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Background and Objective: Immune checkpoint inhibitor (ICI)-based therapy has achieved impressive
success in various cancer types. Several ICIs have been unprecedentedly approved as the treatment
regimens for advanced hepatocellular carcinoma (HCC) in recent decade. Meanwhile, numerous clinical
trials are being performed to exploit more ICIs into initially unresectable HCC and postoperative HCC to
expectantly induce adequate tumor downstaging for further resection or implement adjuvant treatment for
relapse-free survival, respectively. In this review, we aim to summarize some pragmatic histomorphologic,
immunohistochemical, and molecular pathologic parameters which promisingly indicate the response of
neoadjuvant/conversion ICI-related therapy and predict the efficacy of adjuvant/therapeutic ICI-related
therapy for HCC.

Methods: We scarched PubMed using the terms hepatocellular carcinoma, immunotherapy, immune
checkpoint inhibitor, immune checkpoint blockade, conversion therapy, neoadjuvant therapy, adjuvant
therapy, biomarker, pathologic evaluation, pathologic assessment till February 2023.

Key Content and Findings: Although there is no consensus regarding the pathologic evaluation
of relevant HCC specimens, it is encouraging that a few of studies have concentrated on this field, and
moreover, the methods and parameters noted on other cancer types are also worthy of reference. For
the pathologic assessment of HCC specimens underwent immunotherapy, a suitable sampling scheme,
identifying immunotherapy-related pathologic response, and quantification of pathologic response rate
should be emphasized. For the patients of HCC who are scheduled to receive immunotherapy, tumor-
infiltrating lymphocyte, intratumoral tertiary lymphoid structure, programmed cell death ligand 1, Wnt/
p-catenin, microsatellite instability and mismatch repair, tumor mutational burden and tumor neoantigen, as
well as some other signaling pathways are the potential predictive biomarkers of treatment response of ICI.
Conclusions: The management of HCC in the era of immunotherapy arises a brand-new pathological
challenge that is to provide an immunotherapy-related diagnostic report. Albeit many related researches are

preclinical or insufficient, they may tremendously alter the immunotherapy strategy of HCC in future.
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Introduction

Hepatocellular carcinoma (HCC) is the most common
and lethal disease worldwide (1,2). Due to the robust
development in radiography and operative technique,
about one-third of patients with HCC are able to receive
curative therapy encompassing hepatic resection, liver
transplantation, and ablation (3). However, there is still
a huge therapeutic appeal of advanced HCCs unmet in
the individualized therapy and precision medicine milieu.
Indeed, the success of multi-target tyrosine kinase inhibitors
such as sorafenib, lenvatinib, regorafenib, and cabozantinib
unfolds a new era of targeted therapy for advanced HCC (4),
nevertheless the dismal overall survival (OS) still urges
constant exploration.

Within the past few years, immune checkpoint inhibitor
(ICI)-related therapy has gradually exhibited as an available
method for a series of cancer types (5). Among sophisticated
immune checkpoint network, the programmed cell death 1
(PD-1) and PD-1 ligand 1 (PD-L1) axis, as well as cytotoxic
T lymphocyte antigen 4 (CTLA4) are the pivotal backbones
of immunotherapeutic pharmacological design at present (6).
PD-L1 may be upwards on tumor cells, stromal cells, and
myeloid cells and suppresses immune feedback by binding
with its two receptors, PD-1 and CD80 on T cells or antigen
presenting cells (7). The mutual effect of PD-L1 and PD-1/
CD80 inhibits T cell proliferation, cytokine production, and
cytolytic activity bringing about functional inactivation or
exhaustion of T cells (8). CTLA-4 constitutively expresses
on regulatory T (Treg) cells and up-regulates on activated
T cells (9). When CTLA-4 binds to its ligands CD80 and
CD86 on antigen presenting cells, T" cell activation will be
attenuated thereafter (10). The above immune checkpoint
molecules physiologically maintain homeostasis and prevent
autoimmune diseases (11), yet HCC and other cancers also
express them on tumor cells and stromal cells in the tumor
microenvironment (TME) so as to utilize these mechanisms
to ignore and evade anti-tumor immune effect (12,13). A
succession of ICIs are tailored to break up this abnormal
immune phenomenon and liberate the functional immune
cells to attack tumor (14).

As noted in Table 1, ICI is developing rapidly with
dramatic potential in the treatment for advanced stage
HCC (15). Atezolizumab, durvalumab, pembrolizumab,
nivolumab, ipilimumab, dostarlimab-gxly have been
ratified by the National Comprehensive Cancer Network
(NCCN) as the first-line or subsequent-line therapy
options of advanced HCC in the form of single agent or
drug combination (16). In this scenario, it is reasonable to
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Table 1 ICIs related to clinical practice/trial of HCC

Immune checkpoints ICls

PD-1 Nivolumab
Pembrolizumab
Tislelizumab
Camrelizumab
Toripalimab
Sintilimab

PD-L1 Durvalumab
Atezolizumab

CTLA-4

Tremelimumab

Ipilimumab

ICl, immune checkpoint inhibitor; HCC, hepatocellular carcinoma;
PD-1, programmed cell death 1; PD-L1, PD-1 ligand 1; CTLA-4,
cytotoxic T lymphocyte antigen 4.

explore expanding the indication of ICIs in the management
of HCC in other stages. There have been some pilot studies
to apply IClIs to the neoadjuvant, conversion, and adjuvant
therapy of HCC and some of which have acquired positive
results (17,18). Predictably, immune therapy is potential
to penetrate into the whole-course surveillance of HCC
patients in the near future.

As for pathology, two issues are of paramount importance
in the setting of HCC with immune therapy. First,
although the Response Evaluation Criteria in Solid Tumors
(RECIST) is still the gold standard to measure the response
of oncotherapy (19), many studies showed an ambiguous
correlation between the prognostic value provided by new
agents and the evaluating results by this standard in HCC
(20,21). Hence it is urgent to establish a feasible strategy
to justify appraise and quantify the immunotherapeutic-
related pathologic response (PR) of the resected HCC
specimens that underwent neoadjuvant/conversion ICI-
related therapy. Second, in considering that only a subset
of HCC patients derives clinical benefit from ICI-related
therapy, it is important to discover some reliable pathologic
biomarkers to synergistically predict the treatment efficiency
so as to optimize the stratified precise adjuvant or therapeutic
immunotherapy (22). Focusing on these two concerns, in
this review, we aim to summarize the involved studies and
propose our viewpoints on the outstanding questions. We
present this article in accordance with the Narrative Review
reporting checklist (available at https://hbsn.amegroups.com/
article/view/10.21037/hbsn-22-527/rc).
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Table 2 Represent studies of neoadjuvant/conversion ICI-related therapy in HCC

Agents Number of patients Number of resections Number of MPR  Number of PCR  Reference
Nivolumab + cabozantinib 15 12 5 1 27)
Cemiplimab 21 20 4 3 (28)
Nivolumab alone or + ipilimumab 27 20 6 5 (29)
Camrelizumab + apatinib 20 17 4 1 (30)
PD-1 blockade + tyrosine kinase inhibitor 63 10 Not available 6 (81)

ICl, immune checkpoint inhibitor; HCC, hepatocellular carcinoma; PD-1, programmed cell death 1; MPR, major pathologic response; PCR,

pathologic complete response.

Methods
We searched PubMed for the following keywords:

hepatocellular carcinoma, immunotherapy, immune
checkpoint inhibitor, immune checkpoint blockade,
conversion therapy, neoadjuvant therapy, adjuvant therapy,
biomarker, pathologic evaluation, pathologic assessment.
Only the published articles till February 2023 in PubMed
database were included and no limit was put on the study

design type.

Histopathologic assessment of specimens with
ICI therapy

There have been some controversial high-level evidences
discussing whether preoperative neoadjuvant treatment could
benefit surgical prognosis of HCC (23,24). An orchestrated
immunotherapeutic protocol is potential to direct this
argument in a positive orientation (25,26). For instance,
a phase 1b study devoted to the feasibility of neoadjuvant
nivolumab and cabozantinib in patients with unresectable
HCC with 80% of patients achieving curative resection,
and 42% of patients obtaining major pathologic response
(MPR) (27). Another single-arm phase 2 trial enrolled
21 patients with resectable HCC and gave neoadjuvant
cemiplimab with 20 patients underwent surgical resection
afterwards, among whom significant or partial tumor necrosis
was observed in seven cases and the remaining patients
maintained stable disease (28). One more study published
in the same period evaluated the safety and tolerability of
perioperative nivolumab plus or not plus ipilimumab in
resectable HCC with 6 of 27 patients achieving MPR (29).
A recent clinical trial explored the efficacy and safety of
neoadjuvant camrelizumab plus apatinib in patients with
resectable HCC and objective response rate was reached in
33.3% of patients based on modified RECIST (30). A
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retrospective study from China also validated that about
15.9% of patients with unresectable HCC underwent
successful conversion with subsequent radical resection
because of the initial combination therapy with anti-
PD-1 antibodies and tyrosine kinase inhibitors (31). The
aforementioned studies powerfully prove the clinical value
of immunotherapy on the neoadjuvant and conversion
therapy of HCC and promote the relevant clinical practice
(Table 2). With the sharp increase of HCC specimens
underwent immunotherapy, how to conduct a standardized
pathologic assessment to better prompt the treatment
effect and prognosis has become a momentous concern for
pathologists.

Sampling method

Normalized sampling is the premise of any consistent
pathologic evaluation. However, it should be of great
concern that a large number of articles on pathologic
measurement of various cancer types after neoadjuvant
therapy avoid this crucial prerequisite. Furthermore, to
our knowledge, none of the clinical practice guidelines
compiled by the European Association for the Study of
the Liver (32), the American Association for the Study
of Liver Diseases (33), and the NCCN (16), as well as
the standardizing pathology reporting formulated by the
International Collaboration on Cancer Reporting (34) and
the College of American Pathologists (35), mentioned any
sampling schemes of HCC. By comparison, the seven-point
sampling protocol first suggested by us has been widely
used on the HCC specimens in China (36,37). Indeed, we
recognize that this sampling method is mainly delivered in
the initial untreated HCC with simultaneously juggling the
workload and clarifying the diagnosis. It may be insufficient
to accurately evaluate the PR of resected HCC with
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Table 3 Sampling methods for the specimens with neoadjuvant/conversion ICI-related therapy
Cancer type Protocol References
Liver cancer Seven-point sampling method: 4 tissue blocks are sampled from the margin between the tumor and (31,36,37)
tumor-adjacent liver tissue and 1 tissue block is sampled from tumor core
Breast/lung cancer Tissue blocks reflecting the full face of the pretreatment area of involvement are taken of every 1 cm (40-42)

slice containing pretreatment area of involvement or 5 representative blocks of a cross-section of
pretreatment area of involvement per 1 to 2 cm of pretreatment size, up to a total maximum of about

25 blocks for very large tumors

Lung cancer
structure complete histologic sectioning

Pancreatic cancer

Tissue blocks are gathered from the entire cross-section of the maximum dimension of tumor bed to 43)

Small tumors (<2 cm) are entirely submitted and large tumors (>2 cm) are sampled with (44)

representative sections (at lowest two sections per centimeter of the tumor are sampled)

Solid tumor

One complete cross-section from the maximum dimension of the tumor bed is collected and cut (45)

into slides, with an extra one section per centimeter taken for the leftover specimen or submitting
every-other section or even every third section across the largest cross-sectional diameter is rational

for tumors with large dimension (>5 cm)

Breast cancer

A minimum of one block per centimeter of pretreatment tumor size or at least 10 blocks in total with (46)

3 to 5 mm slices is prepared, whichever is greater

ICI, immune checkpoint inhibitor.

neoadjuvant/conversion therapy (38).

Added tissue blocks should be submitted from complete
resected HCC specimens with preoperative therapy, but it
is essential to exactly on behalf of the tumor bed and can
be retrospectively mapped to the gross and/or radiologic
examination (39). Unfortunately, the appropriate sampling
extent is still vacant which is largely owing to the tardy
research progress of preoperative therapy of HCC. Herein,
we would like to introduce some referential sampling
methods used in other cancer types (Table 3). First, the
proposal of the pathologic assessment of residual disease
in the specimens of breast cancer after neoadjuvant
therapy raised by the Residual Disease Characterization
Working Group of the Breast International Group-North
American Breast Cancer Group deserves attention, in which
recommended that the tissue blocks reflecting the full face
of the pretreatment area of involvement should be taken of
every 1 cm slice containing pretreatment area of involvement
or five representative blocks of a cross-section of
pretreatment area of involvement per 1-2 cm of pretreatiment
size, up to a total maximum of about 25 blocks for very large
tumors (40,41). This method also has been applied to the
neoadjuvant anti-PD-1 specimens of resected non-small
cell lung carcinoma and developed an immune-related PR
criterion (42). Moreover, for the neoadjuvant specimens of
resected lung cancer, the International Association for the
Study of Lung Cancer paid more attention to the section
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of the maximum dimension of the tumor bed and blocks
should be gathered from the entire cross-section of the
tumor bed to structure complete histologic sectioning (43).
For the evaluated approach of treated pancreatic ductal
adenocarcinoma, Pancreatobiliary Pathology Society
rendered that small tumors (<2 cm) should be entirely
submitted and large tumors (>2 cm) might be sampled
generously with representative sections (at lowest two
sections per centimeter of the tumor should be sampled) (44).
The specimen handling of pan-tumor pathologic evaluation
to PD-1/PD-L1 blockades designed by Stein et a/. was that
one complete cross-section from the maximum dimension
of the tumor bed should be collected and cut into slides,
with an extra one section per centimeter taken for the
leftover specimen. For tumors with large dimension (>5 cm),
submitting every-other section or even every third section
across the largest cross-sectional diameter is rational (45).
Other various sampling methods suiting for gastrointestinal
tumors (47) and melanoma (48) that underwent neoadjuvant
therapy are not listed because of significantly different
growth pattern from HCC. The similarity of aforesaid
sampling protocols is that: sufficient sampling of the
maximum cross-section of the tumor bed and widespread
sampling of other cross-sections of the tumor bed. The
former section is most likely to contain the most aggressive
cell population of the tumor which represents the most
malignant biological behavior and the most powerful drug
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Figure 1 The architectural pattern of residual tumors (arrows) of HCC after ICI-related therapy (HE staining, x20). (A) Multiple nodules

separated by fibrous septa; (B) single nodule; (C) single nodule with smaller adjacent satellite nodules. HCC, hepatocellular carcinoma; ICI,

immune checkpoint inhibitor; HE, hematoxylin and eosin.

resistance of the tumor. The latter section includes the main
tumor cells which are on behalf of the subjective therapeutic
response. However, although these sampling schemes are
pragmatic for pathological practice, there still exists a wide
gap from comprehensive assessment.

There is no perfect and universal sampling scheme for
assessment of HCC with preoperative immunotherapy
up to now, on the other hand, we believe that the
underlying purpose of this evaluation is to clarify the
efficacy and prompt the prognosis. Overemphasizing the
comprehensiveness of sampling may be unrealistic for HCC
with complex lesions, such as huge volume or multiple
nodules (38). The guidance document Pathological Complete
Response in Neoadjuvant Treatment of High-Risk Early-Stage
Breast Cancer: Use as an Endpoint to Support Accelerated
Approval released by the US Food and Drug Administration
stated that specimens from such patients should have
a minimum of one block prepared per centimeter of
pretreatment tumor size, or at least 10 blocks in total,
whichever is greater, with 3 to 5 mm slices (46). We tend
to the standpoint that a consistent number of sampling
blocks rather than submission of entire tumor may be
more suitable for achieving comparability among medical
centers and is conformed to the actual work. Our study
also revealed that the area proportion of tumor necrosis
after preoperative transcatheter arterial chemoembolization
(TACE) was significantly associated with the early
recurrence of HCC with the pathologic evaluation based on
the seven-point sampling method (49).

Immunotberapy-related bistopathologic response

When immune checkpoint molecules on tumor cells
are aberrantly activated, the host immune system will

© HepatoBiliary Surgery and Nutrition. All rights reserved.

be suppressed thereby, ICIs can subvert this established
cacoethic condition, concurrently if this reversion is too
intense, it is unsurprising that a hyperactivation of the
immune cells will be triggered with consequent immune-
related adverse events (50,51). Given this premise, both
the histological performance of tumor and liver should be
included in the morphological observation of immune-
related histopathologic response.

For the parenchyma of tumor, the architectural pattern of
the viable residual tumor should be regarded. Two previous
studies suggested that the majority of HCC followed by loco-
regional ablation and TACE could be subdivided into three
types: multiple nodules separated by fibrous septa, single
nodule, and single nodule with smaller adjacent satellite
nodules (Figure 14-1C) (52,53). Although this classification
has no prognostic value in patients of HCC with liver
transplantation, we suppose that the distribution of remaining
tumor cells may indicate the response to ICI treatment
and possible recurrence patterns as there have been some
studies confirming that the growth pattern was a significant
prognostic factor of HCCs with liver resection (54,55). It is
explicable that a mass composed of multiple nodules separated
by fibrous septa may be more difficult to render necrosis
because the partition effect of fibrous tissue across the tumor
may assist tumor cells in escaping from destruction of ICIs.
Single nodule with smaller adjacent satellite nodules may point
out the condition of tumor spread within intrahepatic vessels
and predispose to early recurrence. Besides, partial tumor cells
of HCC underwent ICI treatment show the characteristic of
degeneration, including tumor cells shrunken with nuclear
pyknosis and cytoplasmic acidophilic change or tumor cells
enlarged with malformed vacuolar nuclei and prominent
nucleoli (Figure 24,2B), which is sometimes confusing with
tumor cells with poorly differentiated. Ki-67 stain (negative
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Figure 2 Characteristics of degenerated tumor cells of HCC underwent ICI-related therapy. (A) Tumor cells shrunken with nuclear

pyknosis and cytoplasmic acidophilic change (HE staining, x400); (B) tumor cells enlarged with malformed vacuolar nuclei and prominent

nucleoli (HE staining, x200). HCC, hepatocellular carcinoma; ICI, immune checkpoint inhibitor; HE, hematoxylin and eosin.

Figure 3 Characteristics of tumor necrosis of HCC underwent ICI-related therapy (HE staining, x40). (A) Coagulative necrosis with

retaining the tumor structure; (B) coagulative necrosis without retaining the tumor structure; (C) liquefactive necrosis with neutrophilic

infiltration. HCC, hepatocellular carcinoma; ICI, immune checkpoint inhibitor; HE, hematoxylin and eosin.

vs. positive) and distribution of tumor cells (scattered vs.
aggregated) are useful in differentiated diagnosis (56).
The transformation of immunophenotype of tumor cells is
not unexpected and the positive stain of cholangiocyte marker,
such as Cytokeratin 19, may signal drug resistance of tumor
cells (57).

Tumor necrosis was considered as a parameter associated
with clinical outcome of various cancer types with
neoadjuvant therapy (58-60). However, the collaboration
between the necrosis pattern and treatment efficacy of ICIs
is unclear yet in HCC. Intriguingly, a retrospective study
compared the prognosis between HCC patients showing
coagulative necrosis and liquefactive necrosis after TACE
based on computed tomography and concluded that HCC
with liquefactive necrosis was preferred to have a worse
prognosis (61). Another research found that HCC patients
who received TACE combined with molecular targeted

© HepatoBiliary Surgery and Nutrition. All rights reserved.

agents plus ICIs had more liquefactive tumor necrosis than
patients who received TACE combined with molecular
targeted agents (62). Different necrotic pattern may depend
on the coordination the formation of tumor tissue necrosis
and its absorption. Generally, the tumor necrotic tissue is
dissolved and liquefaction by the action hydrolase released
by neutrophil or engulfed by the macrophages, and then
both of them were removed by the peripheral veins and
lymphatics (62). Based on the above results, the ICIs
enhance the anti-cancer effect, but also result in increased
liquefactive necrosis formation, which may represent
adverse outcome. Thus, more studies should be conducted
to investigate the optimal dose of ICIs in clinical practice.
The necrosis pattern of HCC after ICI therapy appears
including coagulative necrosis with/without retaining the
tumor structure and liquefactive necrosis with neutrophilic
infiltration (Figure 34-3C), which may embody the different
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Figure 4 Characteristics of intratumoral stroma of HCC underwent ICI-related therapy (HE staining, x200). (A) Fibrosis with infiltrated

inflammatory cells and hemosiderin deposition; (B) ductular reactions; (C) hemorrhage; (D) foam cells and cholesterol cleft. HCC,

hepatocellular carcinoma; ICI, immune checkpoint inhibitor; HE, hematoxylin and eosin.

effects of ICIs. We recommend distinguishing and reflecting
in the pathologic report.

The characteristics of intratumoral stroma mainly reflect
the TME of HCC (63). Recent advances in preclinical and
clinical studies have increasingly defined the role of TME in
the tumorigenesis and progression of HCC and facilitated
the development of novel molecular targets (64). Fibrosis
with infiltrated inflammatory cells, deposited hemosiderin,
reactive ductular, hemorrhage, as well as cholesterol cleft
are frequently observed in the HCC specimens underwent
ICI therapy (Figure 44-4D). Generally, these stromal
changes may be either as intrinsic characteristics of tumor
or secondary changes as a response of ICI therapy, but
no specific method has been recognized to discriminate
the causation of these stromal phenomena. Remarkably,
continuous researches confirmed dramatic prognostic value
of stromal component in the immune therapy (65), which
reminds us to establish a relevant quantitative assessment
standard (details below).

Patients treated with PD-1/PD-L1 blockades and anti-
CTLA-4 antibodies were associated with 5-10% and up
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to 15% risk of hepatic injury, respectively (66). What is
more, the incidence rate of hepatotoxicity soared to 30%
in tumor patients who received a combination therapy of
anti-CTLA-4 and anti-PD-1/PD-L1 inhibitors (67-69).
Accordingly, it is equally essential to clarify the characteristics
of these ICI-induced liver injuries in the pathologic report.
To date, the morphologic changes of liver affected by
ICIs are well described but incongruent. For instance,
De Martin ez a/. (70) detected that hepatotoxicity-related
histomorphology corresponding to anti-CTLA-4 antibody
and anti-PD-1/PD-L1 antibody were granulomatous
hepatitis (including fibrin ring granulomas and central
vein endotheliitis) accompanied with remarkable CD8"
lymphocytes as well as lobular hepatitis accompanied with
proportional CD4" and CD8" lymphocytes, respectively.
Zen et al. (71) found that patients treated with ipilimumab
or nivolumab showed predominant lobular hepatitis and
mild portal inflammation with presence of large numbers of
CD3" and CD8" lymphocytes plus small amounts of CD20"
B cells and CD4" T cells. Johncilla and co-authors (72)
concluded that the morphologic characteristic of hepatic
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injury observed in the majority of patients with ipilimumab
was an active panlobular or zone 3 hepatitis with marked
CD8" T cells, admixed histiocytes, scattered plasma cells, and
eosinophils. Simoes and his colleagues (73) approved that bile
duct damage and prominent ductular reaction rather than
perivascular changes and hepatitis were the main patterns
of non-tumor liver of HCC underwent nivolumab therapy.
To sum up, the manifestations of ICI-induced liver injury
reported in the literatures are no known pathognomonic
findings (74). We supposed that these heterogenetic results
are owing to three reasons. First, as the majority of patients
of HCC had underlying viral hepatitis, it is hard to evaluate
the pertinent hepatic changes related to ICI therapy. Second,
different morphologic performances may represent short-
term or long-term responses to immunotherapy under the
influence of immune cells with impaired cellular functions.
Third, varied immune checkpoint molecules differentially
enrich in various targeted cells of liver so as to raise diverse
tissue damage. It is necessary for pathologists to routinely
report the pathologic changes in non-tumor liver, such
as bile duct reaction, vascular/perivascular inflammation,
granuloma formation, as well as the grading of hepatitis for
HCC patients with ICI-related therapy. The ultimate goals
of the diagnosis of liver injury are to differentiate background
liver disease, interpret hepatotoxicity, and optimize patient
management.

Quantitative pathologic response rate

Pathologic complete response (PCR) and MPR have been
regarded as the surrogate indicators of tumor response
to neoadjuvant/conversion therapy in order to expedite
assessment of the effectiveness of the agent being tested in
clinical trials (75-77). From the pathological perspective,
there is a lack of sound, standardized, reproducible
algorithm to measure the PR rate of HCC with no
consensus or guideline discussing this issue. The confused
rules of various tumor regression grading systems resulting
in chaotic assessment (78). We advocate the metering
method by using percentage to record the PR rate of
HCC after ICI therapy. After gaining initial experience,
an algorithm of tumor regression grading system will be
designed verifiably pointing at HCC with ICI therapy. The
following controversies and challenges in the assessment of
PR rate are highlighted and waiting for overcome.

What needs to be clarified firstly is that the absolute
sense of PCR is delimited as no viable tumor cells after
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entirely sampling and slicing all specimens, which is
almost impossible to be carried out in the real world, yet
countless studies used this concept. In this regard, we
recommend expounding the scope of sampling before using
this terminology. Second, MPR has been authenticated
as a valuable signal of great prognosis of tumor with
neoadjuvant therapy (79). An optimal threshold of MPR
ought to be orchestrated for efficient evaluation of ICI
therapy and prognostic forecast. The cut-off value of
<10% residual viable tumor was frequently used to define
MPR and widespread conducted in various cancer types
(77,80,81). Chinese standardization for the diagnosis and
treatment of HCC likewise adopted this critical value to
delimit MPR (82). However, the data-driven studies and
rigorous statistical analysis rather than the current anecdotal
approach are indispensable for addressing the best cut-off
value of MPR. Third, it is intelligible that a wider range of
necrosis is largely parallel with a superior curative efficacy
of ICIs, but for the HCC with incomplete PR, dichotomous
implications of tumor necrosis and residual tumor should
be taken into account: (I) treatment response for the ICIs;
(II) filtered drug-resistance tumor cells. The latter one
may lead to more invasive tumor recurrence/metastasis.
There has been no literature considering the significance
of the different morphological characteristics of residual
tumor cells in the pathologic assessment. A risk scoring
calculator for the viable HCC cells with diverse histological
grading, Ki-67 positive rate, tumor distribution, etc. may
be required for further precisely appraising the PR of
HCCs with accordant tumor necrosis rate. Fourth, it is still
questionable whether the regions of fibrotic, hemorrhage,
and other stromal changes should be brought into the area
of tumor bed (38). Different approaches are conducted in
the same cancer type causing a wide variation of results. We
suggest that the whole area within the tumor margin should
be deemed as the tumor bed as HCC is a kind of malignant
tumor with expansive growth pattern generally forming
a well-circumscribed capsule. Furthermore, residual
microvascular invasion and satellite lesion/foci in adjacent
liver is better to be reported independently because of
their invasiveness. Fifth, significant interobserver variation
still persists, especially for HCC with multiple nodules,
dispersive growing pattern, cystic degeneration, and massive
fibrosis, despite best efforts to minimize subjectivity.
Combined with large-section histopathology (83) and
artificial intelligence pathology (84,85) is a promising means
to solve this issue in the future.

HepatoBiliary Surg Nutr 2024;13(3):472-493 | https://dx.doi.org/10.21037/hbsn-22-527


file:///D:\%E7%99%BE%E5%BA%A6%E7%BF%BB%E8%AF%91\baidu-translate-client\resources\app.asar\app.html
file:///D:\%E7%99%BE%E5%BA%A6%E7%BF%BB%E8%AF%91\baidu-translate-client\resources\app.asar\app.html

480

Table 4 Factors that predict response to immunotherapy

Wang et al. Pathologic assessment of HCC with ICI

Factors Potential association with immunotherapy Possible assay type for biomarker assessment

TIL Positive or negative Histopathology, immunohistochemistry

Intratumoral TLS Positive Histopathology, immunohistochemistry

PD-L1 expression Positive Immunohistochemistry

Whnt/f-catenin mutation Negative NGS, immunohistochemistry

MSI and MMR Positive NGS, polymerase chain reaction, immunohistochemistry
TMB and tumor neoantigen Positive NGS

JAK-1/2 mutation Negative NGS

PTEN-STAT3 mutation Negative NGS

TGF-p expression Negative NGS

TIL, tumor-infiltrating lymphocyte; TLS, tertiary lymphoid structure; PD-L1, programmed cell death 1 ligand 1; MSI, microsatellite instability;
MMR, mismatch repair; TMB, tumor mutational burden; JAK, Janus tyrosine kinases; PTEN, phosphatase and tensin homologue; STAT3,
signal transducer and activator of transcription 3; TGF-$, transforming growth factor beta; NGS, next-generation sequencing.

Potential predicted biomarkers of treatment
response of ICI

Despite the extraordinary advancements in immunotherapy,
the majority of patients with advanced HCC receiving ICIs
do not derive survival benefits. The response rates of ICI
monotherapy for HCC range from 15-23% and elevate
to approximately 30% after combination treatment (86).
Moreover, witnessing the extremely high postoperative
recurrence rate of HCC, the clinicians naturally attempt
to deliver ICIs into the postoperative adjuvant treatment
of HCC as a synergism on prognostic improvement. As
such, constant researches are promoting in deciphering
predictive biomarkers of ICI treatment response to enable
precise medicine, defeat drug resistance, reduce side effects
and minimize medical cost in HCC immunotherapy.
Unsatisfactory, in contrast with the significant progress
in non-small cell lung cancer and melanoma (87), the
selected biomarkers predicting ICI response almost
have been verified with poor sensitivity and specificity
in HCC (88). The marked intratumoral heterogeneity
of HCC is supposed to leave this predicament (89). As a
previous study revealed that the heterogeneity of tumor
components was detectable in 87% of cases of HCC in
which only morphology, several immunohistochemical
markers, and individual molecular variations were taken
into account (90). Furthermore, the deep sequencing of
genome impelled the cognition that heterogeneity of HCC
existed not only in the tumor cells but in the infiltrated
immune cells (91). Owing to these complex tumor-
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immune heterogeneities, it is comprehensible that single
biomarker may be insufficient to qualify for predicting
immunotherapy response of HCC. We conjecture that
combined application of biomarkers and testing multisite
of tumor is hopeful to settle this issue but still need more
evidence. In this part, we aim to summarize some salient
and practical pathologic biomarkers that are prospective in
the prediction of ICI response to HCC (Table 4).

Tumor-infiltrating lymphocyte (TIL)

The immune cells in the TME are considered as the main
responders of ICI (92). The TME of HCC consists of
different populations of immune cells, which mainly include
TIL, tumor-associated macrophage, tumor-associated
neutrophil, and myeloid-derived suppressor cell (64). More
in-depth clinical studies were conducted in the TIL along
with wider application into medical procedures.

TIL is on behalf of the host’s anti-tumor response and is
regarded as the central immune component (64). TIL affects
hepatocarcinogenesis not only across directly manipulating
the adaptive immune system and cytokine interactions,
but also via modulating the innate immune system and
angiogenesis (93,94). A stepwise descent in survival time
has been confirmed in HCC with high-, intermediate- and
low-density of TILs (95). Among the diverse subsets of
TIL, CD8" T cells and Foxp3™ Treg cells play the crucial
roles in the activation and suppression of anti-tumor
immunoreaction, respectively. In addition, CD3" T  cells and
CD4" T cells are also indispensable members of TIL while
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their prognostic value and influence on immunotherapy of
HCC is more obscure and debatable, hence a more detailed
discussion is not attempted (96). Activated CD8" T cells can
destroy tumor cells by releasing granzymes and perforin
and then inducing apoptosis mediated by the death ligand/
receptor. They can also regulate the immune system against
tumor cells by secreting cytokines (97). Foxp3™ Treg cells
accelerate tumor proliferation through suppressing anti-
tumor immune response and simultaneously advance tumor
progression by controlling tumor-related inflammation
and sustaining peripheral tolerance (98). For HCC, several
investigations have stated that the high density of CD8" T
cells in the invasive margin, intratumoral, and perivessel
region all had a positive relationship with prognosis
(99,100). Conversely, HCCs with higher density of Foxp3*
Treg cells had worse survival (101). Fueled by the close
link between TIL and immunotherapy, available evidence
suggests its predictive ability in the ICI-related therapy of
HCC (102). For instance, there was a trend significance
between worse clinical outcome in patients of HCC with
nivolumab monotherapy and lower TILs of CD3"/CD8"
cells (103). Among patients with HCC receiving paired
biopsies before and after tremelimumab monotherapy, those
without tumor remission had lower TILs of CD3" and
CDS8" cells than responders (104). For the patients treated
with atezolizumab and bevacizumab, pre-existing high
intratumoral CD8 T cell density and strong expression of
PD-L1 were associated with better prognosis with therapy,
and poorer clinical benefit was associated with high Treg to
effector T cell ratio (105,106). The ratio of PD-1" CD8" T
cells and PD-1" Treg cells in the TME also could forecast
the efficacy of PD-1 blockades (107). HCC with a discrete
population of PD-1 high CD8" T cells was perhaps more
susceptible to ICI-related therapy (108). High expression
of Tregs and of Foxp3 showed a negative correlation with
the expression of a 11-gene signature comprised genes
involved in interferon-y signaling, antigen presentation, and
chemotaxis, which represented a resistant response to anti-
PD-1 therapy (109,110).

From the perspective of routine pathology, a standardized
method to assess the density, type, and distribution
of various immune cells in the TME of HCC is still
without framework. The methodologies of evaluation
of TIL proposed by the International TILs Working
Group (111) and the International Immuno-Oncology
Biomarkers Working Group (112) are notable. Both
consensuses consented that TIL was composed of the
stromal compartment (stromal TIL) and the tumor cell
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compartment (intratumoral TIL). Intratumoral TIL is
defined as lymphocytes that have immediate contact with
tumor cells without intervening stroma, while stromal
TIL is scattered located in the stroma between the tumor
nests without directly interacting with tumor cells. An
assessment of average TILs in the whole tumor area rather
than hotspot area was recommended with a magnification
of x200-400. The discernible difference between these
two tutorials was whether the intratumoral TIL should be
separately reported. Our experience is that the intratumoral
TIL in HCC just as breast cancer is an irreproducible
evaluation parameter among pathologists, which is generally
present in fewer cases and are laborious to observe on
H&E-stained slides than stromal TIL. Therefore, in our
opinion, exclusive of the research purpose, a formal report
on the stromal TIL is satisfactory for reference of ICI
treatment. The denominator used to calculate the stromal
TILs is the area of stromal tissue, rather than the number of
stromal cells (the percentage of mononuclear inflammatory
cells in the total intratumoral stroma). No threshold of TIL
for a clinically relevant has been acknowledged in HCC so
far. A continuous variable of TIL is more appropriate to be
informed in pathologic report nowadays in order for further
exploration. Moreover, a panel of immunohistochemical
markers, such as CD3, CD4, CD8, CD25, Foxp3,
CD20, CD38, CD138, CD68, and CD163, can assist in
distinguishing various immune cells, and depicting their
spatial distribution.

Intratumoral tertiary lymphoid structure (TLS)

TLS is the organized aggregate of immune cells that form in
nonlymphoid tissues which are highly analogue to secondary
lymphoid organs anatomically (Figure SA-5C) (113).
TLS consists of T cell and B cell components, differentiated
high-endothelial veins, and follicular dendritic cell networks
supporting the germinal center reaction (114). As a specific
conformation of immune cells, TLS is involved in a series of
immune processes, namely, T cell priming and polarization,
as well as B cell activation, differentiation, and secretion of
antibodies (113). For HCC, a study showed the presence
of intratumoral TLS, especially mature TLS, strongly
indicated a great prognosis. Concurrently, HCC tumor with
TLS was more frequent with PD-1 high expression (115).
The aforementioned results can accordingly be speculated
that TLS may be one of the decisive sites of action for
activated immune cells that boost the anti-tumor immune
responses. Recently, an interesting clinical trial performed
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Figure 5 Classification of TLS in HCC (HE staining, x100). (A) Vague, ill-defined clusters of lymphocytes (immature); (B) round-shaped

clusters of lymphocytes without germinal center formation (immature); (C) follicles with germinal center formation (mature). TLS, tertiary

lymphoid structure; HCC, hepatocellular carcinoma; HE, hematoxylin and eosin.

by Ho and his colleagues showed that a great PR of HCC
patients who underwent neoadjuvant cabozantinib and
nivolumab was significantly correlated with the presence of
intratumoral TLS (27). In view of this, it is plausible that
intratumoral TLS may serve as a marker of ICI-related
therapy for HCC.

For pathologists, there are no barriers to recognizing
the mature TLS, while for the immature TLS without
complete germinal center formation, its prognostic value
and immune implication are still unapparent accompanied
with a poor interobserver consistency (115,116). Therefore,
we suggest that the condition of intratumoral mature
TLSs is preferential to be reflected in diagnostic report
at least. A classification covering the quantity, location,
and constitution of intratumoral TLSs in HCC awaits
to be drafted. The detailed information of TLSs shall be
recorded to accumulate experience for ulterior standardized
diagnosis.

PD-L1

It is reasonably expected that the expression of PD-L1
on tumor cells is the underpinning of anti-PD-1 and
anti-PD-L1 therapy. The positive stain of PD-L1 by
immunohistochemistry is displayed in around 20% of
patients of HCC (117). The latest meta-analysis revealed
that high PD-L1 expression on tumor tissue represented
poorer OS in HCC and was associated with high CD8"
TILs (118,119). The clinicians are undoubtedly pinning
their hopes on the great response of ICIs on these
patients of HCC with PD-L1 expression. However, the
determination of its role was uncertain whatever types of
PD-L1 antibodies, platforms for immunohistochemical
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detection and criteria for judging the positive expression
altered across clinical trials (120). Based on the results of
KEYNOTE 224, PD-L1 expression (cut-off value >1%), as
measured by combined positive score (both immune cells
and tumor cells with PD-L1 positive expression) instead
of tumor proportion score, was relevant to good response
to pembrolizumab (121). The results of CHECKMATE
040 and CHECKMATE 459 showed that for patients with
PD-L1 expression >1% on tumor cells, the proportion of
responders in the nivolumab group was higher, but not
significantly higher, compared with patients with PD-
L1 expression <1% (103,122). The above results make
it indefinite in settling PD-L1 into the ICI response
prediction for HCC.

For the pathologic assessment, immunohistochemical
assays for PD-L1 testing on formalin fixed paraffin
embedded tissues have not been authorized as the
companion diagnostic to screen patients with HCC likely
to benefit from PD-1/PD-L1 inhibitors. We hold on
the viewpoint that explorative study should first provide
insight into the representativeness of PD-L1 staining on
the sections from biopsy or whole tumor, as well as the
evaluated cell species, the suitable antibodies, and the
positive threshold. Taking non-small cell lung cancer for
instance, in order to obtain high concordance with whole
sections, four and three biopsied cores were needed at cut-
off values of 1% and 50% in the immunohistochemical
assessment of PD-L1 (123). PD-L1 expression for non-
small cell lung cancer was similar in a single block and
three blocks from each resected specimen, indicating that
the spatial heterogeneity of PD-L1 expression was within
the area represented in one block. Moreover, an excellent
intraclass correlation coefficient of accordance for the
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Figure 6 HCC with CTNNBI mutation. (A) Histomorphologic characteristics (HE staining, x100); (B) p-catenin with positive nuclear

staining (immunohistochemical staining, x100); (C) glutamine synthetase with positive cytoplasmic staining (immunohistochemical staining,

x100). HCC, hepatocellular carcinoma; HE, hematoxylin and eosin.

evaluation of PD-L1 in tumor cells among the pathologists
was proved (124). Different antibodies of PD-L1 in
determining positive cases showed significant discrepancies
at clinically related cut-off values for non-small cell lung
cancer (125). To our great knowledge, there is scarcely
study to investigate these issues in HCC which makes the
formulation of relevant standards with little evidence to
follow. Notably, a study from China concluded that PD-L1
antibodies 22C3, 28-8, and SP263 were highly consistent
in scoring and affirmed the interchangeability of them.
The intraclass correlation coefficient among participating
pathologists was moderate to great reliability about the
tumor proportion score (126). This finding emerged the
basis of the homogenization evaluation of PD-L1 in HCC.
Based on the guidelines from Australia (127), Canada (128),
and China (129), the immunohistochemical staining of
PD-L1 in solid tumors should be separately scored in
tumor cells, immune cells, and all cells in order to obtain
a series of proportion score. Membranous staining of any
intensity should be considered positive for tumor cells.
Immune cells are considered positive with any discernible
staining. Differ from the algorithm of TIL, multifarious
proportion score of PD-L1 is based on the number of
tumor/immune cells rather than the area, and the method
of area scoring has been merely suggested for urothelial
carcinoma to be treated with durvalumab by the SP263
assay (130). The tumor area rather than the whole section
should be inspected with different antibodies matching
with corresponding threshold values. We suggest that the
researches that testing the expression of PD-L1 within the
tumor tissue of different regions, morphology, and grading
from the same HCC, as well as the tumor with great/poor
response of immunotherapy are necessary to be conducted
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so as to decode the connection between PD-L1 expression
and ICI response of HCC.

Wnt/p-catenin

The mutation of CTNNBI accounts for 11-37% and 0-21%
of progressive HCC and early HCC, respectively (131).
The correlation between CTNNBI mutation and
prognosis of HCC is still indefinite (132,133). Correlated
evidence reminded that activated Wnt/p-catenin signaling
characterized the immune evasion across various cancer
types and indicated the immunotherapeutic resistance (134).
Based on a recent study, the authors exerted a novel
genetically engineered mouse model of HCC that enabled
interrogating how different genetic alterations influenced
on immune surveillance and response to immunotherapies,
and they demonstrated that f-catenin activation could block
the effect of PD-1 inhibitors (135). This conclusion was
further affirmed by the data from an independent cohort
and cbioportal webtool that HCC patients with CTNNBI
mutation who receiving ICI therapy were significantly
accompanied with suppressed immune cells and increased
M2-type macrophages (136). In a small cohort of patients
with HCC treated with ICIs, tumors without activated Wnt/
f-catenin were more sensitive to ICIs, which leading to better
clinical outcomes (137). Conversely, another prospective
single center study suggested that the efficacy of atezolizumab
plus bevacizumab on patients with HCC might be unaffected
by Wat/f-catenin signal activation (138). Conflicting clinical
conclusions hint at a complex interrelationship between
CTNNBI signal pathway and immunotherapy.

For pathologists, the immunohistochemistry of
B-catenin is widely used in the diagnosis of various disease,
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such as fibromatosis, angiofibroma of nasopharynx, solid
pseudopapillary tumor of pancreas. In general, the staining
of nucleus with >5% tumor cells is interpreted as the
activation of Wnt/f-catenin signaling (139). According to our
experience, the nuclear expression of B-catenin is usually
focal rather than diffuse in HCC, which may result in a
misjudgment as false negative (Figure 64,6B). It is more
comprehensive to implement immunohistochemical stain
of B-catenin in the wide area and multisite of HCC to
avoid erroneous judgement. Furthermore, strong diffuse
expression of glutamine synthetase is closely correlated
with f-catenin mutation as a meaningful alternative
indicator (Figure 6C) (140,141). The technology of DNA
sequencing allows us to obtain the information of different
point mutations of CTNNBI gene (142). Remarkably,
gene detection of CTNNBI was not always agreement
with protein expression of B-catenin (143), which causes a
dilemma whether the lost-budget immunohistochemical
staining of P-catenin is able to substitute for the
costly genetic testing of CTNNBI for prediction of
immunotherapy in HCC. Moreover, the specific point
mutations of CTNNBI which are strongly related to the
immunotherapy of HCC remains to be unraveled.

Microsatellite instability and mismatch repair

Microsatellites consist of the repeated sequences of 1-6
nucleotides in the human genome. Mismatch repair (MMR)
system comprises several proteins that maintain genome
integrity. During the process of DNA replication, the
insertion or deletion of repeated units produced by DNA
polymerase constantly affect microsatellite stability, while
the MMR system is generally able to correct these faults.
The malfunction of MMR protein caused by the variation
of relate genes, also known as MMR deficiency (IMMR),
will result in the aberrant status named as microsatellite
instability (MSI) (144). Previously, MSI-high and dMMR
were widely used in the colorectal cancer to screen the
Lynch syndrome and judge the effectiveness of fluorouracil
(145,146). In 2015, the research conducted by Le er al. first
confirmed that the dMMR status could predict clinical
benefit of treatment with pembrolizumab regardless of
tumor types which pioneered a novel predictive biomarker
of immunotherapy (147). Therefore, pembrolizumab was
granted approval for all MSI-high or dAMMR tumors by the
US Food and Drug Administration in 2017 and became
the first drug of a tumor-agnostic indication (148). This
encouraging success promoted a series of explorations
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on HCC. Unfortunately, the incidence rate of MSI-
high/dMMR in HCC was revealed with no more than
5% whether examined by polymerase chain reaction or
immunohistochemistry which is highly in inconformity
to the actual response rate of ICI-related therapy for
HCC (149). Furthermore, a small sample study found
that not all patients of HCC within MSI-high status were
great responders for pembrolizumab (150). Above negative
results imply that MSI-high/dMMR is probably a talentless
predictive marker of ICIs for HCC.

Recently, the College of American Pathologists in
collaboration with the Association for Molecular Pathology
and Fight Colorectal Cancer proposed the guideline of
MMR and MSI testing for ICI therapy (151). The guideline
recommended that immunohistochemistry for MMR
and polymerase chain reaction for MSI rather than next
generation sequencing (NGS) assay were still the preferred
methods for the examination of DNA MMR defects. The
immunohistochemical staining of MLH1, PMS2, MSH2 and
MSHG6 with complete inexpression of any marker on tumor
cells is decided as dAMMR. The identification of MSI relies
on the markers at 5 loci (Bat-25, Bat-26, D5S346, D17S250,
and D2S5123), MSI-high if two or more of these markers
show instability (i.e., insertion/deletion mutations), MSI-
low if only one of the five markers shows instability, and
microsatellite stable if all five markers show stability (152).
Owing to the extremely low detection rate of dAMMR/MSI-
high in HCC, we advocate some explorative multicenter
researches may be performed firstly in order to accumulate
sufficient sample size to determine the response rate of ICI
therapy for the HCC with dMMR/MSI-high in the real
world, so as to confirm the explicit interrelationship between

dMMR/MSI-high and immunotherapy in HCC.

Tumor mutational burden and tumor neoantigen

The presence of abundant somatic mutations in the tumor
genome is considered as a valuable feature that responds
to ICI therapies, and these mutations are collectively
called tumor mutational burden (TMB) (153). These
mutations arise mainly due to DNA damage without timely
repair resulting in the expression of distorted proteins
on tumor cells. These proteins are defined as neoantigen
which is nonexistent in normal cells, and can induce an
adaptive anti-tumor immune response that is ulteriorly
boosted by ICIs (154). Various malignancies including
melanoma (155), non-small cell lung cancer (156), and
urothelial carcinoma (157) attained an improved response to

HepatoBiliary Surg Nutr 2024;13(3):472-493 | https://dx.doi.org/10.21037/hbsn-22-527


file:///D:\%E7%99%BE%E5%BA%A6%E7%BF%BB%E8%AF%91\baidu-translate-client\resources\app.asar\app.html

HepatoBiliary Surgery and Nutrition, Vol 13, No 3 June 2024

ICIs when companied with higher TMB and/or neoantigen
load. For HCC, TMB burden is generally low with its utility
as a biomarker to predict response to ICI unpromising (158).
Cai et al. put forward that higher TMB was associated with
adverse prognosis with a cut-off value of 4.8 mutations/
Mb based on the 128 patients of HCC who underwent
radical hepatectomy (159). However, Liu et 4/l. considered
that a higher TMB level indicated better OS for HCC and
was correlated with early pathological stages based on The
Cancer Genome Atlas database (160). Analogously, Liu
et al. certified that patients with HCC had better OS when
possessed high-affinity neoantigens value (161). Mauriello
et al. concluded that high neoantigen burden was
uncorrelated with decreased progression-free survival in
HCC patients (162). These paradoxical prognostic results
also impede their applications in immunotherapy.

For pathologists, the above conclusions raise two
important questions: (I) how to identify the optimal cut-
off value of TMB for stratifying immunotherapeutic
response of HCC; (II) how to distinguish the immunogenic
neoantigens from genomic data. For the first question,
based on the KEYNOTE-158 trial, the US Food and
Drug Administration ratified that the cancers with TMB
of at least 10 mutations/Mb was postulated to adopt
pembrolizumab so as to reduce healthcare disparities by
broadly expanding treatment eligibility (163,164). However,
this criterion is still incongruous for HCC as its low TMB.
A more appropriate cut-off value of TMB for HCC needs
to be further explored and determined. For the second
question, computational neoantigen prediction traditionally
focuses on peptides binding to major histocompatibility
complex on account of anchor residue identities.
Nevertheless, neoantigen burden determined by this method
usually poorly forecasts the ICI response and survival, in
addition it is quite poor for the positive predictive value
of these predictions in functional assays (165). NGS is
the only technique to harbor TMB and neoantigen. Its
expensive cost and inconsistent platforms restrict extensive
applications in the routine pathologic work.

Some other signaling pathways related to immunotherapy

With the development of omics, some signaling
pathways related to the immunotherapy of HCC have
been discovered, and their alternations may indicate the
therapeutic resistance of ICIs (165,166). For instance, the
loss-of-function mutations of Janus tyrosine kinases 1 and 2
(FJAK-1 and 7AK-2) is a noteworthy cause of the resistance
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to ICIs as the integrity of these kinases is essential for
interferon-o intracellular signaling which is critical in the
priming of T cells by antigen presenting cells (167,168).
Phosphatase and tensin homologue (PTEN) knock-down
decreases the ability of T cells to kill tumor cells through
the indirect activation of signal transducer and activator of
transcription 3 (STAT3) which is a crucial positive regulator
of immune evasion (169). As such, PTEN-STAT?3 pathway
is also a meaningful pathway in immunotherapy and nearly
60% of human HCC:s exhibit activated nuclear STAT3 (170).
Dysregulated signaling of transforming growth factor beta
(TGF-p) pathway plays a central part in immunomodulation
of the TME of HCC (171). On the one hand, tumor
cells and all stromal cells modulate Treg cell activity via
this pathway (171). On the other hand, increased TGF-f
signaling may give rise to T cell exhaustion by upregulation
of PD-1 signaling (172). Inhibition of TGF-p signaling may
directly enhance antitumor immunity in HCC.

It is frustrating that the variations of all above signaling
pathways could only be determined by NGS of which the
high cost and complex analysis strategies obstruct their
applications. We believe that the development of highly
sensitive and specific antibodies of these molecular pathways
may be optimal to solve these issues.

Conclusions

The clinical management of HCC in the era of immunotherapy
is giving birth to two brand-new pathological diagnosis
concerns, those are, how to reasonably evaluate the efficacy
of immunotherapy and how to accurately predict the
potential of immunotherapy, by which will furnish the
most reliable evidence for screening the patients of HCC
suitable for immunotherapy. The growing clinical needs
urge pathologists to face up to and solve these issues.
Defectively, the standard pathologic evaluation of HCC
underwent immunotherapy is limited by the huge tumor
body, extremely assorted pathologic changes, and complex
immune microenvironment. An ample and moderate
sampling range should be exactly designed so as to
accurately reconstruct the imaging of immunotherapy. Not
only the area of viable tumor, necrosis, and fibrosis should
be precisely quantified, but also the typing of residual tumor
nests, morphology and phenotype of visible tumor, pattern
of necrosis, characteristics of stromal reaction, as well
as the pathological condition of surrounding liver tissue
should be of great concerned. In regard to the prediction of
immunotherapeutic efficacy of HCC, the proposed markers
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from numerous studies are fraught with controversy
due to the multidimensional intratumoral heterogeneity
and multiple pathways in tumorigenesis. Through the
histomorphology, immunohistochemistry, and polymerase
chain reaction, the testing and evaluation of TIL, TLS,
PD-L1 expression, Wnt/f-catenin mutation, as well as MSI
and MMR is workable. The popularity of NGS technology
makes it possible to examine TMB and neoantigen, as well
as another related molecular pathway. Although the deep
sequencing technology could help us panoramically explore
the mechanism of immunotherapy of HCC, whereas the
high cost restricts it popularize in routine work, meanwhile
its huge dataset challenges the further dimensional
reduction analysis. We believe that pathologists still require
to focus on the conventional pathology and gradually
form a highly reproducible evaluation strategy for the
effect forecast of immunotherapy for HCC, and the deep
sequencing is a powerful verification means. Where there is
light, there is hope. We need to be down-to-earth and bring

more gospel for such patients.
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