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Abstract: Immune-modulatory therapy, especially with immune-checkpoint inhibitors
(ICIs), has reshaped cancer therapeutics. Immunotherapy is relatively a novel approach
that can effectively delay the progression of aggressive tumors and inhibit tumor recurrence
and metastasis in many different tumor types. In the past years, ICIs have shown a sustained
response and promising long-term survival in patients with advanced hepatocellular carci-
noma (HCC). Nevertheless, ICI therapy can unbalance the immune system and result in
a wide range of immune-related adverse events (irAEs), which are generally manageable but
occasionally lead to a fatal outcome. HCC generally develops in the context of liver cirrhosis
which is typically caused by viral hepatitis and non-alcoholic steatohepatitis. These under-
lying diseases may cause symptoms that overlap with irAEs and lead to consequences such
as late recognition, inadequate work-up, and inappropriate treatment. Owing to the growing
use of immunotherapy in HCC, it is necessary for clinicians to strengthen their understanding
of the frequency, clinical features, and management of irAEs. This review focuses on the
common toxicities associated with ICI therapy in patients with HCC and summarizes
therapeutic strategies that can be used to monitor and manage such toxicities.

Keywords: immune-checkpoint inhibitors, hepatocellular carcinoma, hepatotoxicity,
cutaneous toxicity, gastrointestinal toxicity, therapeutic strategies

Introduction
Hepatocellular carcinoma (HCC) is the sixth-most common cancer and the fourth
leading cause of cancer-related deaths worldwide. HCC is characterized by high
malignancy and mortality, rapid progression, recurrence, and metastasis.' There are
several treatment strategies for HCC, including curative hepatectomy, ablation, embo-
lization, chemotherapy, and liver transplantation. However, the prognosis is still rather
poor, because the majority of patients are diagnosed at a terminal stage.” To our best
knowledge, tyrosine kinase inhibitors (TKIs) such as sorafenib® and Lenvatinib* as
first-line treatment and regorafenib,5 cabozantinib,6 and ramucirumab’ as second-line
treatment have led to clinically meaningful improvements in patients with advanced
disease. However, the improvement in overall survival (OS) rate is still not positive.
This is partly because of the liver’s drug-metabolizing properties and the increased
levels of multidrug-resistance proteins expressed by HCC cells. In addition, the
characteristics of adverse events associated with TKI use make it unsuitable for some
patients. Thus, new treatment strategies are still needed for this intractable disease.
After decades of therapeutic stagnation, immunotherapy emerged as a promising
therapy and has transformed the field of cancer therapeutics. Unlike other organs, the
liver is considered a lymphatic organ. Hepatic immunity is associated with the
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induction of immunotolerance, which is one of the most
formidable barriers to immune-based therapy for HCC. As
the liver is constantly exposed to a large number of antigens
and microorganisms contained in the diet, it requires com-
plex immune tolerance in its environment to maintain
immune homeostasis. During the development of HCC,
tumor cells; negative immune regulatory cells (myeloid-
derived suppressor cells, tumor-associated macrophages
and T regulatory cells); and hepatic stromal cells (liver sinu-
soidal endothelial cell, dendritic cells, Kupffer cells, and
hepatic stellate cells) can orchestrate a strong immunosup-
pressive milieu through the secretion of immunosuppressive
cytokines and abnormal expression of antigens that can
greatly modulate tumor growth by escaping the immunolo-
gical surveillance system.® The immunosuppressive proper-
ties of chronic hepatitis-B virus (HBV) or hepatitis-C virus
(HCV)
Therefore, compared with traditional chemotherapy and

infection have also been well-documented.”

molecular-targeted therapy, immunotherapy utilizes the nat-
ural anti-tumor response of the immune system to amplify
and prolong the immune response. The antitumor response
that immunotherapy relies on can persist until the end of
treatment.” Because of impaired self-tolerance, a wide
range of immunotherapy-related adverse events (irAEs) that
involve a large spectrum of organs should be taken seriously.
While most of them are generally manageable, some can be
life-threatening if not managed properly. In this review, we
have summarized the ICI-related adverse events in patients
with HCC and discussed appropriate management methods.

ICI Treatment
Lymphocyte co-stimulation is an essential process of T-cell
function activation through molecules targeting its stimula-
tory receptors (signal 2); whereas, immune checkpoints
including cytotoxic T-lymphocyte protein 4 (CTLA-4), pro-
grammed cell death protein 1 (PD-1), and its ligand PD-L1
are co-inhibitory molecules that play important roles in
promoting the state of T-cell dysfunction known as exhaus-
tion to avoid over-activation of T cells and collateral tissue
damage'® (Figure 1). CTLA-4, which is expressed by acti-
vated T cells and Treg cells, can deliver inhibitory signals to
the T cell during the initiation of an immune response that is
opposite to the T-cell receptor (TCR) signal by binding its
ligands CD80 and CD86 that are expressed on the surface of
antigen-presenting cells (APCs). In tumors, CTLA-4 can
induce Treg-cell activity and differentiation and upregulate
indoleamine 2.3-dioxygenase (IDO) and interleukin-10 (IL-
10) in dendritic (DCs)

cells to further promote

immunosuppression. PD-1, which is mainly expressed by
CD8+ and CD4+ T cells, can prevent TCR signal transduc-
tion by binding its ligand PD-L1 and inhibit the activation
of T cells and secretion of cytotoxic cytokines, thereby
leading to exhaustion of T cells.'' Thus, reversing the
anergy or exhaustion of T cells within the HCC microenvir-
onment and promoting tumor cell death by blocking these
inhibitory receptors with monoclonal antibodies (mAbs)
makes immune checkpoints attractive therapeutic targets.
Furthermore, the combination of ICIs with other therapies
such as TKIs as well as dual inhibition of two immune
checkpoint molecules also have reasonable theoretical
basis. Inhibition of the B7-CTLA-4 pathway can increase
the number of activated cytotoxic T lymphocytes (CTLs)
infiltrating into tumor tissues.'?> VEGF inhibitors can also
facilitate the accumulation and infiltration of anticancer
T cells within tumor tissues and upregulate PD-L1 expres-
sion on tumor cells, thereby enhancing the efficiency of the
anti-PD-1/PD-L1 pathway and reversing the immunosup-
pressive microenvironment into an immunostimulatory
microenvironment.'?

The application of ICI-based immunotherapy in can-
cers—as either monotherapy or combination therapy—has
made remarkable progress (Table 1). To date, nivolumab'*
and pembrolizumab'’ (anti-PD-1) have been approved by
the US-FDA as second-line treatment for advanced HCC.
Consistent with previous reports, monotherapy with nivo-
lumab and pembrolizumab for advanced HCC showed
clinically meaningful improvements in OS rate, Objective
remission (ORR) rate, and complete response (CR) rates in
the Checkmate 459 and Keynote-224'® Phase III clinical
trials published in ECMO and ASCO, respectively; how-
ever, these results did not reach the predefined threshold of
OS. Another large-scale trial for pembrolizumab
(KEYNOTE-394, NCT03062358) is currently ongoing in
the Asia-Pacific region. Recently, camrelizumab has been
approved by NMPA as second-line treatment for Chinese
patients with advanced HCC. According to the results
published in CSCO, even in the case of poor baseline
enrollment, camrelizumab achieved an objective response
of 14.7% and a 6-month OS probability of 74.4%.
Monotherapy with tislelizumab has showed some antitu-
mor effect and fair tolerance in a phase la/Ib trial and
phase III trial is underway.'” The combination of nivolu-
mab plus ipilimumab has recently been approved by the
US-FDA as second-line treatment for advanced HCC.'®
Durvalumab combined with tremelimumab has also been
proved effective and safe in advanced liver cancer. In the
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Figure | Activation of antitumor responses by blocking immune checkpoints PD-1, PD-LI, and CTLA-4. Upper panel: PD-1 and CTLA-4 are expressed by activated T cells
and can deprive T cells of essential co-stimulatory signals through binding PD-LI and competitively binding to CD80/86 expressed on the APCs against CD28. CTLA-4
expressed by Treg cells can bind CD80/86 expressed by APCs to suppress the immune system. CTLA-4 can also upregulate IDO and IL-10 in APCs to further promote
immunosuppression. Checkpoint-blocking antibodies against PD-1, PD-LI, and CTLA-4 can reinvigorate T cell responses and alleviate the immunosuppressive tumor
environment. Lower panel: PD-| can inhibit TCR signaling and induce TCR exhaustion by binding its ligand PD-LI. Checkpoint-blocking antibodies against PD-1 and PD-LI
can reinvigorate T cells and restore their cytolytic functions.

Abbreviations: PD- 1, programmed cell death protein |; PD-LI, programmed cell death | ligand |; CTLA-4, cytotoxic T-lymphocyte protein 4; APC, antigen-presenting cell;
Treg cell, regulatory T cell; IDO, indoleamine 2.3-dioxygenase; TCR, T-cell receptor.

latest IMbravel50 clinical study, the combination of ate-
zolizumab and bevacizumab has showed better OS and
progression-free survival than sorafenib and have been
approved as first-line treatment of unresectable or meta-
static HCC."” The result of camrelizumab plus apatinib’
and lenvatinib plus pembrolizumab are highly
anticipated.”!

The gut commensal microbiota plays an important role in
the formation of systemic immune responses by affecting
local and systemic inflammatory responses. Therefore,
manipulating the microbiota may become a promising adju-
vant treatment that regulates cancer immunotherapy.

According to vivo and vitro experiments results, commensal

3 and Akkermansia

biﬁa’obacterium,22 Faecalibacterium,”
muciniphila can promote anti-tumor immunity and signifi-
cantly improve the effect of anti-PD-1 therapy. Bacteroides

fragilis** and Faecalibacterium®

can play an important role
in promoting anti-CTLA-4 immunotherapy. The effect of
probiotics on HCC immunotherapy needs further verifica-
tion. Besides, the richness and evenness of fecal bacterial
community samples, the presence of microbiota-associated
modules for bacterial polyamine transport system and the
biosynthesis of thiamine, riboflavin and pantothenate were
positively correlated to progression-free survival (PFS) time,
and can be used as biomarkers to predict the risk of anti-
CTLA-4 related colitis and screen sensitive patients.23
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Table | Status of Current Immune Checkpoint Inhibitor Trials in Advanced HCC

Drug Trial Name Phase | ClinicalTrials. Design Subjects | Line of Endpoint | Status
gov ldentifier Therapy
Nivolumab
Nivolumab(PD-1 Ab) CheckMate 040 11l NCTO01658878 Cohort |: dose escalation 42 IL2L DLT/MTD | Completed
Nivolumab(PD-1 Ab) CheckMate 040 1]l NCTO01658878 Cohort 2: dose expansion 214 IL2L ORR Completed
Nivolumab(PD-1 Ab) CheckMate 040 1 NCTO01658878 Cohort 3: nivolumab vs 200 IL ORR Completed
sorafenib
Nivolumab (PD-I Ab) CheckMate 040 I/ NCTO01658878 Cohort 4: nivolumab + 120 2L Safety/ Completed
ipilimumab tolerability
Ipilimumab (CTLA-4 Ab)/
Nivolumab (PD-I Ab) CheckMate 040 ]l NCTO01658878 Cohort 5: nivolumab - IL2L Safety/ Completed
(Child—Pugh B patients) tolerability
Nivolumab(PD-1 Ab) CheckMate 040 1l NCTO01658878 Cohort 6: nivolumab - IL ORR Recruiting
+cabozantinib
Nivolumab(PD-1 Ab) CheckMate 040 I/ NCTO01658878 Cohort 7: nivolumab - IL ORR Recruiting
+ipilimumab +
Cabozantinib
Nivolumab(PD-I| Ab) CheckMate 459 1] NCT02576509 Nivolumab vs sorafenib 726 IL TTP/OS Completed
Pembrolizumab
Pembrolizumab (PD-I KEYNOTE-224 Il NCT02702414 Pembrolizumab (I arm) 100 2L ORR Completed
Ab)
Pembrolizumab (PD-I KEYNOTE-240 1 NCT02702401 Pembrolizumab vs placebo 408 2L PFS/OS Completed
Ab)
Pembrolizumab (PD-I| - | NCT03006926 Pembrolizumab + lenvatinib | 30 2L Safety/ Completed
Ab) tolerability
SHR-1210
SHR-1210(PD-1 Ab) - 1/ NCT02989922 SHR-1210 every 2 weeks 60 2L ORR/OS Completed
SHR-1210(PD-1 Ab)+ - Il NCT03092895 SHR-1210 + apatinib(arm 36 2L Safety/ Recruiting
A); tolerability
Apatinib or FOLFOX4 SHR-1210 + FOLFOX4(arm
B)
Durvalumab
Durvalumab (PD-LI - Il NCT02519348 Durvalumab (arm A); 440 /2L Safety/ Recruiting
Ab) + tolerability
Tremelimumab (CTLA-4 Tremelimumab (arm B);
Ab)
Durvalumab + tremelimumab (arm C)
Durvalumab (PD-LI Ab) | - | NCT02572687 Durvalumab + ramucirumab | 114 22 L Safety/ Recruiting
tolerability
(Continued)
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Table | (Continued).
Drug Trial Name Phase | ClinicalTrials. Design Subjects | Line of Endpoint | Status
gov ldentifier Therapy
Atezolizumab
Atezolizumab(PD-L1 IMbrave | 50 LI} NCT03434379 Atezolizumab plus 336 IL OS/PFS Completed
Ab)+ Bevacizumab bevacizumab vs sorafenib
Tremelimumab
Tremelimumab(CTLA-4 - 1l NCTO01008358 Tremelimumab (I arm, 20 2L ORR Completed
Ab) HCV)

irAEs in ICls Treatment

The precise rationale underlying irAEs is unknown, but given
the fundamental function of maintaining the immune system
activation within normal range, blocking inhibitory checkpoint
molecules gives rise to wide-ranging irAEs that are mainly
considered as an overaction of the immune system.”® The
frequency of toxic reactions associated with ICI treatment is
lower than that with TKIs and show prolonged duration and
delayed onset, which tend to appear beyond week 8 of
therapy.?” IrAEs can influence a broad range of organ systems.
Most of them are typically reversible, but increasing aware-
ness of fatal ICI-associated AEs is very important. The sever-
ity of irAEs is identified by the Common Terminology of
Clinical Adverse Events (CTCAE) categorization. An accu-
rate determination of the toxicity grade is of vital importance,
because it determines immunotoxicity treatment and guides
when ICIs therapy may be restarted.

irAEs in Patients with Cancer

In terms of the overall incidence of irAEs, CTLA-4 inhibitor-
related irAEs tend to be dose-dependent. The incidence of all
grades and > grade 3 CTLA-4 inhibitor-related irAEs is 72%
and 24%, respectively.”® IrAEs associated with PD-1 or PD-
L1 inhibitors is not dose dependent, 66.0% of patients devel-
oped at least 1 irAE of any grade, and 14.0% of patients
developed at least 1 irAE of grade 3 or higher severity.”’ The
median onset time of CTLA-4 inhibitors is generally shorter
than that of PD-(L)1 inhibitors.*® These reports have shown
that anti-CTLA-4 monotherapy is more likely to be related
with higher rate of incidence and grade of irAEs than anti-PD
-1/PD-L1 monotherapy.

When it comes to target organs, meta-analyses have
indicated that the most common target organs with irAEs
during anti-CTLA-4 monotherapy are the skin (44%),
gastrointestinal tract (35%), endocrine glands (6%), and
the liver (5%); rash and colitis appear to be more frequent.

The involvement of other organ systems such as circula-
tory, ocular, and nervous and musculoskeletal systems was
extremely low.”® Further, high-grade skin, endocrine, and
hepatic events account for less than 5% in total, while
gastrointestinal events account for 11%. In a recent meta-
analysis, 6528 patients were treated with an ICI and 42
fatal irAEs (0.64%) were recorded. Among them, colitis
was the most common cause of fatal irAEs.”'

According to a large meta-analysis on patients who
accepted anti-PD-L1 monotherapy, the most common targets
for irAEs were the skin, gastrointestinal tract, and the thyroid
gland. The most frequent fatal irAEs were pneumonitis,
hepatitis, and neurotoxic effects.”> Hypothyroidism and
hyperthyroidism were the most frequent all-grade endocrine
irAEs. The liver was less involved and irAEs were mostly
manifested as increased aspartate aminotransferase [AST] or
alanine aminotransferase [ALT] levels. Less than 2% patients
had grade 3 or higher irAEs. Interestingly, among patients
who have pre-existing autoimmune diseases, exacerbation of
autoimmune condition after anti-PD-(L)1 therapy is rarely
reported, and the occurrence rate of irAEs is similar to that in
other patients.*® The relevant mechanisms need further study.

Due to the distinct but complementary mechanism of anti-
CTLA-4 and anti-PD-(L)1 therapy, the combination therapy is
prone to appear incrementally toxicity. Compared with mono-
therapy, patients received combination immunotherapy had an
increased risk of irAEs and more frequent multi-organ invol-
vement. The incidence rates of any grade and grade 3 or higher
irAEs were 88% and 41%, respectively.** Myocarditis, myo-
sitis, and neurologic events are the most common fatal ICI
toxic events in this combination strategy.*

irAEs in Patients with HCC

Because of the unique liver immunobiology and chronic
inflammatory conditions of the liver such as cirrhosis and
viral hepatitis, the diagnosis and management of irAEs in
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patients with HCC may present different challenges
(Tables 2 and 3). In general, compared with other tumor
types, the incidence of irAEs in HCC patients does not
show significant difference. Overall, the use of PD-1 inhi-
bitors, nivolumab and pembrolizumab, in patients with
advanced HCC were associated with severe irAEs inci-
dence of 10-20%, which was >30% in other tumors.®
According to a Phase I clinical trial evaluating the
CTLA-4 checkpoint inhibitor, tremelimumab, in a small
cohort of patients, few disabling AEs were reported.
However, because of the limited experimental data, this
result can not reflect the entire picture.>®

Individually, the incidence of hepatic irAEs is higher in
HCC npatients. In total, 13.7% of HCC patients who
accepted PD-1 inhibitors monotherapy experienced hepa-
titis enzymes elevation of any grade,’” while only 3% of
patients experienced hepatitis enzymes elevation and
0.85% of patients experienced treatment-related hepatitis
among other tumor types.”’ Reactive cutaneous capillary
endothelial proliferation (RCCEP) is a unique adverse
effect related with camrelizumab treatment which is not
reported in other tumor types. The safety profile of dual
inhibition of two immune checkpoint molecules shows no
significant difference from monotherapy. However, nivo-
lumab and ipilimumab combination has higher rates of
irAEs than anti-PD-1 monotherapy in HCC.

Considering that anti-VEGF therapies can facilitate the
transport of tumor therapy drugs, combination therapy with
immune-checkpoint inhibitors may reduce the dose of
immune-checkpoint inhibitors, thereby reducing the risk
of toxicity."? According to the IMbravel50 clinical trial
report, the incidence of all grades and high-grade irAEs in
patients receiving atezolizumab—bevacizumab combination
therapy is not significantly different from that of anti-PD-1
monotherapy and PD-1 plus CTLA-4 blockers combination
therapy. Compared with the common irAEs in receiving
anti-PD-1 monotherapy, the incidence of cutaneous irAEs
decreased in patients receiving combination therapy (12%
for rash, 19.5% for pruritus), the incidence of diarrhea was
not significant difference, and less than 10% of patients
reported abnormal thyroid function. Hypertension is the
most common irAE (29.8%) in atezolizumab—bevacizumab
combination therapy, which is consisted of the known
safety profile of bevacizumab. A total of 20.1% and
10.3% of patients have proteinuria and epistaxis, which
had rarely been reported in anti-PD-1 monotherapy and
anti-PD-1 and CTLA-4 combination therapy. In total,
19.5% and 14% of patients had an increase in AST and

ALT respectively, slightly lower than anti-PD-1 monother-
apy and PD-1 plus CTLA-4 blockers combination therapy.

Chronic HBV/HCV infection is the common underly-
ing disease in HCC patients. The reactivation of HBV
during anti-tumor therapy such as conventional che-
motherapy and some targeted therapies can deteriorate
liver function, increase mortality rates and lead to therapy
interruption.>® However, PD-1 work can as an important
immunosuppressant to prevent severe liver damage that
blocking the PD-1/PD-L1 axis may also cause the destruc-
tion of liver cells, release of the previously latent hepatitis
virus into the circulation, and the reactivation of the virus.
However, HBV/HCYV infection is not a contraindication
for ICIs treatment for HCC. The lack of antiviral prophy-
laxis is the only significant risk factor for HBV reactiva-
tion. Effective antiviral treatment before and during ICIs
therapy and close monitoring of active viral hepatitis are
recommended for HCC patients with HBV/HCV infection.
According to a systematic review involving 186 HBV/
HCV infected patients with various cancers, the safety
and efficacy of ICIs treatment are not significantly affected
by HBV/HCYV infection. The incidence of hepatic transa-
minase elevating (HLE) among these patients after ICIs
therapy is 22.0% and 10.8% of patients experienced grade
3 or 4 HLE which can be reversed by antivirus or using
steroid without cease of ICIs.* Consistent with the result
of this systematic review, a retrospective study involves 60
HCC patients proved the safety of the patients whose HBV
viral load are higher than 100 IU/mL when receive
nucleos(t)ide analogs (NUCs) therapy during ICIs treat-
ment. No HBV reactivation reported in the antiviral pro-
phylaxis group. One out of six patients who did not
receive NUCs treatment experienced HBV reactivation
and was controlled by tenofovir treatment soon, no HBV-
related liver failure occurred.*® Accordingly, HBV surface
antigen (HBsAg), HBV core antibody (HBcAb), HBV
surface antibody (HBsAb), and HCV antibody should be
tested before ICI therapy. HBV DNA and quantitative
HCV RNA levels and genotype should be obtained if
HBsAg, HBcAb or HCV antibody are positive. The
mechanism of virus reactivation induced by ICIs therapy
is still need further investigation. HBV-specific CD8+
T cells can express PD-1 in chronic HBV infection, and
can partially restore their antiviral function by blocking the
effect of PD-1/PD-L1.

According to a recent retrospective study, ICI treatment
is safe and have a certain effect on HCC patients with
Child-Pugh class B (CPB) liver function, however, the
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Table 2 The Incidence of irAE for Different Immunotherapy Methods for HCC

Nivolumab Pembrolizumab Camrelizumab Nivolumab Plus Atezolizumab
Ipilimumab Plus
Bevacizumab

Any Grade 3 | Any Grade 3 | Any Grade 3 | Any Grade 3 | Any Grade 3

Grade | or 4 Grade or 4 Grade | or 4 Grade or4 Grade | or 4
Treatment-related AEs
Rash 23% 0% 10-11.5% 0.7% — — 17-29% | 0—4% 12.5% 0
Pruritus 19% 0% 12-18.3% 0.4% — — 29-45% | 0-4% 19.5% 0
Diarrhoea 10% 0% 11-17.2% 1.4% — — 12-24% | 2-4% 18.8% 1.8%
Decreased appetite 10% 0% 6-17.2% 1% — — 6—12% 0 17.6% 1.2%
Abdominal pain — — 14.3% 1.4% — — — — 12.2% 1.2%
Hepatitis — — 1.8% 1.4% — — — — — —
Colitis — — 1.4% 0.7% — — — — — —
RCCEP — — — — 67% 0% — — — —
Hypophysitis — — 0.7% 0.4% — — — — — —
Fatigue 8% 1% 18.6-22.1% | 2.5-4% — — 10-18% | 0-2% 20.4% 2.4%
Asthenia 6% 0% 7-9% 0.4% 22% 0% — — 6.7% 0.3%
Weight decreased 6% 0% — — — — 6—12% 0 11.2% 0
Nausea 6% 0% 8-11.5% 0.7% — — 2-10% 0 12.2% 0.3%
Hyperthyroidism — — 3.2% 0 — — 6—-10% 0 — —
Hypothyroidism — — 5-6% 0.4% 9% 0% 8-20% 0 — —
Dry mouth 6% 0% — — — — — — — —
Dyspnoea — — 5-6.5% 0 — — — — — —
Arthralgia — — 5-7.2% 0.4% — — — — — —
Adrenal insufficiency — — 0.7-3% 2% — — 4-14% 0-2% — —
Edema peripheral — — 11.5% 0 — — — — — —
Constipation — — 9.3% 0.4% — — — — 13.4% 0
Pyrexia — — 9.3% 0.7% — — 4-10% 0 17.9% 1.2%
Cough — — 8.6% 0 — — — — 11.9% 0
Pneumonitis — — 3.6% 1.4% — — 10% 6% — —
Infusion reaction — — 1.1% 0 — — — — 11.2% 2.4%
Hypertension — — — — — — — — 29.8% 15.2%
Epistaxis — — — — — — — — 10.3% 0
Alopecia — — — — — — — — 1.2% 0
Palmar—plantar — — — — — — — — 0.9% 0
erythrodysesthesia
Syndrome
Laboratory treatment-related AEs
Increased AST 21% 10% 13.4-22.6% | 7-133% | 21% 5% 13-20% | 4-16% 19.5% 7%
Increased ALT 15% 6% 8.6—-17.6% | 4-6.1% 22% 1% 8-16% 0-8% 14% 3.6%
Increased blood — — 48-18.6% | 2-7.5% 15% 2% — — 13.1% 2.4%
bilirubin
Increased vy- — — — — 5% 1% — — — —
glutamyltransferase
Increased alkaline — — — — 4% 2% — — — —
phosphatase
Lipase increase 23% 13% — — 4% 1% 12-17% | 6-12% — —
Amylase increase 19% 4% — — — — — — — —
Decreased neutrophil — — — — 6% 3% — — — —
count

(Continued)
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Table 2 (Continued).

Nivolumab Pembrolizumab Camrelizumab Nivolumab Plus Atezolizumab
Ipilimumab Plus
Bevacizumab
Any Grade 3 | Any Grade 3 | Any Grade 3 | Any Grade 3 | Any Grade 3
Grade | or 4 Grade or 4 Grade | or 4 Grade or 4 Grade | or 4
Decreased white blood | — — — — 10% 2% — — — —
cell
Anaemia 8% 2% 3-9.7% 1-3.9% — — — — — —
Decreased platelet — — — — 15% 2% — — 10.6% 3.3%
count
Hypoalbuminaemia 6% — — — — — — — —
Hyponatraemia 6% 0 — — — — — — — —
Proteinuria — — — — 23% <% — — 20.1% 3%

prognosis remains poor and the rate of irAEs always
higher than patients with Child-Pugh class A HCC, usage
of ICI is likely to be safe.*'**> The treatment strategy for
CPB HCC warrants further investigation. Here, we will
describe the most common irAEs associated with ICC-
treated HCC patients and discuss screening and monitor-
ing strategies based on the general guidelines provided by
SITC, ASCO, NCCN, and ESMO.

Cutaneous Adverse Events

Cutaneous toxicity is the first common AE among patients
receiving ICI therapy and generally occurs within 2 weeks
of beginning treatment. Among them, rash and pruritus are
the most common clinical features. Incidence rates of
>grade 3 skin toxicities were less than 1% and 4% in
monotherapies and combination therapies, respectively.
According to the single-agent nivolumab clinical trial,
the occurrence of rash and pruritus was not dose-
dependent. The incidence of rash and pruritus in HCC
patients treated with nivolumab and pembrolizumab
monotherapy was 11-23% and 10-11.5%, and 13-19%
and 12-18.3%, respectively. In the phase I clinical trial
of combination treatment with durvalumab and tremelimu-
mab and Phase II clinical trial of combination of nivolu-
mab and ipilimumab, the incidence of pruritus and rash
was 22.5% and 12.5%, and 30—45% and 17-29%, respec-
tively. Among patients received atezolizumab—bevacizu-
mab combination therapy, 12% of them reported rash and
19.5% of them reported pruritus. However, no grade 3 or 4
skin toxicity was reported. Interestingly, 67% of patients
with  HCC who accepted camrelizumab monotherapy
experienced RCCEP. All of them had grade 1-2 toxicity

that tended to appear after 4 weeks of therapy.43 Data on
tremelimumab are limited. According to the small phase 11
trial, the occurrence of a grade 1 or 2 rash was 65% and
that of a grade 3 rash was 5%.%°

When diagnosing and treating skin complications, the
causes of other skin-related symptoms, such as infections,
effects of other drugs (eg, TKI), autoimmune diseases, and
skin conditions related to chronic liver dysfunction should
be carefully excluded. Therefore, it is necessary to record
a comprehensive assessment of cutaneous involvement
and systemic effects, as well as professional dermatologist
intervention to assist with diagnosis and treatment.
Patients with mild grade 1 or 2 reactions can continue
ICI therapy and relieve symptoms by topical emollients,
topical mild-strength  corticosteroids  (triamcinolone
[0.1%]) and oral antihistamines. For more symptomatic
grade 2 or 3 reactions, in addition to local treatment,
corticosteroids may be administered systemically at
a dose of 0.5-1 mg/kg depending on the severity of the
symptoms. Biopsy should be considered and ICI treatment
must be discontinued until the severity of AEs drop to
grade 1. For higher grade or life-threatening toxic skin
reactions, ICI should be permanently discontinued and
patients should be admitted immediately under the close
supervision of a dermatologist. Treatment includes intra-
venous injection of methylprednisolone 1-2 mg/kg with

gradual tapering of dose according to drug response.****

Digestive System AEs
Diarrhea is a common adverse reaction of the digestive
system during ICI therapy. Diarrhea occurred in 11% of

HCC patients during pembrolizumab treatment, 10%
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Table 3 Immune-Related Adverse Events in Patients with HCC

Skin Gastrointestinal Liver Thyroid
Pruritus | Rash Diarrhoea | Colitis | AST ALT Hypothyroidism | Hyperthyroidism
Elevation Elevation
Nivolumab Any Grade 19% 23% 10% — 21% 15% — —
Grade 3or4 | 0% 0% 0% — 10% 6% — —
Pembrolizumab Any Grade 12-18.3% | 10-11.5% | 11-17.2% 1.40% 13.4-22.6% | 8.6-17.6% 5-6% 3.20%
Grade 3 or4 | 0.40% 0.70% 1.40% 0.70% 7-13.3% 4-6.1% 0.40% 0
Camrelizumab Any Grade —_ — —_ —_ 21% 22% 9% —_
Grade3or4 | — — — — 5% 1% 0 —
Nivolumab plus Any Grade 29-45% 17-29% 12-24% — 13-20% 8-16% 8-20% 6-10%
Ipilimumab
Grade 3or4 | 0-4% 0—4% 2-4% — 4-16% 0-8% 0 0
Atezolizumab plus Any Grade 19.50% 12.50% 18.80% — 19.50% 14% — —
Bevacizumab
Grade3or4 | 0 0 1.80% — 7% 3.60% — —

during nivolumab treatment, 12-24% during nivolumab
and ipilimumab combination treatment, 12% during dur-
valumab and tremelimumab combination treatment and
18.8% during atezolizumab—bevacizumab combination
therapy. Tremelimumab use showed a higher incidence,
with 30% having grade 1-2 diarrhea and 5% having
> grade 3 diarrhea.’® In HCC patients receiving PD-L1
inhibitors and combination therapy, the rates of > grade 3
complications were 1% and 2—4%, respectively.

Colitis is another serious irAE. Severe colitis can lead
to fatal colonic perforation and peritonitis.*® As for the
overall incidence, colitis was reported in 10-12% of
patients receiving anti-CTLA-4 treatment, 1% of patients
receiving anti-PD-L1 treatment, and 14% of patients
receiving combination therapies. It has been reported that
7-8% of patients with CTLA-4 block, 0.5-1.5% of
patients with PD-L1 block, and 8-9% of patients with
dual block developed > grade 3 complications. In patients
with HCC, colitis is mostly of grade 3 and occurs in 1% of
those receiving PD-L1 inhibitor and 2.6% of those receiv-
ing anti-CTLA-4 and anti-PD- L1 combination therapy.
Less than 10% of patients reported colitis during atezoli-
zumab—bevacizumab combination therapy.

The gastrointestinal condition should be comprehen-
sively evaluated before receiving ICI, an accurate baseline
should be established, and the patient’s diarrhea and colitis
symptoms should be evaluated regularly during treatment
for effective management. When patients report new onset

diarrhea or worsening of existing symptoms, care should

be taken to exclude gastrointestinal infections, tumor pro-
gression, diarrhea that may be caused by other drugs, and
non-colitis immune-mediated toxicity such as hyperthyr-
oidism. Blood tests and stool routine should be performed
to identify thyroid abnormalities, bacterial or parasitic
infections, and autoimmune disease. Biopsy samples are
also necessary to define the pathological characteristics
and for molecular analyses. In case of colitis, endoscopy
is the gold standard for diagnosis and can help to assess
the degree of illness and prognosis.*’

For mild diarrhea, ICI treatment can be continued on the
basis of maintaining homeostasis of the internal environ-
ment. For persistent grade 2 and higher degree of diarrhea
or colitis, clinicians should consider permanently disconti-
nuing CTLA-4 agents and provisionally withholding PD-1
and PD-L1 agents. Systemic corticosteroid treatment
(1-2 mg/kg/d, intravenous) should be administered imme-
diately; g PD-1 and PD-L1 agents can be restarted if the
patient can recover to grade 1 or less diarrhea and/or colitis.
If the patients have an intravenous intolerance for 3—5 days,
the drug should be taken orally and reduced gradually after
8-12 weeks. If symptoms do not improve in 2-5 days,
clinicians should consider immunosuppressive therapy
with infliximab (5 mg/kg).*® For grade 4 diarrhea or colitis,
in addition to the above treatment, clinicians should perma-
nently withhold ICI treatment. If colon perforation occurs
during treatment, emergency surgery should be performed.
In a recently published retrospective review, early introduc-
tion of selective immunosuppressive treatment (infliximab)
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was shown to improve the prognosis of patients with ICI
treatment-related colitis.*” Recent studies have shown that
vedolizumab can work as an alternative therapy for inflix-
imab in immune-associated enterocolitis.’® In one case
report, cytomegalovirus reactivation was found in
a patient with refractory colitis after ICI treatment, which
may provide evidence for future treatment.”!

The basic composition of the gut microbiota may be an
important determinant of immune-related colitis after anti-
CTLA-4 treatment. Patients with overrepresented faecali-
bacterium and firmicutes have an increased risk of thera-
peutic colitis compared with patients with intestinal flora
dominated by bacteroides.*> The recolonization of B fia-
gilis and burkholderia cepacia could alleviate treatment-
induced colitis.?* Therefore, the baseline microbiota com-
position of patients is recommended to be tested before
treatment to screen the beneficiaries, increase the abun-
dance of anti-cancer probiotics, enhance effect, and over-

come resistance in immunotherapy.

Liver-Related Complications

Liver-related AEs tend to appear at 4-12 weeks after
treatment initiation. Delayed hepatotoxicity can also
occur after discontinuation of immunotherapy or after
treatment of hepatotoxicity. The severity of hepatotoxicity
is determined by the degree of abnormalities in biochem-
ical hepatic indicators in patient sera, classification by
multiple degrees of the upper limit of normal (ULN).
The diagnosis of immune-related hepatitis requires exclu-
sion of all causes of hepatitis, including hepatitis flare,
obstruction of biliary tract, bacterial infection, tumor pro-
gression, and use of hepatotoxic drugs. Even in severe
cases, hepatotoxicity tends to be asymptomatic; thus, reg-
ular examination of liver function is warranted and a liver
function baseline should be measured before each treat-
ment cycle. Generally, compared with anti-CTLA-4 mAbs,
the onset of irAEs caused by anti-PD(L)l mAbs is
delayed.” Although acute hepatitis resulting from ICI
treatment is rare, cases of acute hepatic failure have been
reported after administration of CTLA-4 and PD-1
inhibitors.”>*

Liver histology and liver function tests are essential to
distinguish between immune-related hepatitis from auto-
immune hepatitis, make a definite diagnosis, and assess the
severity of hepatotoxicity. The predominant histological
pattern of ICI-induced hepatitis demonstrated pan-lobular
hepatitis and bile duct injury including fibrin ring granu-
lomas, central vein endotheliitis, prominent sinusoidal

lymphobhistiocytic infiltrates, and endothelialitis involving
central veins.”> CTLA-4 blockade can cause elevation of
several biochemical indicators in liver tests, including
alkaline phosphatase, AST/ALT, and bilirubin. Histology
related to anti-CTLA-4 mAbs use showed granulomatous
hepatitis with fibrin deposition and central vein endothe-
liitis. PD-(L)1 inhibitors generally just cause an elevation
of AST/ALT, and the histological features associated with
anti-PD-(L)] mAbs is
hepatitis.”” In addition, compared with autoimmune hepa-

lobular non-granulomatous
titis and drug-induced liver injury, the number of CD3+
and CD8+ lymphocytes in ICIs treatment-related hepatitis
increased, and the number of CD20+ B cells and CD4+
T cells decreased.”® Moreover, lobular hepatitis with
necrosis caused by anti-CTLA-4 mAbs is either spotty or
confluent because of the inflammatory infiltration that is
generated by CDS8 lymphocytes,”® while anti-PD-(L)1
mAbs can cause both CD4 and CD8 lymphocytes infiltra-
tion. Furthermore, autoimmune hepatitis has characteris-
tics of plasma cell infiltration, severe interface hepatitis,
piecemeal necrosis, and rosette formation, which immune-
related hepatitis lacks.

Generally, hepatotoxicity is categorized as grade 1
(AST/ALT <3x ULN), grade 2 (AST/ALT 3-5x ULN),
grade 3 (ALT/AST 5-20x ULN) and grade 4 (ALT/
AST>20x ULN) according to CTCAE version 4.03.
Considering that the basic liver function of HCC patients
may be abnormal, hepatotoxicity also can be categorized
as grade 1 (AST/ALT <5x ULN), grade 2 (AST/ALT 5-8x
ULN), grade 3 (AST/ALT 8-20x ULN) and grade 4 (ALT/
AST>20x ULN).*> Among patients received ICI therapy,
AST and ALT elevation of all levels and > grade 3 has
been reported in 21% and 12%, and 15% and 6% patients,
respectively, among those receiving nivolumab; 13-22.6%
and 7-13.3%, and 9-17.6% and, 4-6.1% among those
receiving pembrolizumab; and 21% and 5%, and 22%
and 1% among those receiving camrelizumab; 19.5% and
14%, and 7% and 3.6% among those receiving atezolizu-
mab—bevacizumab combination therapy. In a phase III
clinical trial of nivolumab monotherapy, 17% of patients
experienced hepatic AEs and 10% of them were > grade 3.
In total, 17.5% of patients showed AST elevation when
administered a combination of durvalumab and tremelimu-
mab. Chronic hepatitis infection and nonalcoholic steato-
hepatitis of HCC patients may make the diagnosis of
treatment-related hepatitis more difficult. A total of
10-20% of patients with HCC experienced any level of
AST elevation when receiving a placebo.’”">® Therefore,
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to accurately grasp the appropriate treatment timing of
ICI-induced hepatotoxicity, it is essential to clarify the
classification and treatment principles of liver AE.

It is critical for patients to accept routine medical
assessments for early detection and treatment of ICI-
induced hepatotoxicity. When immune-mediated hepatitis
is suspected, drugs that can cause latent liver toxicity
should be ruled out, and levels of alkaline phosphatase,
GGT, bilirubin, albumin, and thrombin should be checked.
If the condition worsens, ultrasound or computed tomo-
graphy examination should be performed to exclude
ascites, biliary tract obstruction, and/or tumor progression.
Tissue biopsy can be used to differentiate ICI-induced
hepatotoxicity from autoimmune liver disease. The viral
load of patients infected with HBV and HCV should be
monitored carefully. A recent study reported that cytome-
galovirus reactivation may also be the reason for immune-
related hepatitis which is worth further investigation.>

Steroid therapy is the most common treatment in most
ICI-induced hepatotoxicity. For grade 2 hepatotoxicity, ICI
treatment should be suspended and can be resumed when
hepatitis improves to grade 1. Routine use of corticoster-
oids is not recommended. For grade 3 or higher, ICI
treatment should be hold and consider resuming ICI
when hepatitis improves to grade 2. If grade 3 hepatotoxi-
city does not improve while suspend ICI, oral prednisone
0.5-1 mg/kg/day is recommended. Intravenous injection
methylprednisone 1-2 mg/kg/day is recommended for
grade 4 hepatotoxicity and need to discontinue ICI treat-
ment permanently. Reintroduction of ICI treatment may
not necessarily cause relapse of  hepatitis.*’
Mycophenolate mofetil, azathioprine, budesonide, cyclos-
porine, tacrolimus, ursodeoxycholic acid (UDCA), anti-
thymocyte globulin (ATG), tocilizumab (IL-6 receptor
antagonist), and plasma exchange could be used as an
additional immunosuppressant to treat steroid refractory
hepatotoxicity.”” Because of the concern for anti-TNF
induced liver injury, most guidelines do not support inflix-
imab as a treatment for steroid-refractory toxicity, how-
ever, no such cases have been reported.

Thyroid Dysfunction

Thyroid dysfunction is the most common endocrine irAE
in ICI treatment. The rationale of immune-related thyroid
dysfunction is not completely known, but mainly involves
that anti-PD-(L)1 therapy can enhance preexisting antith-
yroid antibodies through modulating humoral immunity,
thereby causes silent inflammatory thyroiditis.®' Immune-

related thyroid dysfunction usually manifests as hyperthyr-
oidism and hypothyroidism, which can generally be diag-
nosed by detecting serum TSH level and comparing with
the level before treatment. Among them, hypothyroidism
is more common, usually manifested as fatigue, weight
gain, bradycardia and slow transit. Hyperthyroidism
usually manifests as fatigue, nervousness, weight loss,
and palpitations.

In patients receiving pembrolizumab and camrelizu-
mab monotherapy, the incidence of hypothyroidism was
5-6% and 9%, respectively, and almost no high-level
events reported. In total, 3.2% of patients had hyperthyr-
oidism in pembrolizumab monotherapy, and there were no
reports of grade 3 irAE. In the atezolizumab plus bevaci-
zumab combination therapy, less than 10% of patients with
abnormal thyroid function and the specific proportion did
not reflect in the report. Thyroid dysfunction has a higher
incidence in the combined treatment of nivolumab and
ipilimumab, with hypothyroidism in 8-20% of patients
and hyperthyroidism in 6-10% of patients, but no high-
level events occurred. Since the liver is an important place
for the conversion of thyroxine T4 to T3, the free T4 level
and free T3 level of patients with cirrhosis are higher than
normal. When the liver function of patients with liver
cirrhosis damaged severely, a decrease in T3 level will
also be found. Moreover, the clinical manifestations of
abnormal thyroid function are usually masked by the clin-
ical manifestations of tumors. Therefore, before receiving
ICI treatment, screening for existing thyroid dysfunction
through TSH assay and establishing a baseline of T4 and
TSH levels are particularly important for the diagnosis of
treatment-related thyroid dysfunction. When abnormal
TSH and T4 levels are found, it is necessary to ensure
that there is no iodine saturation associated with the injec-
tion of contrast media, and to exclude drug interference
that easily affects the hypothalamic-pituitary-thyroid axis
(such as glucocorticoids), and TSH concentration caused
by non-thyroid diseases Decrease (such as low T3/T4
that
primary hyperthyroidism).

syndrome) and other primary diseases cause
hyperthyroidism (such as
Generally, elevated TSH indicates hypothyroidism, and
elevated T4 level indicates thyrotoxicosis.

Generally, there is no need to stop immunotherapy
when immune-related thyroid function abnormalities
occur. When symptomatic hyperthyroidism occurs, B-
blocker therapy can be used to control the heart rate.
Treatment should be carried out according to EUGOGO

group guidelines when Graves disease reported. If TSH>
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10mIU/L or symptomatic hypothyroidism occurs and TSH
5—10 mIU/L is tested twice in a row, levothyroxine should
be considered. Early intervention of endocrinologists to
develop individualized treatment plans is recommended.

Rare Immune-Related Toxicities
The incidence of irAEs was relatively low in the other
target organs involved. For PD-1 inhibitors, the incidence
of pneumonia in HCC patients treated with nivolumab was
approximately 3%, and there were few patients with
>grade 3 severity. The incidence of anemia was 8%, and
about 2% of patients developed grade 3 complications. In
addition, only one case of AKI was reported out of all 262
patients. In the phase II pembrolizumab clinical trial, 6%
and 1% of HCC patients reported grade 1 or 2 and grade 3
myalgia, respectively, and no cases were found in phase III
clinical trial. Only 4% of patients experienced anemia,
while 0.5-3% of patients experienced adrenal insuffi-
ciency. However, the number of patients involved is not
enough to exclude the potential risk of irAEs. It is worth
noting that irAEs may appear within a few months after
the interruption of ICI.%* Additionally, in other ICIs trials,
only one of the 104 patients developed grade 3 heart fail-
ure, and there were no other heart-related complications.

In clinical trials of tremelimumab for HCC, only three
out of 15 patients developed acute renal failure, and three
out of every 20 patients developed >grade 3 encephalo-
pathy, yet these complications are thought to be more
associated with underlying cirrhosis than treatment with
ICIs.

For the combination therapy of anti-CTLA-4 and anti-PD
-1, 10% of patients developed pneumonia when treated with
a combination of nivolumab and high-dose ipilimumab,
while 2.5% of patients developed pneumonia when treated
with combination of durvalumab and tremelimumab.

Despite the low incidence, if left untreated, complica-
tions related to the respiratory, circulatory, and nervous
systems can prove fatal. For pneumonia, early diagnosis
and classification are critical to improving prognosis.
When immune-related pneumonia is suspected, chest
radiographies and lung CT scans should be carried out,
and respiratory and/or infectious disease specialists should
be recommended for early multidisciplinary input to
exclude infectious diseases, tumor progression, and pul-
monary embolism. Unless there is a diagnostic problem,
no biopsy of the affected lung tissue is required. For grade
1 pneumonitis, consideration should be given to disconti-
nuing ICI treatment and monitoring every 2-3 days. For

grade 2 pneumonitis, patients with mild-to-moderate
symptoms should be given oral prednisolone (1 mg/kg/
day) and antibiotics. Once the pneumonia resolves to
<grade 1 and the patient is no longer on steroids, ICI
treatment can be resumed. In terms of grade 3 or 4 disease,
clinicians should permanently discontinue ICI treatment
and immediately start intravenous methylprednisolone at
a rate of 1-2 mg/kg/day. Further respiratory support treat-
ment should be considered. If there is no improvement
after 48 h, infliximab (5 mg/kg) or MMF (1 g, b.i.d)
should be considered. Infliximab can be reused after 2
weeks depending on the patient’s condition.

For neurological complications, it is important to rule
out other causes of neurological symptoms and consult
a neurologist as soon as possible. Further, serum ammonia
levels should be measured to rule out hepatic encephalo-
pathy due to cirrhosis. Brain MRI can rule out tumor
metastasis. Wernicke’s encephalopathy can be excluded
by inquiring about alcohol and dietary history, and elec-
troencephalography can also be used to rule out subclinical
epileptic activity. Nerve conduction studies, electromyo-
graphy, and cerebrospinal fluid tests can be used to
exclude peripheral sensory or motor neuropathy.
Hepatitis C virus RNA, liver tests, and serum cryoglobulin
can identify autonomic neurological diseases caused by
chronic HCV infection. Examination of paraneoplastic
autoantibodies can be used to exclude autoimmune ence-
phalitis and paraneoplastic syndrome.®*** For Guillain—
Barre syndrome and myasthenia gravis, ICI treatment
should be stopped immediately, and steroids, intravenous
immunoglobulin, and plasma exchange therapy should be
considered. Although corticosteroids are not recommended
for idiopathic Guillain—Barre syndrome, they are applic-
able when it comes to ICl-related forms. For aseptic
meningitis and encephalitis, steroids should be used as
soon as possible; if herpes simplex virus or bacterial
infection are also present, patients should be treated with
antiviral drugs and antibiotics, respectively. For neurolo-
gical complications, extra care should be taken before
resuming ICI treatment and discussed in detail with the
patient.

Electrocardiography, chest radiography, echocardiogra-
phy, and blood levels of troponin and brain natriuretic
peptide should be assessed as soon as possible if any
level of cardiac AEs occur. In this case, ICI treatment
should be permanently discontinued and prednisolone
(1-2 mg/kg) treatment initiated, along with close monitor-
ing. If the steroid is ineffective, MMF, tacrolimus, or anti-
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thymocyte globulin therapy should be considered. Patients
with moderate-to-severe heart failure should discontinue
high-dose infliximab.*

Regular examination of adrenal tests and serum ion
levels in patients receiving ICIs should be carried out to
screen for hypophysitis and adrenal insufficiency at an
carly stage. If there are abnormalities, a further ACTH
stimulation test, pituitary MRI, and consultation with an
endocrinologist should be advised. Any increase in creati-
nine levels during ICI treatment, excluding other causes of
renal failure, should be considered potential irAEs. Renal
consultation and biopsy should be performed as soon as
possible.

Future Directions

Presently, studies of immunotherapy on new inhibitory
targets (LAG-3, TIM-3, BTLA, TIGIT, VISTA); stimula-
tion checkpoints (0X40, ICOS, GITR, 4-1bb, CD40);
tumor microenvironmental component targets (IDO,
TLR); vaccines; GPC3-targeted CAR-T therapy;®® and
JX-594 (Pexa-Vec) oncolytic virus®®
ment. However, taking into account the complexity of
of HCC,
a combination strategy seems to provide the most efficient

are under develop-

hepatocarcinogenesis and  heterogeneity
immunotherapy. Besides the combination of ICIs and
multi-kinase inhibitors mentioned earlier, other combina-
tion strategies such as with locoregional therapies, vac-
cines, and oncolytic viruses may also provide synergistic
effects and improve the therapeutic efficacy. AFP-derived
vaccines can boost the immune system by generating
effective CD8+ T-cell response to specific antigenic AFP
peptides. Preclinical data has proven that local oncolytic
virus injection can cause inflammatory immune infiltration
of distant tumors, rendering tumors susceptible to check-
point blockade.®” Locoregional treatments involving trans-
arterial chemoembolization and ablation can result in the
release of neoantigens, thereby activating antigen presen-
tation and stimulating peripheral immune response that
can be potentially amplified by immune-modulating
agents.®® Nevertheless, effective management of potential
irAEs is important to safely provide these combinational
treatments.

The efficacy of immunotherapy is affected by factors
from comprehensive involving tumor genomics, germline
genetics, the composition of host intestinal microbiome
and others. Therefore, effective biomarker-based patient
selection should be paid more attention. Further studies
are required to identify biomarkers that can predict

therapeutic response and the onset of potential irAEs in
HCC, which could help to personalize patient immu-
notherapy. The high expression of PD-L1 in HCC is asso-
ciated with poor prognosis, and it has been shown to be an
important biomarker for patient selection for ICI therapy.
However, clinical responses to atezolizumab and bevaci-
zumab were observed irrespective of PD-L1 status.'> The
presence of tumor-infiltrating lymphocytes (TILs), tumor
mutation burden (TMB), T cell-inflamed gene expression
profile (GEP), immune gene expression signatures, and
characterization of the microbiome can also influence
prognosis and prediction in many cancer types; however,
these need to be further verified in HCC.®’

Immunotherapy can also be utilized as neoadjuvant
therapy in the future to reduce the size of the primary
lesion, lower the clinical stage, increase the chance of
radical surgery, and preserve organ and tissue function.
Furthermore, it can also control and eliminate clinical or
subclinical small metastases to reduce the iatrogenic
spread of cancer cells during surgery and postoperative
recurrence and metastasis.

Conclusion

Immunotherapy is widely used in the treatment of liver
cancer. The safety and efficacy of drugs are equally impor-
tant in clinical application. Clinicians must strive to gain
more knowledge about immunology, carry out correspond-
ing organ evaluation before treatment, and be familiar with
the manifestations of adverse events associated with
immunotherapy. Early multidisciplinary intervention and
personalized treatment for irAEs are recommended.
Efforts should also be made to tailor treatment for indivi-
dual patients based on predictive biomarkers and etiology
that could reshape many previous treatment regimens and
guidelines and carry new hope for patients with advanced
disease.

Contribution to the Field Statement
HCC is one of the most common cancers worldwide and is
characterized by high malignancy and mortality, rapid pro-
gression, recurrence, and metastasis. Despite the many treat-
ment strategies for HCC, its prognosis remains poor.
Recently, the field of cancer immune-checkpoint inhibitors
(ICIs) immunotherapy has made promising advancements.
However, ICI immunotherapy can lead to a wide range of
immune-related adverse events including hepatotoxicity,
cutaneous toxicity, and gastrointestinal toxicity, which are
usually manageable but occasionally lead to fatal outcomes.
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This review focuses on the common toxicities of ICIs in
patients with HCC and summarizes the therapeutic strategies
that can be used to monitor and manage such toxicities to
improve prognosis, reshape previous treatment guidelines,
and present new hope for those with advanced cancer.
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