopic vascular invasion, and AJCC stage were col-
lected. The ethical approval was obtained from China
Ethics Committee of Registering Clinical Trials.

Chemicals

The rabbit monoclonal antibody for MSH2 (RED2, dilu-
tion 1:100, ZSGB-BIO), MSH6 (EP49, dilution 1:100,
ZSGB-BIO) and PMS2 (EP51, dilution 1:20, ZSGB-
BIO) was used. For MLH1 (ESO05, dilution 1:20, ZSGB-
BIO), a mouse monoclonal antibody was used.

Immunohistochemistry for MMR

The sections were deparaffinized and rehydrated in
a stepwise manner with decreasing ethanol concentrations.
Antigen retrieval was performed via microwave treatment
in 0.01 mol/L citrate buffer (pH 6.0) at high power for 10
min, then the sections were immersed in 3% (v/v) hydro-
gen peroxide in PBS for 10 min to inhibit endogenous
hydrogen peroxide activity. The slides were incubated at
4°C overnight with primary antibodies, then the sections
were washed in PBS and incubated with peroxidase-con-
jugated Envision™ secondary antibody (Dako, Glostrup,
Denmark) for an hour at room temperature. Specific anti-
gen-antibody reactions were visualized with 0.2% diami-
nobenzidine tetrahydrochloride, and counterstaining was
performed using Mayer hematoxylin.

The nuclear immunoreaction was evaluated for all of the
four markers. The stromal cells and lymphocytes and non-
neoplastic epithelium in the sections served as the built-in
positive controls. If the tumor cells in the interest areas showed
an immunoreactive intensity stronger than or equal to that of
the positive controls of each marker, the lesions were consid-
ered as positive. The lesions were considered as negative for
each marker if the tumor cells showed complete loss of
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immunoreaction. The tissue sections were evaluated by two
observers without knowledge about the clinical data, and any
discrepancies between the two observers were resolved by
referring to a multiviewer microscope. MMR-deficient cases
were defined by the loss of at least one of the four proteins, and

the remaining cases were assigned to MMR proficiency cases.

Results

A total of 97 samples were enrolled. The clinical charac-
teristics of the patients with examined tumors are listed in
Table 1. The study group consisted of 64 men and 33
women. The mean age of the patients was 55.37 years
old (22-77). 47 (48.45%) had hepatitis B. Histologic
examination showed that 73 were of ICC, 24 of cHCC-
CC. Of the 97 patients, 29 (29.9%) had lymph node
metastases. Based on the AJCC 8th edition, 7%, 15%,
34% and 41% of patients had stage I, II, IIIA and IIIB,
respectively. According to the results of the histologic
examination, 3, 47 and 23 of the 73 ICC patients were
well-differentiated, moderately differentiated and poorly
differentiated, respectively.

Table | Clinnical Characteristics of Patients

Variable Variable N %
Sex Male 64 66.0
Female 33 340
Age <55 years 40 41.2
>55 years 57 58.8
Localization ICC 73 753
cHCC-CC 24 247
Tumor stage | 7 7.2
Il I5 I5.5
A 34 35.1
B 41 423
Immunohistochemistry of MMR pMMR 95 97.9
dMMR 2 2.1
Pathologic grade of ICC Gl 3 3.1
G2 47 48.5
G3 23 237
Lymphnode metastasis NO 68 70.1
NI 29 29.9
Hepatitis B Present 47 48.5
Absent 50 51.5

Abbreviations: ICC, intrahepatic cholangiocarcinoma; ¢HCC-CC, combined
hepatocellular-cholangiocarcinoma; MMR, mismatch repair; pMMR, mismatch
repair—proficient; dMMR, mismatch repair-deficient.

The immunohistochemistry (IHC) for MMR was suc-
cessfully performed in 97 cases. Of the 97 patients (ICC
n=73, cHCC-CC n=24), 71 ICC patients and all cHCC-CC
were positive for MLH1, PMS2, MSH2, and MSH6.
A representative example of the positive MMR protein
expression is shown in Figure 1. The loss of MMR-related
protein was observed in only 2 ICC cases (2.06%; 2/97),
one lost MLHI1, and the other one lost MLH1 and PMS2
(Figure 2). Due to the small number of dMMR cases, the
association between dMMR and the clinicopathological
features and prognosis of patients could not be established.

Of the two patients with dMMR, one was T3NOMO,
moderately differentiated and is still alive without local
recurrence and metastasis by the end of the follow-ups.
Another was T3NOMO and moderately differentiated. The
patient had local recurrence and abdominal lymph node
and peritoneum metastasis. This patient was tested by
next-generation sequencing (NGS), which indicated that
the patient’s tumor mutation burden was 79.5 mutations/
megabase (mut/Mb). Then the patient started a cycle of
gemcitabine combined with cisplatin chemotherapy. After
chemotherapy, the patient developed grade III thrombocy-
topenia and chemotherapy was terminated. After that, the
patient started treatment with sintilizumab (an ICI for PD-
1). The patient obtained PR and is still under treatment,
and the duration of remission has lasted for 12 months
(Figure 3).

Discussion

Both ICC and cHCC-CC are aggressive diseases with
a dismal prognosis, and novel treatment options are
granted. According to several published reports, patients
with dMMR cholangiocarcinoma might benefit from
immune-modulating therapy. In this study, dMMR was
only found in two cases of 97 (2.06%) ICC and cHCC-
CC patients. One of the two cases had local recurrence and
metastasis, and this patient benefited from ICI. Our study
included 24 patients with cHCC-CC. No dMMR were
found in 24 cHCC-CC patients. This is the first report on
the MMR status of cHCC-CC patients.

Although ICIs have an unprecedented efficacy and have
become the standard therapy for many cancers. ICIs have
limited efficacy for biliary tract cancers and may cause serious
side effects, which highlights the importance of developing
predictive biomarkers.'*'> Recently, Le et al found that
patients with MMR-deficient colorectal cancer had clinical
benefit from immune checkpoint blockade, and similar
responses were also found in patients with MMR-deficient
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Figure | Intrahepatic cholangiocarcinoma staining. (A) Hematoxylin and eosin staining. Inmunohistochemical analysis of samples positive for (B) MLHI, (C) MSH2, (D)

MSH6, and (E) PMS2. Magnification: % 200.
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Figure 2 Immunohistochemical analysis of the two dMMR patients. (A) MLH I-negative (case 1); (B) and (C) MLHI and PMS2-negative (case 2). Magnification: x 200.

The FDA
has granted an approval for pembrolizumab for MSI-H/
dMMR tumors irrespective of the cancer site.”> With the
approval of ICIs for solid tumors with MSI-H/dMMR, the
MMR status has been increasingly investigated in recent

cholangiocarcinoma and ampullary carcinoma.”'

years.

dMMR is most frequently found in colorectal and
endometrial cancers, but it also occurs in other cancer
types. A recent study analyzed the MSI in 18 cancer
types, and MSI-positive tumors were identified in 14 of
the 18 cancer types, which suggests that MSI may be
a generalized cancer phenotype. MSI-positive patients are
found in a small number (<5%) of kidney renal clear cell
carcinoma, rectal adenocarcinoma, prostate adenocarci-
noma, ovarian serous cystadenocarcinoma, glioblastoma

multiforme lung adenocarcinoma, head and neck squa-
mous cell carcinoma, hepatocellular carcinoma (HCC),
lung squamous cell carcinoma, bladder urothelial carci-
noma, and low-grade brain glioma.?* Our study on patients
with ICC and cHCC-CC observed a 2.06% prevalence of
dMMR based on IHC. Although biliary tract cancers have
been shown to be a part of the Lynch syndrome tumor
spectrum,®
study had Lynch syndrome.

MSI is a phenotype resulting from a defect in MMR
genes, so polymerase chain reaction (PCR), IHC or NGS
can be used to determine the MSI or MMR status. In the
previous literature, PCR was most used to detect MSI. Due
to the different MSI detection methods and definitions by
PCR, the proportion of MSI-H in cholangiocarcinoma was

neither of the two patients with dAMMR in our
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Figure 3 CT scan of case 2. The orange boxes represent local recurrence. The arrows represent abdominal lymph node and peritoneum metastasis. Baseline CT scan
before immunotherapy: (A) and (B). CT scan after three cycles of sintilimumab treatment: (C) and (D). CT scan after six cycles of sintilimumab treatment: (E) and (F). CT

scan after |12 cycles of sintilimumab treatment: (G) and (H).

inconsistent, which fluctuated between 0% and 18.2% in
different literature reports. Sessa et al and Saetta et al
found no MSI in gallbladder
a microsatellite analysis at only mononucleotide locus
BAT-26.2%?" A study on 102 German patients with

cancers based on

cholangiocarcinoma found one to be MSI-high based on
pentaplex PCR for five quasimonomorphic mononucleo-
tide repeats (BAT-25, BAT-26, NR-21, NR-22, and NR-
24).%® Goeppert et al analyzed the mononucleotide MSI
marker panel consisting of BAT25, BAT26, and CAT25
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and detected MSI-H in 4/308 CCAs (1.3%).”> Notably,
some studies found higher rates of MSI-H tumors based
on PCR as well. Momoi et al reported an MSI-positive
phenotype in four (18.2%, 4/22) cases of ICC based on the
microsatellite analysis of two mononucleotide loci (BAT-
25, BAT-26) and six dinucleotide locuses (D2S123,
D3S1029, D3S1611, D5S346, D16S402, and TP53).*°
Another trial reported a higher incidence of MSI-H in
patients with extrahepatic bile duct cancer (13.2%) and
ampullary cancer (12.5%) by PCR using seven microsa-
tellite markers.*' At present, using PCR method to detect
two single nucleotide repeats (BAT-25 and BAT-26), three
dinucleotide repeats (D5S346, D2S123, and D17S250), or
five single nucleotide repeats (BAT-25, BAT-26, NR-21,
NR-22 and NR-24) are the most commonly used methods.
In studies using such standards, the proportion of MSI-H
in biliary tumors was relatively consistent, fluctuating
between 1% and 5%.%%%° The IHC for MMR proteins
has been increasingly used to determine the MMR status
in clinical settings and studies. Ju et al reported that 6% of
samples showed dMMR in 96 cases of intra- and extra-
hepatic cholangiocarcinomas.*® Previous studies showed
that the results of IHC with strict quality control to detect
DNA MMR defects were highly consistent with PCR or
NGS.**** MSI-H/dMMR was observed in 2.4% of the
tumors in 1292 patients with biliary tract cancers through
a combination of multiple test platforms, including frag-
ment analysis, IHC and NGS.** In summary, MSI-H/
dMMR accounts for about 1-5% of in biliary tract tumors,
including ICC. The frequency of dMMR status as
observed in our study was similar. So far, there is no
study on the MMR status of cHCC-CC. In our study,
none of the 24 cHCC-CC had MMR protein deficiency.
Several case reports showed that ICIs treatments had
significant effect on cholangiocarcinoma patients with
dMMR/MSI-H. For example, a durable response to ICI was
observed in a patient with an advanced stage, microsatellite-
unstable CCA.*> In our study, we not only assessed the
MMR-related protein status in ICC and cHCC-CC, but also
tracked and reported one case with AMMR of recurrence and
metastasis. The patients with AIMMR had a partial response,
and the sustained remission has lasted for 12 months on
sintilimumab. The underlying mechanism of the MMR status
as a predictive marker for the response to PD-1 blockade has
been clarified in some recent studies. DNA dMMR can lead
to MSI. MSl-related mutations in gene-encoding regions
result in the generation of a large number of highly immuno-
The

genic frameshift peptide neoantigens. increased

mutational burden created neoepitopes responsible for the
immune response in these patients.***’ In a recent study,
cholangiocarcinoma with AMMR/MSI-H showed the same
typical immunophenotype as MSI-H tumors in different
organs. They found immune cell infiltration in the tumor
microenvironment.*® In our study, the patient receiving sin-
tilimumab also had a high TMB.

Because there was only two dMMR cases in our study,
the association between dMMR and the clinicopathological
features and prognosis of patients could not be established.
It was found that IMMR/MSI-H cholangiocarcinoma cases
were more likely to be of atypical histomorphology (solid,
mucinous or signet-ring) in previous studies. The number of
MSI-H cases in these two studies was less than 10.>%-% In
our study, the two patients with dMMR had moderately
differentiated adenocarcinoma and did not show mucinous,
or signet-ring appearance. The correlation between the
dMMR and clinicopathological characteristics needs to be
further clarified in studies with larger sample size.

The MMR status has been shown to provide valuable
prognostic information in several kinds of cancers, especially
in resectable cancers. MMR-deficient colorectal cancer is
associated with a lower stage at diagnosis and improved
stage-specific ~ prognosis  for resectable  colorectal
cancer.***! Moreover, a study on 191 endometrial cancer
patients suggested that MMR-deficient cases are associated
with favorable outcomes.** Goeppert’s study showed that
cholangiocarcinoma patients with MSI-H had a longer OS
after radical resection, although they had a high tumor stage,
and were relatively young.> Because only two patients had
dMMR, the impact of the MMR status on the prognosis
could not be evaluated in our study.

This study had some limitations. First, the cohort was
collected retrospectively. Second, the incidence of dAMMR
was low, and the relationship between dMMR and clinico-
pathological characteristics and survival could not be ana-
lyzed. Third, we only used immunohistochemical methods to
detect the lack of expression of MMR, although the literature
have shown that IHC with strict quality control to detect
DNA MMR defects is highly consistent with PCR or NGS.*

Conclusion

In conclusion, this study revealed the low frequency of
dMMR status in patients with ICC and cHCC-CC,
although those with dMMR/MSI-H might benefit from
ICIs. Thus, it is not recommended to routinely evaluate
the MMR status of patients with ICC or cHCC-CC after
surgery, but the MMR/MSI status should be assessed in
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patients with advanced ICC or cHCC-CC that progressed
after the standard of first-line chemotherapy.
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