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Abstract
Background and Aim: Immune checkpoint inhibitors and their combination with
other agents have recently been available in advanced hepatocellular carcinoma
(HCC). Hence, a thorough understanding of the tumor microenvironment based on
tumor samples is yet to be achieved. This study aimed to explore the tumor microen-
vironment in advanced HCC in terms of microsatellite instability-high (MSI-H) by
using tumor samples from advanced HCC patients eligible for systemic therapy.
Methods: MSI-H was assessed by polymerase chain reaction, and the expression of mis-
match repair proteins, PD-L1, CD8, VEGF, and HLA-class1 was evaluated by immuno-
histochemistry. Whole-exome sequencing was performed for MSI-H tumor samples.
Results: Of 50 patients, one (2.0%) was confirmed with MSI-H. In the MSI-H
advanced HCC tumor, a high tumor mutation burden, infiltration of CD8+ lympho-
cytes, and low expression of VEGF were identified. Although PD-L1 expression was
negative, there was shrinkage of tumor following pembrolizumab. However, another
tumor nonresponsive to pembrolizumab was present simultaneously. Checking the
Cancer Genome Atlas (TCGA) database, we found a similar case to this patient. The
TCGA case had unique gene features of miR-21 and miR-155 overexpression and
hypermethylation of the MSH2 gene.
Conclusion: We identified a very small number of MSI-H cases in HCC using one
tumor biopsy sample for each patient with advanced HCC. In addition, epigenetic aberra-
tions possibly lead to MSI-H in HCC patients. Since different HCC clones might coexist
in the liver, sampling from multiple tumors should be considered to clarify the true pro-
portion of MSI-H in HCC and to analyze tumor microenvironments.

Introduction
Deficient mismatch repair (dMMR) is generally caused by
somatic mutations, miRNA-mediated downregulation, or
hypermethylation in MMR protein (MLH1, MSH2, MSH6, and
PMS2) genes, which recognize and correct errors in mismatched
nucleotides.1–4 Errors in MMR lead to the accumulation of muta-
tions in DNA microsatellites, known as microsatellite instability-
high (MSI-H). MSI-H tumors have a unique feature, as they
express a large number of neoantigens due to their high number
of somatic mutations.5 Therefore, MSI-H or dMMR tumors are

expected to benefit from immunotherapy. Based on this theoreti-
cal background, clinical trials of pembrolizumab [anti-
programmed cell death 1 (PD-1) antibody] have been conducted
as a tumor-agnostic treatment in solid MSI-H or dMMR tumors.6

In 2017, pembrolizumab became the first drug to receive tumor-
agnostic approval by the Food and Drug Administration for the
treatment of adult and pediatric patients with unresectable or met-
astatic and MSI-H or dMMR solid tumors that have progressed
following prior treatment and who have no satisfactory alterna-
tive treatment options.7
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The incidence of MSI-H or dMMR is known to vary
widely among cancer types, although they are observed in many
primary cancers. A latest report has demonstrated that MSI-H or
dMMR are found in approximately 30% of endometrial, 20% of
colon or gastric, and less than 5% of most other cancers.8 In
hepatocellular carcinoma (HCC), the incidence is reported to be
low (0–2.9%).9–11 Because of this low incidence, our understand-
ing of HCC with MSI-H or dMMR has been very limited
until now.

Immunotherapy has been developed in advanced HCC in
line with other cancers. Initially, clinical trials of immune check-
point inhibitor (nivolumab and pembrolizumab) monotherapy
were conducted in patients with advanced HCC. In early-phase
clinical trials, the modest effectiveness of immune checkpoint
inhibitors was established.12,13 However, phase 3 trials failed to
demonstrate statistical hypotheses.14,15 In the IMbrave 150 trial,
which compared atezolizumab [anti-programmed cell death
ligand 1 (PD-L1) antibody] plus bevacizumab [a humanized anti-
vascular endothelial growth factor (VEGF) monoclonal antibody]
versus sorafenib in advanced HCC patients with no previous his-
tory of systemic therapy, atezolizumab plus bevacizumab demon-
strated a statistically significant and clinically meaningful
improvement in both overall survival (OS) and progression-free
survival (PFS).16 Nowadays, atezolizumab plus bevacizumab is
the standard of care for front-line systemic therapy in advanced
HCC patients.

Exploring the association between the tumor microenvi-
ronment and treatment effectiveness by analyzing tumor samples
from patients receiving immunotherapy will have essential clini-
cal implications, including regarding mechanisms of resistance
and biomarkers. In advanced HCC, to the best of our knowledge,
there are only a few reports using specimens from early phase
clinical trials of immune checkpoint inhibitors,12,13,17,18 given
the recent development of immunotherapy in this cancer type.
Therefore, we aimed to explore the tumor microenvironment of
advanced HCC patients focusing on MSI-H by using tumor sam-
ples of patients that were eligible for systemic therapy. In the
case of MSI-H advanced HCC, we obtained further details using
comprehensive tumor genome analysis.

Methods

Patient and sample preparation. The present prospec-
tive study was designed as a research for MSI-H in patients with
advanced HCC by performing a tumor biopsy directly before the
administration of any line of systemic therapy. After obtaining
informed consent, we performed the tumor biopsy. Formalin-
fixed, paraffin-embedded (FFPE) blocks were prepared using
biopsy samples, and Hematoxylin-Eosin staining was performed
on fresh 4-μm sections from each block. We analyzed samples,
which were pathologically diagnosed with HCC.

Clinical parameters. Clinical parameters of this study were
collected as follows: baseline demographic data (e.g. sex, age,
etc.), etiology, Child–Pugh class, alpha-fetoprotein (AFP), radio-
logical assessment, Eastern Cooperative Oncology Group perfor-
mance status, and Barcelona Clinic Liver Cancer (BCLC) stage.
The neutrophil/lymphocyte ratio (NLR) was defined as neutro-
phil count divided by lymphocyte count.

MSI-polymerase chain reaction analysis. MSI analy-
sis was carried out using the MSI (FALCO) Kit (FALCO Bio-
systems, Japan), which is approved as a companion diagnosis to
identify patients suitable for treatment with pembrolizumab. The
cumulative number of instable shifts in two or more of the five
marker loci defined MSI-H; in one, MSI-low; and in zero, micro-
satellite stable. Details of polymerase chain reaction (PCR) analy-
sis are described in Supplementary Methods.

Analysis of MMR proteins expression. Analysis of
MMR protein (including MLH1, MSH2, MSH6, and PMS2)
expression was performed by immunohistochemistry (IHC).
Nuclei of tumor cells with intact expression of all four MMR
proteins were defined as proficient MMR (pMMR), and those
with loss of staining or showing a reduced expression of any
MMR protein were defined as dMMR. See Supplementary
Methods for more information.

Analysis of the tumor microenvironment. The tumor
microenvironment was evaluated by PD-L1, CD8, VEGF, and
human leukocyte antigen (HLA)-class1 IHC analyses. We classi-
fied PD-L1 expression as either negative (<1%) or positive
(≥1%) on the basis of the clinical trial assessments of immune
checkpoint inhibitors for advanced HCC.12,13 CD8 expression
was defined as the mean number of CD8+ lymphocytes per
tumor tissue unit in square millimeters. CD8 expression level
was classified as low or high using the median value. Based on a
previous report on HCC, the VEGF expression level cutoff value
was set at 50%.19 Although there are few reports exploring
HLA-class1 expression based on IHC in patients with HCC, we
likewise adopted an HLA-class1 expression cutoff value of 50%
after a discussion with pathologists (Manayu Shiina, Masayuki
Ota, and Jun-ichiro Ikeda). Further instructions can be found in
Supplementary Methods.

Whole-exome sequencing. We performed whole-exome
sequencing of tumor tissues and matched white blood cells in
patients who identified as MSI-H. Oncogenicity was annotated

Table 1 Baseline characteristics of 50 advanced hepatocellular carci-
noma patients with an indication of systemic therapies

Demographics/characteristics

Gender, male (n [%]) 44 (88.0)
Age, >71 years (n [%]) 24 (48.0)
HBV positive (n [%]) 5 (10.0)
HCV positive (n [%]) 20 (40.0)
Alcohol abuse (n [%]) 5 (10.0)
Child–Pugh class A (n [%]) 31 (62.0)
MVI (n [%]) 13 (26.0)
EHM (n [%]) 18 (36.0)
BCLC stage C (n [%]) 25 (50.0)
AFP, >400 ng/mL (n [%]) 15 (30.0)
Any pretreatment (n [%]) 36 (72.0)
Treatment history of systemic therapy (n [%]) 27 (54.0)

AFP, alpha-fetoprotein; BCLC, Barcelona clinic liver cancer; EHM, extra-
hepatic metastasis; HBV, hepatitis B virus; HCV, hepatitis C virus; MVI,
macrovascular invasion.
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using OncoKB.20 More details of whole-exome sequencing are
shown in Supplementary Methods.

Data collection and analysis from TCGA-liver
hepatocellular carcinoma. A somatic mutation dataset
(ID: mc3_gene_level/LIHC_mc3_gene_level.txt), a gene expres-
sion RNA sequencing dataset (ID: TCGA.LIHC.sampleMap/
HiSeqV2), an miRNA mature strand expression RNA sequencing
dataset (TCGA.LIHC.sampleMap/miRNA_HiSeq_gene), and a

DNA methylation dataset (TCGA.LIHC.sampleMap/Human-
Methylation450) were downloaded using the UCSC Xena
Browser (https://xenabrowser.net/). Subsequently, somatic muta-
tion, MSH2 mRNA expression, MSH6 mRNA expression, miR-
21 expression, miR-155 expression, and MSH2 DNA methyla-
tion in HCC were subjected to secondary analyses.

Tumor mutation burden calculation. Tumor mutation
burden (TMB) was defined as the number of nonsynonymous

Figure 1 Microsatellite instability-polymerase chain reaction (MSI-PCR) analysis and mismatch repair (MMR) protein expression. MSI-PCR analysis
of five mononucleotide repeat markers (BAT-25, BAT-26, NR-21, NR-24, and MONO-27). Instable shifts to the left in BAT25 and NR24 were found in
the tumor DNA (a) compared with the normal tissue DNA (b). IHC analysis of MMR protein (MLH1, MSH2, MSH6, and PMS2) expression in the pro-
ficient MMR (pMMR) tumor. The pMMR tumor showed intact expression of all four MMR proteins (c). IHC analysis of MMR protein expression in
the deficient MMR (dMMR) tumor. The dMMR tumor showed a reduced expression of MSH2 and MSH6 proteins (d). Scale bar = 100 μm.
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mutations per megabase of coding sequence. In this study,
18 919 genes (32 824 034 bp) were calculated as coding
sequences.

Results

Baseline characteristics of the study population.
Between March 2019 and April 2020, 58 patients underwent
tumor biopsy from intrahepatic lesion (55 patients), bone meta-
static lesion (2 patients), or lung metastatic lesion. Based on
pathological diagnosis, we excluded eight patients for the reasons
mentioned bellow; five patients did not have a definitive patho-
logical diagnosis, and three patients had a pathological diagnosis
other than HCC (intrahepatic cholangiocarcinoma, neuroendo-
crine carcinoma, and gastrointestinal stromal tumor). The base-
line characteristics of 50 patients with a pathological diagnosis of
HCC are summarized in Table 1. The median age was 71 years
old. The majority of the etiology was hepatitis C virus (40.0%),
followed by hepatitis B virus (10.0%) and alcohol abuse
(10.0%). At the baseline radiological assessments, 26.0 and
36.0% of patients were found to have macrovascular invasion
(MVI) and extrahepatic metastasis (EHM), respectively. We

observed 27 patients (54.0%) with a previous history of systemic
therapy.

Identification of MSI-H in advanced HCC patients.
In our patient cohort, one patient with MSI-H was identified
using PCR analysis (2.0%). Compared with normal tissue DNA,
the tumor DNA showed instable shifts in BAT25 and NR24
(Fig. 1a,b). MMR protein expression was also evaluated in all
50 patients. Compared to a pMMR tumor, the MSI-H tumor
showed reduced expression of MSH2 and MSH6 proteins, mak-
ing it a dMMR tumor (Fig. 1c,d). The NLR of the patient with
the MSI-H was 3.9, which was higher than for other patients
included in this study (median NLR, 3.2).

Clinical course of the advanced HCC patient with
MSI-H. The patient we identified as MSI-H was an 83-year-old
male who had been treated with local ablation, transcatheter arte-
rial chemoembolization, and sorafenib. We confirmed more than
seven nodules in the liver with a maximum diameter of 51 mm
on radiological imaging at the time of sorafenib discontinuation.
Both MVI and EHM were not found, and the patient was classi-
fied as BCLC stage B. He received liver tumor biopsy from

Tumor #1
(MSI-H)

Tumor #2
(Unknown)

Before pembrolizumab administration After six cycles

Before pembrolizumab administration After six cycles

a

b

Figure 2 Computed tomography scan images of the microsatellite instability-high (MSI-H) advanced hepatocellular carcinoma patient. Tumor #1
was identified as MSI-H from the biopsy samples. Images comparing tumor #1 status before pembrolizumab administration and after six cycles
showed shrinkage (a). Tumor #2 was not examined by MSI-polymerase chain reaction analysis and it apparently enlarged (b).
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tumor #1 (Fig. 2a) immediately after sorafenib failure. The PCR
and IHC images of this patient are shown in the previous section.
Based on this finding, pembrolizumab was initiated every
3 weeks. He discontinued pembrolizumab 3.3 months (6 cycles)
after starting treatment, due to severe ascites. Comparing radio-
logical assessments at the baseline and end of treatment, the

tumor diagnosed as MSI-H on biopsy showed shrinkage (base-
line: 51 mm, at the end of treatment: 34 mm). On the other hand,
an apparently enlarging tumor was found at the segment 3 in the
liver (baseline: 27 mm, at the end of treatment: 46 mm)
(Fig. 2b). According to RECIST version 1.1,21 we determined
the best overall response to be stable disease.
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Figure 3 PD-L1, CD8, VEGF, and HLA-class1 expression. A total of 32.0% of advanced hepatocellular carcinoma (HCC) patients were classified as
PD-L1 expression level ≥1% (a). PD-L1 expression level of the patient with microsatellite instability-high (MSI-H) was <1% (b). The median number
of CD8+ lymphocytes in all advanced HCC patients was 195/mm2 (c). The number of CD8+ lymphocytes of the MSI-H tumor was 403/mm2 (d). Six-
teen percent of advanced HCC patients categorized as high VEGF expression (>50%) (e). VEGF expression levels of the patient with MSI-H were
0% (f). Among advanced HCC patients, 56.0% categorized as high HLA-class1 expression (>50%) (g). HLA-class1 expression levels of the patient
with MSI-H were ≤50% (h). Scale bar = 100 μm.
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Assessment of the tumor microenvironment in
the MSI-H patient according to IHC. We evaluated PD-
L1, CD8, VEGF, and HLA-class1 to explore the tumor microen-
vironment of the MSI-H patient in the advanced HCC cohort. Of
50 patients in the present study, 16 patients (32.0%) classified as
PD-L1 expression level ≥1% (Fig. 3a), although PD-L1 expres-
sion level of the patient with MSI-H was <1% (Fig. 3b). The
median number of CD8+ lymphocytes in all advanced HCC
patients was 195/mm2 (Fig. 3c). The number of CD8+ lympho-
cytes of the MSI-H tumor was higher than that of the whole
study population (median level: 403/mm2) (Fig. 3d). According
to the VEGF expression level classification assessed by IHC,
16.0% of advanced HCC patients categorized as high expression
group (>50%) (Fig. 3e). We could not observe VEGF expression
in the MSI-H tumor (0%) (Fig. 3f). We also assessed HLA-class1
expression level by IHC and 56.0% of the whole study popula-
tion was classified as high expression level (>50%) (Fig. 3g).
HLA-class1 expression level of the patients with MSI-H was
confirmed as lower expression level (≤50%) (Fig. 3h).

Comprehensive genome analysis of the MSI-H
tumor patient. Figure 4a indicates the TMB of 363 HCC
patients from the TCGA database and the MSI-H patient from

our cohort. The median TMB of the TCGA cohort was 2.2/Mb
and that of the MSI-H patient was extremely higher (15.4/Mb).
Single nucleotide variants, insertions and deletions, and copy
number variation of oncogenic genes in the MSI-H tumor are
summarized in Tables S1 and S2. Some nonsynonymous muta-
tions and amplifications of oncogenic genes were detected in the
MSI-H tumor. Next, somatic mutations in the MMR genes were
examined to explore whether MSI-H tumors were caused by
genetic or epigenetic aberration patterns. In the MSI-H patient,
nonsynonymous mutation was not detected in MSH2 genes (-
Table S3). Therefore, the hypothesized causes of dMMR in the
MSI-H patient in our cohort were miRNA-mediated down-
regulation or hypermethylation in MMR proteins: aberrant epige-
netic patterns.1–4 Unfortunately, because of the lack of residual
specimens, we were unable to perform detailed analyses of the
miRNA or the methylation of this MSI-H patient. Thus, we
attempted to explore similar cases in the TCGA database with
the assessments of MSH2 mRNA levels. One case identified from
the TCGA database had a markedly reduced expression level of
MSH2 mRNA without nonsynonymous mutation in the MSH2
gene (Fig. 4b). This case was confirmed to have simultaneous
downregulation of both MSH2 and MSH6 mRNA (Fig. 4c). Inter-
estingly, in that case, the correlations between MSH2 mRNA and
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Figure 4 Tumor mutation burden (TMB) and MSH2 epigenetic aberration analyses of hepatocellular carcinoma (HCC) patients from the TCGA data-
base and the microsatellite instability-high (MSI-H) patient from our cohort. TMB plots of 363 HCC patients from TCGA database and the MSI-H
patient from our cohort. The median TMB of the TCGA cohort was 2.2/Mb, and that of our patient with MSI-H was 15.4/Mb (a), MSH2 mRNA
expression (b), MSH2 and MSH6 mRNA expression (c), MSH2 mRNA and miR-21 expression (d), MSH2 mRNA and miR-155 expression (e), and
MSH2 mRNA expression and MSH2 DNA methylation (f) plots of 354 HCC patients from the TCGA database. The patient with a red dot was similar
to the MSI-H patient in our cohort. The correlation was analyzed by Pearson’s correlation coefficient. Statistical analyses were performed using the
SPSS statistical software version 27 (IBM, Chicago, IL, USA).
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miR-21 and between MSH2 mRNA and miR-155 were markedly
inverse (Fig. 4d,e). In addition, we observed hypermethylation of
the MSH2 gene in this case with the downregulation of MSH2
mRNA (Fig. 4f).

Discussion
In the present prospective study, we examined tumor microenvi-
ronment of advanced HCC focusing on MSI-H. In particular, in
case of advanced HCC with MSI-H, we explored the association
between its tumor microenvironment and effectiveness of immu-
notherapy using comprehensive gene analysis. The existence of
heterogeneity in tumor microenvironment of advanced HCC was
also implied through this study. Furthermore, we investigated the
cause of MSI-H in advanced HCC using the TCGA database. At
the threshold of the new era of cancer immunotherapy, we
believe that this study might be a clue to elucidate tumor micro-
environment in advanced HCC.

We found that the rate of MSI-H in patients with advanced
HCC was 2.0% in the present cohort. In Japanese HCC patients,
Kawaoka et al.22 recently documented the rate of MSI-H was
2.4%, with 2 of 82 HCC patients who obtained tumor sample
from biopsy and resection in 49 and 33 patients, respectively.
The rate of MSI in patients with HCC was concordant with that
of several previous reports.9–11 We would like to emphasize that
our study obtained tumor samples at the time of advanced HCC
when systemic therapies were indicated, while most previous
studies included patients that were analyzed using archival sam-
ples. As far as the comparison between previous reports and
ours, the rate of MSI-H might not increase even at the time of
advanced HCC.

This study also confirmed the clinical outcomes of
pembrolizumab in the MSI-H advanced HCC patient in the pre-
sent cohort. Although a dramatic response was not achieved in
the patient unlike in other reports,22,23 tumor shrinkage was
observed in limited nodules, including tumor diagnosed as
MSI-H on biopsy. More interestingly, the patient from our cohort
showed discrepancies in the intrahepatic tumor radiological
response to pembrolizumab. Radiological findings might suggest
that separate clones of the tumor coexist in the patient’s liver.
HCC is known to often be caused by multicentric carcinogenesis
and it is not uncommon that tumors with different clones occur
in the liver simultaneously.24 These features are assumed to
affect the tumor microenvironment of HCC.23 In other cancer
types, a combination of dMMR and pMMR cancers was
observed in gastric cancer with multiple coexisting tumors.25 In
some cases of multiple intrahepatic tumors in HCC patients,
assessment of the tumor microenvironment (including MSI-H)
may need to be conducted for each tumor.

During the present study, we attempted to understand the
tumor microenvironment of the MSI-H advanced HCC patient.
This patient was confirmed to have a high TMB, similar to typi-
cal MSI-H patients with solid tumors reported in a previous arti-
cle.5 Therefore, the tumor of this patient seemingly released
antigens.26 We also observed infiltration of CD8+ lymphocytes
into the tumor in the MSI-H patient in our study, as well as a
low expression of VEGF. However, in this MSI-H patient, PD-
L1 expression was negative. Although the strong correlations
between the expression of PD-L1 and clinical outcomes of PD-1/

PD-L1 inhibitors have been well known in several cancers,27,28

the efficacy of PD-1/PD-L1 inhibitors have been reported in
patients with negative PD-L1 expression.29–31 Several latest
reports indicated that these mechanisms might be considered to
involve the action of PD-1/PD-L1 inhibitors on PD-L1 pathways
of dendric cells, macrophages, or NK cells.32–34 It was demon-
strated here and in the results of a clinical trial of PD-1 inhibitors
that the expression rate of PD-L1 is not high in advanced HCC,
approximately 30%.12,13 In addition, the expression of PD-L1 in
advanced HCC has not been shown to be well correlated with
the efficacy of PD-1/PD-L1 inhibitors and their combination with
other agents.12,13,17 We consider that exploring the mechanism of
the efficacy of PD-1/PD-L1 inhibitors and combination therapy
with other agents in cases of negative PD-L1 expression in
advanced HCC is interesting research question.

Using the TCGA database, we sought to identify cases
that were similar to the MSI-H patient in our cohort, finding a
comparable case with a markedly reduced expression level of
MSH2 mRNA without nonsynonymous mutation in the MSH2
gene. The case was also confirmed to have downregulation of
both MSH2 and MSH6 mRNAs. Therefore, we considered the
possibility that this case from the TCGA database and the MSI-H
patient from our cohort were almost identical. The case from the
TCGA database had several unique gene characteristics, includ-
ing an inverse correlation between the levels of MSH2 mRNA
and miR-21, and MSH2 mRNA and miR-155 (Fig. 4d,e). More-
over, we found the hypermethylation of the MSH2 gene with
downregulation of the MSH2 mRNA in this case (Fig. 4f). Previ-
ous studies suggested that the causes of MSH2 epigenetic aberra-
tion are miR-21 or miR-155 overexpression, or hypermethylation
of the MSH2 gene.4,35–37 Surprisingly, the case we identified
from the TCGA database exhibited all three of those characteris-
tics. Based on that comparison case and our findings, the dMMR
of the MSI-H patient in our cohort is assumed to be a result of
an MSH2 epigenetic aberration caused by miRNA-mediated
downregulation and/or hypermethylation. We consider that the
low incidence of MSI-H in HCC is understandable if only cases
with such a unique genetic abnormality lead to MSI-H.

This study had several limitations but also highlights some
directions for future research. First, more than a single nodule
should be analyzed when assessing tumor microenvironments in
patients with HCC. As much as possible, in the future studies,
multiple nodules should be evaluated to take into account tumor
heterogeneity in HCC. Second, our inability to analyze the levels
of both miRNA expression and MSH2 gene methylation using
specimens from the MSI-H patient led to an insufficient explora-
tion of the mechanism exhibiting dMMR. Although our results
may suggest that the dMMR in the MSI-H patient was the result
of miRNA-mediated downregulation or hypermethylation in the
MMR gene instead of gene mutations, a detailed analysis of the
mechanism leading to dMMR in HCC was not possible because
of the lack of specimens from the MSI-H patient. Furthermore,
assuming that dMMR is an acquired modification in HCC, it would
be interesting to reveal the correlation between progression to
dMMR and the evolution process of carcinogenesis to advanced
cancer in HCC. Recently, Eso et al.36 demonstrated that MSH2 dys-
regulation was induced by tumor necrosis factor–α stimulation.
They also suggested MSH2 dysregulation as a mechanism of
genetic alterations during hepatocarcinogenesis. Based on our results
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and those of Eso et al.,36 the degradation of MSH2 mRNA caused
by an epigenetic aberration may occur at the time of carcinogenesis.
A detailed analysis of the association between alternation to dMMR
and carcinogenesis will be necessary to understand the whole pic-
ture of the tumor microenvironment in HCC. Third, we were unable
to clarify whether the effectiveness of pembrolizumab on the
MSI-H patient in our cohort is related to the specific tumor microen-
vironment according to dMMR. The latest clinical trials indicated
that roughly 20% of patients with advanced HCC responded to
immune checkpoint inhibitor monotherapy (i.e. nivolumab or
pembrolizumab).12,13 Hence, the effect in our MSI-H patient may
not have been related to the tumor microenvironment induced by
dMMR. Currently, there is little understanding of the type of tumor
microenvironment in which immunotherapy is likely to be effective
in HCC. Since atezolizumab plus bevacizumab is widely used in
clinical practice and has been positioned as the standard of care in
the frontline treatment of advanced HCC,16 identifying the tumor
microenvironment where immunotherapy shows efficacy will be
driven by tumor specimens from immunotherapy patients.

In conclusion, using one tumor biopsy sample per case of
advanced HCC in patients that were eligible for systemic thera-
pies, we determined that MSI-H in HCC is extraordinarily rare.
Although further verification is essential, epigenetic aberrations
caused by downregulation by miRNAs and/or hypermethylation
might lead to MSI-H in patients with HCC. Since different HCC
clones might coexist in the liver, collecting samples from multi-
ple tumors should be considered to clarify the true proportion of
MSI-H in HCC and analyze the tumor microenvironment in
patients with HCC.
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