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Primary liver cancer is the second leading cause of tumor-related deaths in China,
with hepatocellular carcinoma (HCC) accounting for 80%–90% of these. Since
there is a lack of symptoms in the early stages of HCC, a large proportion of
patients were identified with unresectable HCC when diagnosed. Due to the
severe resistance to chemotherapy, patients with advanced HCC were
traditionally treated with systematic therapy in the past decades, and the
tyrosine kinase inhibitor (TKI) sorafenib has remained the only treatment option
for advancedHCC since 2008. Immunotherapies, particularly immune checkpoint
inhibitors (ICIs), have shown a strong anti-tumor effect and have been supported
by several guidelines recently. ICIs, for example programmed cell death-1 (PD-1)
inhibitors such as nivolumab and pembrolizumab, programmed cell death ligand 1
(PD-L1) inhibitors such as atezolizumab, and cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) inhibitors such as ipilimumab, the ICI-based combination with
TKIs, and VEGF-neutralizing antibody or systematic or local anti-tumor therapies,
are being further studied in clinical trials. However, immune-related adverse
events (irAEs) including cutaneous toxicity, gastrointestinal toxicity, and
hepatotoxicity may lead to the termination of ICI treatment or even threaten
patients’ lives. This review aims to summarize currently available immunotherapies
and introduce the irAEs and their managements in order to provide references for
clinical application and further research.
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Introduction

Liver cancer is a concerning health challenge and is the sixth most common malignancy
and the fourth leading cause of cancer-related mortality worldwide (Villanueva, 2019; Llovet
et al., 2021a). HCC, which is generally attributed to the background of chronic liver diseases
including hepatitis B virus (HBV) or hepatitis C virus (HCV) infection and alcoholic liver
disease or non-alcoholic fatty liver disease (NAFLD), accounts for over 90% of liver cancers
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(Younossi et al., 2018; Llovet et al., 2021b). Although the incidence
rates of HCC have decreased due to the coverage of HBV vaccines
and anti-viral therapies in some regions, the global incidence of
HCC continues to rise, resulting in at least 1,000,000 HCC cases
annually by 2025 (Llovet et al., 2021a; Sung et al., 2021).
Unfortunately, due to the lack of symptoms and physical
characteristics of HCC patients, as well as the unsatisfactory
HCC surveillance accuracy and popularity, potentially curative
treatment is not possible for over 80% of patients at the time of
diagnosis (Zongyi and Xiaowu, 2020). Due to the severe and broad
resistance to cytotoxic chemotherapy, systemic therapy was a
controversial option for patients with advanced HCC before
2008. After years of waiting and many unsuccessful clinical trials,
Llovet et al. (2008) demonstrated the anti-tumor effect of sorafenib
as an oral multi-kinase inhibitor in a phase III trial, the SHARP
study. Sorafenib was the first systemic therapy for HCC, prolonging
survival by a few months. Although the survival benefit of using
sorafenib is not clinically meaningful, the viable option for advanced
HCC was limited to sorafenib alone for 10 years until the emergence
of lenvatinib, which not only showed an overall survival (OS) that
was not inferior to sorafenib but also improved all secondary
endpoints (Al-Salama et al., 2019). Moreover, regorafenib was
also approved as the second-line therapeutic setting for advanced
HCC (Llovet et al., 2018).

In addition to TKIs including sorafenib, lenvatinib, and
regorafenib, immunotherapy is gaining continued traction in
treating advanced HCC (Fulgenzi et al., 2021). Based on the
cancer immunosurveillance hypothesis postulating that evasion
from immune control is an essential feature of cancer, immune
checkpoint molecules including PD-1, PD-L1, and CTLA-4 were
further studied (Brahmer et al., 2010; 2012; Pardoll, 2012; Topalian

et al., 2012; Zitvogel et al., 2016a; Zitvogel et al., 2016b). In fact, ICIs
have been proven to be an efficacious anti-cancer strategy in other
solid cancers, e.g., non-small-cell lung cancer (NSCLC), renal
cancer, and melanoma (Larkin et al., 2015; Amin and Hammers,
2018; Mazieres et al., 2019). Recent clinical trials have also
discovered the prolonged survival of HCC patients using ICIs,
showing the promising curative effect of ICIs toward HCC (Finn
et al., 2020a; Greten et al., 2021; Yau et al., 2022). As a breakthrough,
the combination of atezolizumab plus bevacizumab was introduced
into the first-line therapies for advanced HCC, which has provided
patients with a hopeful option (Llovet et al., 2021b).

Mechanisms of immunotherapy

In the normal cancer-immunity cycle for killing tumor cells
(Figure 1), the antigens from tumor cells are first captured and
further processed by dendritic cells (DCs). Second, captured
antigens are presented to T cells to activate the T-cell responses
against the cancer-specific antigens (Chen and Mellman, 2013).
After assembling in the tumor tissue and infiltrating the tumor bed,
T cells specifically recognize and bind tumor cells and then kill the
targeted tumor cells (Chen and Mellman, 2013). However, in tumor
patients, the cancer-immunity cycles fail to run optimally, leading to
tumor development and even endangering the host’s life.

Belonging to the immunoglobulin super family, PD-1 is a
transmembrane coinhibitory receptor primarily expressed on the
surface of activated T cells and NK cells (Huang et al., 2021) as the
ligands to PD-1, PD-L1 (B7-H1 or CD274), and PD-L2 (B7-DC or
CD273) are expressed on the surface of tumor cells (Figure 2)
(Huang et al., 2021). Once the tumor cells are detected by the

FIGURE 1
Cancer-immunity cycle for killing tumor cells.
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T cells, the overexpressed PD-L1/2 from the tumor cells engages
with PD-1 on the T cells, and the physiological inhibitory pathways
will therefore be hijacked by the tumor cells to escape the host
immune surveillance system (Huang et al., 2021). After numerous
attempts, the PD-1/PD-L1 inhibitors were proved to have the ability
to remove the coinhibitory signal by blocking PD-1 or PD-L1, and
rebuild the normal immune system surveillance kill tumor cells
(Sharma and Allison, 2015).

CTLA-4, as a member of the CD28 immunoglobulin subfamily,
is also mainly expressed on the T cells (Figure 3). When CTLA-4
engages with its ligands, CD80 and CD86, similarly to CD28, the
coinhibitory response will be activated and the tumor cell will escape
the host immune surveillance system (Rowshanravan et al., 2018; Xu
et al., 2018). On the contrary, when CD80 and CD86 engage with
CD28, the costimulatory response is initiated (Rowshanravan et al.,
2018; Xu et al., 2018). Therefore, by blocking the checkpoint CTL4-
4, CTLA-4 inhibitors managed to repair the collapsed immune
surveillance system.

PD-1/PD-L1 inhibitors

The engagement of PD-1 expressed on the surface of activated
CD8+ T cells with PD-L1 expressed by HCC cells not only averts the
excessive activation of T cells, decreasing tumor-killing efficiency by
transmitting inhibitory signals, but also weakens proliferation and
cytolytic activity, followed by the defects or even deletion of cytokine
production, eventually leading to an exhausted T-cell phenotype

(Wherry, 2011). With regard to the mechanisms of the PD-1
engagement with PD-L1 in the development of HCC, PD-1 and
PD-L1 inhibitors are widely recognized as the backbone of systemic
therapies for HCC, and several main randomized clinical trials are
shown in Table 1.

In 2007, according to the results of the CheckMate 040 trial,
nivolumab was granted accelerated approval by the US Food and
Drug Administration (FDA) as a PD-1 inhibitor for treating
advanced HCC after the failure of sorafenib (Chiew Woon et al.,
2020). In the CheckMate 040 trial, 214 patients in the dose-
expansion phase and 48 patients in the dose-escalation phase
were enrolled (El-Khoueiry et al., 2017). According to the
Response Evaluation Criteria in Solid Tumors (RECIST)
1.1 criteria, an objective response rate (ORR) of 20% (95% CI:
15%–26%) was shown in the dose-expansion phase at the nivolumab
dose of 3 mg/kg every 2 weeks and an ORR of 15% (95% CI: 6%–
28%) was shown in the dose-escalation phase (El-Khoueiry et al.,
2017). Among 48 patients in the dose-escalation phase, the median
duration of response to nivolumab was 17 months (95% CI:
6–24 months), and among responders, a 2-year survival rate of
over 80% was observed (El-Khoueiry et al., 2017).

The efficacy of nivolumab was further evaluated in the
CheckMate 459 trial by comparing it with sorafenib, which was
the first systemic agent approved for the treatment of HCC (Man
et al., 2021; Yau et al., 2022). In this randomized, open-label, phase
III clinical trial, 743 patients across 22 countries and regions were
finally selected and randomly assigned into two cohorts (nivolumab,
n = 371; sorafenib, n = 372) (Yau et al., 2022). At the follow-up after

FIGURE 2
Illustration of the mechanism of PD-1/PD-L1 inhibitors. (APC, antigen-presenting cell; PD-1, programmed cell death-1; PD-L1, programmed cell
death ligand 1).

FIGURE 3
Illustration of the mechanism of CTLA-4 inhibitors. (APC, antigen-presenting cell; CTLA-4, cytotoxic T-lymphocyte-associated protein 4).
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22.8 months, the nivolumab cohort achieved a median OS of
16.4 months (95% CI: 13.9–18.4 months) versus the sorafenib
cohort that achieved a median OS of 14.7 months (95% CI:
11.9–17.2 months). Despite an extra 2 months of OS time, with a
p-value of 0.075, the CheckMate 459 trial did not meet the primary
boundary. However, given the fact that at least 31% of patients from
the sorafenib cohort had received ICIs after sorafenib treatment, as
well as the secondary endpoints favoring nivolumab over sorafenib,
the study still concluded that nivolumab was superior to sorafenib,
with encouraging long-term survival, durable clinical activity of
response frequency and durability, less immune-related adverse
events, and clinically meaningful improvements in health-related
quality of life (Sangro et al., 2021; Yau et al., 2022).

Similar to nivolumab, pembrolizumab is another fully
humanized PD-1 monoclonal antibody inhibitor. A year after the
approval of nivolumab, considering the results from a non-
randomized, multicenter, open-label, phase II trial “KEYNOTE-
224” reported in 2018, the FDA approved pembrolizumab for the
treatment of advanced HCC after sorafenib failure or intolerance
(Zhu et al., 2018). After recruitment and screening, 104 patients with
advanced HCC after sorafenib treatment were finally enrolled into
this study. The primary endpoint was an objective response, and it
was shown that the objective response was observed in 18 patients
(17%), among which the best overall responses were complete
response from one patient (1%) and partial responses from
17 patients (16%) (Zhu et al., 2018). Meanwhile, the median OS
was 12.9 months (95% CI: 11.9–17.2 months), the median
progression-free survival (PFS) was 4.9 months (95% CI:
3.9–8.0 months), the 1-year PFS rate was 28% (95% CI: 19%–
37%), and the 1-year OS rate was 54% (95% CI: 44%–63%) (Zhu
et al., 2018).

However, the trial “KEYNOTE-224” was a non-randomized
study without a control group, and the results were further
validated in a large randomized, phase III trial “KEYNOTE-240”
(Finn et al., 2020b). In 2020, the results of KEYNOTE-240 were
reported. The efficacy of pembrolizumab was further evaluated by

comparing with the control cohort using best supportive care (BSC)
or placebo plus BSC, and the primary endpoint was OS and PFS. A
total of 413 advanced HCC patients from 119 institutions across
27 countries were finally recruited and divided into the
pembrolizumab cohort (n = 278) and the placebo cohort (n =
135) (Finn et al., 2020c). It was reported that the median OS of
the pembrolizumab cohort was 13.9 months (95% CI:
11.6–16.0 months), which was better than the median OS of
10.6 months (95% CI: 8.3–13.5 months) from the placebo cohort
with a p-value of 0.0238. In terms of tumor progression, the
pembrolizumab cohort showed a median PFS of 3.0 months
(95% CI: 2.8–4.1 months), which was superior to that of
2.8 months (95% CI: 1.6–3.0 months) from the placebo cohort
(p = 0. 0022) (Finn et al., 2020a). Although both the OS and PFS
were improved after pembrolizumab treatment compared to the
placebo cohort, the trial “KEYNOTE-240” was still judged as a
failure as it did not meet the prespecified statistical endpoints.

As shown previously, the ORR of several PD-1 inhibitors was
only 15%–20%, and the first-line monotherapy trial “CheckMate
459” and the second-line monotherapy trial “KEYNOTE-240” were
both declared failures (Finn et al., 2020b; Yau et al., 2022). It was not
until the emergence of IMbrave150 that hope was revived for the
systematic treatment of HCC. With the publication of this global,
open-label, phase III randomized trial, the combination of the PD-
L1 inhibitor, atezolizumab, and the anti-VEGF monoclonal
antibody, bevacizumab, was highly expected as a novel strategy
for unresectable HCC treatment (Finn et al., 2020c).

Before IMbrave 250, atezolizumab treatment had been validated
as a superior option to platinum-based chemotherapy for NSCLC
patients with high PD-L1 expression (Herbst et al., 2020). In this
trial, a total of 501 patients with locally advanced metastatic or
unresectable HCC were finally enrolled, of which 336 (67.1%)
patients were randomly assigned to receive atezolizumab plus
bevacizumab, while 165 (32.9%) patients were included in the
sorafenib cohort. Defining OS and PFS as the primary endpoints,
patients of the atezolizumab–bevacizumab cohort conducted better

TABLE 1 Main randomized clinical trials of ICIs for advanced HCC.

Name Treatment Study
phase

Control
group

Primary
endpoint

ORR, % Median OS,
months

Median PFS,
months

CheckMate
040

Nivolumab I/II None Safety and ORR 20 15.6 4.0

CheckMate
040

Nivolumab plus
ipilimumab

I/II None Safety, tolerability,
and ORR

32 22.8 NR

KEYNOTE-
224

Pembrolizumab II None ORR 17 12.9 4.9

KEYNOTE-
240

Pembrolizumab III Placebo OS and PFS 18.3 vs. 14.4, p <
0.001

13.8 vs. 10.6, p =
0.024

3.0 vs. 2.8, p = 0.002

CheckMate
459

Nivolumab III Sorafenib OS 15 vs. 7, p = NR 16.4 vs. 14.8, p =
0.052

3.7 vs. 3.8, p = NS

IMbrave150 Atezolizumab plus
bevacizumab

III Sorafenib OS and PFS 30 vs. 11, p <
0.001

19.2 vs. 13.4, p <
0.001

6.8 vs. 4.3, p < 0.001

COSMIC-312 Cabozantinib plus
atezolizumab

III Sorafenib OS and PFS 13 vs. 6, p = NR 15.4 vs. 15.5, p = 0.44 6.8 vs. 4.2, p = 0.001

ICI, immune checkpoint inhibitor; NR, not reported; NS, not significant; ORR, objective response rate; OS, overall survival; PFS, progression-free survival.
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estimated survival rates at timepoints of 6 months (84.8% versus.
72.2%) and 12 months (67.2% versus. 54.6%) compared to the
sorafenib cohort (Finn et al., 2020a). Meanwhile, the
atezolizumab–bevacizumab cohort also had a significantly longer
PFS than the sorafenib cohort (median, 6.8 months versus.
4.3 months, p < 0.001). Furthermore, the PFS at 6 months in the
atezolizumab–bevacizumab cohort was 54.5%, which was much
higher than 37.2% in the sorafenib cohort. Not only the primary
endpoints but also the secondary endpoints of the
atezolizumab–bevacizumab cohort performed better than the
sorafenib cohort. The confirmed ORR was 27.5% (95% CI:
22.5%–32.5%) in the atezolizumab–bevacizumab cohort, which
was significantly superior to that of 11.9% (95% CI: 7.4%–18.0%)
in patients treated with sorafenib (p < 0.001).

CTLA-4 inhibitors

Similar to PD-1, CTLA-4 is another member of the
immunoglobulin-related receptor family regulating various
aspects of T-cell immune functions (Zhang et al., 2019). CTLA-4
is mainly expressed in regulatory T cells, which transmits a negative
signal directly in effector T cells and regulates the negative immune
responses of T cells (Lisi et al., 2022). Therefore, CTLA-4 has been
envisioned as a target of monoclonal antibodies for cancer
immunotherapy and CTLA-4 inhibitors. To enhance its anti-
tumor effect, nowadays, the CTLA-4 inhibitors are widely used
in combination with other ICIs (Yau et al., 2020; Pinato et al.,
2021a).

Ipilimumab was the first CTLA-4 inhibitor approved in 2010 for
metastatic melanoma (Hodi et al., 2010). Meanwhile, tremelimumab
was the first CTLA-4 inhibitor used for HCC treatment (Sangro
et al., 2013). In the clinical trial conducted by Sangro et al., 20 HCV-
positive patients with inoperable HCC were enrolled and received
intravenous tremelimumab at a dose of 15 mg/kg on day 1 of every
90-day cycle until tumor progression and occurrence of
unacceptable toxicities. The trial showed that under
tremelimumab treatment, patients with inoperable HCC achieved
a median OS of 8.2 months and a median time-to-progression
(TTP) of 6.48 months. Moreover, the 6-month survival rate was
64% and the 1-year survival rate was 43%.

Exploration of ICI combinations

Apart from the combination of atezolizumab and bevacizumab,
several studies investigated the possibility of combining ICIs of
different targets. As it was mentioned previously, CTLA-4 ICIs were
usually used in combination with PD-1/PD-L1 ICIs. In the
CheckMate 040 trial, a total of 148 patients were enrolled to
receive the combination of ipilimumab and nivolumab (Yau
et al., 2020). In this multicenter, open-label, phase I/II study,
patients were randomly divided into three arms (50 in arm A
and 49 each in arms B and C). The dose of
ipilimumab–nivolumab differed across different arms. Patients in
arm A were treated with nivolumab 1 mg/kg plus ipilimumab
3 mg/kg every 3 weeks, followed by nivolumab 240 mg every
2 weeks; patients in arm B were treated with nivolumab 3 mg/kg

plus ipilimumab 1 mg/kg every 3 weeks, followed by nivolumab
240 mg every 2 weeks; and patients in arm C were treated with
nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every
6 weeks. After follow-ups, arm A showed the highest ORR of 32%
(95% CI: 20%–47%) compared with 27% (95% CI: 15%–41%) in arm
B and 29% (95% CI: 17%–43%) in arm C and the longest median OS
of 22.8 months versus 12.5 months and 12.7 months in arms B and
C, respectively.

In addition to the combination of different ICIs, the
combination of ICIs and TKIs is also a potentially effective
treatment for advanced HCC. TKIs play an anti-tumor role by
blocking several angiogenic pathways and further maintaining the
consequent stability of the vascular endothelium in the tumor bed
(Wong et al., 2015). TKIs, along with ICIs, have been considered the
cornerstone for systematic HCC treatment. Since 2007, several TKIs,
including sorafenib and lenvatinib, have been approved for the
systemic treatment of advanced HCC (Al-Salama et al., 2019).
Research on exploring the efficacy of the combination of TKIs
and ICIs in the treatment of advanced HCC has never stopped.
An international, open-label, randomized clinical phase III trial
named COSMIC-312, which studied the combination of
cabozantinib and atezolizumab, was recently published
(Antonella et al., 2022; Kelley et al., 2022). A total of
837 advanced HCC patients have been enrolled and randomly
treated with cabozantinib–atezolizumab, sorafenib alone, or
cabozantinib alone in a 2:1:1 ratio. Researchers assessed the PFS
in accordance with RECIST 1.1 that was assessed by a blinded and
independent committee for the first 372 patients from the
cabozantinib–atezolizumab cohort or sorafenib cohort and OS in
all the patients from the cabozantinib–atezolizumab cohort or
sorafenib cohort as the dual primary endpoints of this study. It
was reported that the combination treatment cohort achieved a
median PFS of 6.8 months (95% CI: 5.6–8.3 months) versus
4.2 months (95% CI: 2.8–7.0 months) in the sorafenib cohort
with a statistically significant p-value of 0.0012. However, in the
interim analysis, the median OS in the cabozantinib–atezolizumab
cohort was 15.4 months (95% CI: 13.7–17.7 months), while the
median OS in the sorafenib cohort was 15.5 months (12.1- not
estimable) with a p-value of 0.44. Additionally, in subgroups with
more advanced HCC, an improved PFS was also observed, and
further studies to evaluate the efficacy of cabozantinib plus
atezolizumab are still needed.

Ongoing clinical trials

Needless to say, the research focusing on the immune
checkpoint inhibitors is far from over, and there are abundant
clinical trials ongoing, exploring efficient immunotherapies. An
abstract of the clinical trial “RATIONALE 301” exploring the
efficiency of tislelizumab versus sorafenib for advanced HCC was
reported recently. The study revealed that patients receiving
tislelizumab showed an OS not inferior to that of those receiving
sorafenib (15.9 months versus. 14.1 months), and the tislelizumab
cohort showed a better ORR (14.3% versus. 5.4%). Meanwhile, fewer
patients in the tislelizumab cohort experienced irAEs, and fewer
patients suffered irAEs that led to discontinuation or dosing
adjustment. Another clinical trial (NCT03764293) evaluated the
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efficiency and safety of the combination of camrelizumab with
rivoceranib for unresectable HCC compared with those of
sorafenib. The combination cohort showed both significantly
longer median OS (22.1 months versus. 15.2 months) and median
PFS (5.6 months versus. 3.7 months). Notably, the combination of
camrelizumab with rivoceranib achieved the longest median OS
among all the phase III clinical trials for advanced HCC, and this
combination has the potential to be another first-line treatment
option.

Adverse events after ICI treatments

Although the therapeutics for advanced HCCwere reshaped, the
immune-modulatory therapy inevitably leads to immune system
imbalance and a series of irAEs including cutaneous toxicity,
gastrointestinal toxicity, hepatotoxicity, and thyroiditis (Mitchell
et al., 2013; Khoja et al., 2017; Wu et al., 2017; Barroso-Sousa et al.,
2018; Kurimoto et al., 2020; Pinato et al., 2021b). Unfortunately, the
precise mechanism of irAEs still remains unclear. These irAEs tend
to appear after 8 weeks of ICI treatment, and most of them are
typically reversible and controllable, but occasionally they lead to
withdrawal or fatal outcomes. Therefore, monitoring and managing
such irAEs are also an essential part of ICI therapeutic strategies, and
most clinical trials considered the occurrence of irAEs as one of the
endpoints of the whole trials.

In terms of irAEs in all the cancers, irAEs after PD-1 or PD-L1
inhibitor treatment are dose-independent, while in those treated
with the CTLA-4 inhibitor, the occurrence of irAEs tends to be dose-
dependent (Bertrand et al., 2015; Wang et al., 2019). Two
independent meta-analyses on PD-L1 and CTLA-4 reached
similar conclusions that the most common target organs for
irAEs are skin, followed by the gastrointestinal tract and liver
(Bertrand et al., 2015; Wang et al., 2018). Meanwhile, for patients
treated with PD-1/PD-L1 inhibitors in combination with
chemotherapy, radiotherapy, immunotherapy, or targeted
therapy, a meta-analysis identified that the most common irAEs
of all grades were anemia (45.4%), fatigue (combination with
targeted therapy) (34.3%), fatigue (combination with targeted
therapy) (26.4%), and dysphagia ((30.0%), respectively, and the
most common irAEs of grade 3 or higher were neutropenia
(19.6%), hypertension (9.3%), a high level of lipase (7.2%), and
lymphopenia (10.3%) (Zhou et al., 2021). However, due to the
unique liver immunobiology and underlying liver diseases such
as cirrhosis and viral hepatitis in HCC patients, the symptoms of
irAEs were always covered or ignored, which poses a major
challenge to the safe use of ICIs for advanced HCC patients.

Cutaneous toxicity is the most common and obvious irAEs after
ICI treatment. Generally, cutaneous toxicity mostly manifesting as
rash and pruritus occurs within 2 weeks after the first dose.
Fortunately, less than 1% of patients receiving monotherapies
and 4% of patients receiving combination therapies develop skin
irAEs of grade 3 or higher (Sangro et al., 2020). According to
previous studies, rash occurred in 15%–30% of patients receiving
nivolumab alone, 8%–10% of patients receiving pembrolizumab
alone, and 17%–29% of patients receiving a combination of
nivolumab and ipilimumab. Meanwhile, pruritus occurred in
20%–27% of patients in the nivolumab cohort, 12%–18% of

patients in the pembrolizumab cohort, and 30%–45% of those
treated with the combination. For patients with dermatological
problems after receiving ICIs, first of all, pre-existing skin
conditions, chronic liver disease-related skin disorder, or any
other causes of skin disorder should be identified and ruled out.
For patients with cutaneous involvement of grade 1 or 2, ICI
treatment can be continued after administering triamcinolone
0.1% along with antihistamine treatment. For patients with more
severe symptoms (grade 3), systemic hormone therapies, such as
oral prednisolone, should be given at a dose of 1–2 mg/kg on the
basis of the aforementioned topical therapy. For patients with grade
4 or life-threatening skin disorders, ICI treatment should be
terminated immediately and methylprednisolone should be given
at a dose of 1–2 mg/kg (Brahmer et al., 2018).

Gastrointestinal toxicity in patients after ICI treatments usually
manifests as diarrhea and colitis (Vogl et al., 2011; Nielsen et al.,
2022). Generally, diarrhea and colitis are commonly diagnosed at
6–8 weeks, following the initiation of ICIs. For overall cancer
populations, a recently published meta-analysis showed that the
incidence rates of diarrhea of grade 1–4 and grade 3–4 after
administering pembrolizumab at a dose of 200 mg every 3 weeks
were 9.5% and 0.3%, and the incidence rates of colitis of grade
1–4 and grade 3–4 were 1.3% and 0.4%, respectively (Nielsen et al.,
2022). Meanwhile, at the standard flat dose of nivolumab of 240 mg
every 2 weeks, the incidence rates of diarrhea of grade 1–4 and grade
3–4 were 11.6% and 0.04%, and the incidence rates of colitis of grade
1–4 and grade 3–4 were 0.2% and 0.0%, respectively (Nielsen et al.,
2022). For patients receiving a 1,200 mg dosage of atezolizumab
every 3 weeks, the incidence rate of grade 1–4 and grade
3–4 diarrhea was 8.8% and 0.1%, and 0.6% and 0.3% for grade
1–4 and grade 3–4 colitis, respectively. For advanced HCC patients
after ICI treatments, the incidence of diarrhea and colitis is
consistent with that of the overall tumor populations. Similar to
managing cutaneous toxicity, the first step in dealing with ICI-
related gastrointestinal toxicity is identifying the cause of diarrhea
and colitis including underlying diseases or medications that induce
diarrhea, such as lactulose. Generally, colonoscopy still remains the
gold diagnostic standard of gastrointestinal toxicity and contributes
to severity assessment grading. As for the treatments, once
gastrointestinal toxicity is identified, severity grading should be
assessed by symptoms or colonoscopy first. For diarrhea of grade
1, no special treatment is needed except strengthening monitoring,
and ICI treatment can be continued. Symptomatic treatments, such
as parenteral administration of fluids and electrolytes, are
warranted. Oral corticosteroids at a dose of 0.5–1 mg/kg should
be given if diarrhea or colitis of grade 2 persisted for over 3 days, and
intravenous corticosteroids are needed for gastrointestinal toxicity
of grade 3 or higher. Meanwhile, ICI treatments should be
terminated when patients are diagnosed with diarrhea or colitis
of grade 2–3, and ICI treatment should be terminated permanently
when gastrointestinal toxicity of grade 4 is identified.

Since patients with advanced HCC are usually diagnosed with
underlying chronic liver diseases or liver dysfunction,
hepatotoxicity, which always manifests as hepatitis or elevations
of liver enzymes after ICI treatments, is a relatively frequent irAE.
Compared with other types of tumors, including melanoma and
NSCLC, a higher proportion of liver enzyme increase occurred after
ICI treatment in HCC (Vogl et al., 2011; Brown et al., 2017; Lleo
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et al., 2019; De Martin et al., 2020). Elevations of liver enzymes were
found in 13% of patients receiving pembrolizumab in the trial
“KEYNOTE-224” and 16% of patients receiving nivolumab plus
ipilimumab in the trial “CheckMate 040” (Zhu et al., 2018; Yau et al.,
2020). Patients after ICI treatments should undergo regular liver
function examinations as the hepatitis or liver dysfunction tend to be
asymptomatic and progress rapidly to liver failure at later stages.
Hepatotoxicity commonly occurs at 4–12 weeks after the initial ICI
treatment. For patients with ICI-related hepatotoxicity, steroid
therapy is not necessarily required, and ICIs can be continued or
delayed if patients were identified with asymptomatic liver enzyme
elevation or irAEs of grade 1–2. As for patients with hepatotoxicity
of grade ≥3, the level of liver enzymes mostly returns to normal after
timely steroid therapy, and ICI can be reintroduced when the level of
aminotransferases declines or returns to baseline levels (De Martin
et al., 2018).

Thyroiditis related to ICI treatment is generally assumed as the
main etiology of thyroid dysfunction, which is the most commonly
observed endocrine gland irAE (Muir et al., 2021). The symptoms of
thyroid dysfunction vary, including hyperthyroidism and
hypothyroidism, of which hypothyroidism accounts for the
majority. The diagnosis of thyroid dysfunction is mainly based
on the comparison of thyroid hormone levels before and after
ICI treatment (Illouz et al., 2018). The incidence of thyroid
dysfunction varies due to the different types of ICIs. It was
reported in a phase III clinical trial that the incidence of
hypothyroidism was 13.0% in advanced HCC patients after
receiving a PD-1 inhibitor and 22.2% after receiving a
combination of PD-1 inhibitor and CTLA-4 (ipilimumab)
(Morganstein et al., 2017). Meanwhile, the general thyroid
dysfunction rate was 29% after ipilimumab treatment, 18% after
PD-1 treatment, and 50% after receiving the combination
(Morganstein et al., 2017). It is worth mentioning that a
considerable number of patients who develop hypothyroidism
have a temporary symptom of hyperthyroid at the initial phase,
which highlights the importance of timely recognition and careful
nursing to avoid medical negligence. Unfortunately, the
pathogenesis of developing ICI-related thyroiditis still remains
unknown. According to a previous study conducted by Muir
et al. (2021), female individuals, younger patients, and those who
undergo combination of PD-1 and CTLA-4 inhibitors have higher
possibilities of developing thyroiditis. For HCC patients undergoing
ICI treatments, screening for thyroid-stimulating hormone and
thyroxine regularly is necessary, which allows doctors to diagnose
thyroid dysfunction when the patient is still asymptomatic. In
general, hypothyroidism related to ICI does not lead to the
termination of treatment, and an incremental thyroid
replacement therapy at a dose of 25–50 μg is adequate for

treating symptomatic hypothyroidism (Sangro et al., 2013). For
patients developing hyperthyroidism after ICI treatment,
consultation with an endocrinologist is recommended and the
heart rate should be maintained below 90 bpm (Sangro et al., 2013).

Summary

The establishment of immunotherapy has reshaped the
treatment paradigm for advanced HCC in the past decades, and
more immune checkpoints, as well as the combination therapies, are
being studied further. Although related to a wide range of irAEs,
immunotherapy remains the key point of future research, with the
hope of overcoming cancer.

Author contributions

L-YS: ideas, formulation or evolution of overarching research
goals and aims, preparation, and writing the initial draft; K-JZ:
critical review and commentary or revision; Y-MX: ideas, creation
and/or presentation of the published work, and writing the initial
draft; J-WL and Z-QX: critical review, commentary or revision, and
mentorship external to the core team.

Funding

This work was supported by the funding from the
“2021 Zhejiang Traditional Chinese Medicine Scientific Research
Foundation Project (Class A): 2021ZA125” for J-WL.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

References

Al-Salama, Z. T., Syed, Y. Y., and Scott, L. J. (2019). Lenvatinib: A review in
hepatocellular carcinoma. Drugs 79 (6), 665–674. doi:10.1007/s40265-019-01116-x

Amin, A., and Hammers, H. (2018). The evolving landscape of immunotherapy-
based combinations for frontline treatment of advanced renal cell carcinoma. Front.
Immunol. 9, 3120. doi:10.3389/fimmu.2018.03120

Antonella, C., Valentina, Z., Antonio, D., Tiziana, P., Nicola, P., and Lorenza, R.
(2022). Cabozantinib plus atezolizumab for the treatment of advanced
hepatocellular carcinoma: Shedding light on the preclinical rationale and

clinical trials. EXPERT Opin. INVESTIGATIONAL DRUGS 31 (4), 401–413.
doi:10.1080/13543784.2022.2032641

Barroso-Sousa, R., Barry, W. T., Garrido-Castro, A. C., Hodi, F. S., Min, L., Krop, I. E.,
et al. (2018). Incidence of endocrine dysfunction following the use of different immune
checkpoint inhibitor regimens: A systematic review and meta-analysis. JAMA Oncol. 4
(2), 173–182. doi:10.1001/jamaoncol.2017.3064

Bertrand, A., Kostine, M., Barnetche, T., Truchetet, M. E., and Schaeverbeke, T.
(2015). Immune related adverse events associated with anti-CTLA-4 antibodies:

Frontiers in Pharmacology frontiersin.org07

Sun et al. 10.3389/fphar.2023.1138493

https://doi.org/10.1007/s40265-019-01116-x
https://doi.org/10.3389/fimmu.2018.03120
https://doi.org/10.1080/13543784.2022.2032641
https://doi.org/10.1001/jamaoncol.2017.3064
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1138493


Systematic review and meta-analysis. BMC Med. 13, 211. doi:10.1186/s12916-015-
0455-8

Brahmer, J. R., Drake, C. G., Wollner, I., Powderly, J. D., Picus, J., Sharfman, W. H.,
et al. (2010). Phase I study of single-agent anti-programmed death-1 (MDX-1106) in
refractory solid tumors: Safety, clinical activity, pharmacodynamics, and immunologic
correlates. J. Clin. Oncol. 28 (19), 3167–3175. doi:10.1200/JCO.2009.26.7609

Brahmer, J. R., Lacchetti, C., Schneider, B. J., Atkins, M. B., Brassil, K. J., Caterino,
J. M., et al. (2018). Management of immune-related adverse events in patients treated
with immune checkpoint inhibitor therapy: American society of clinical oncology
clinical practice guideline. J. Clin. Oncol. 36 (17), 1714–1768. doi:10.1200/JCO.2017.77.
6385

Brahmer, J. R., Tykodi, S. S., Chow, L. Q., Hwu, W. J., Topalian, S. L., Hwu, P., et al.
(2012). Safety and activity of anti-PD-L1 antibody in patients with advanced cancer. N.
Engl. J. Med. 366 (26), 2455–2465. doi:10.1056/NEJMoa1200694

Brown, Z. J., Heinrich, B., Steinberg, S. M., Yu, S. J., and Greten, T. F. (2017). Safety in
treatment of hepatocellular carcinoma with immune checkpoint inhibitors as compared
to melanoma and non-small cell lung cancer. J. Immunother. Cancer 5 (1), 93. doi:10.
1186/s40425-017-0298-2

Chen, D. S., and Mellman, I. (2013). Oncology meets immunology: The cancer-
immunity cycle. Immunity 39, 1–10. doi:10.1016/j.immuni.2013.07.012

Chiew Woon, L., Joycelyn Jie Xin, L., and Su Pin, C. (2020). Nivolumab for the
treatment of hepatocellular carcinoma. Expert Opin. Biol. Ther. 20 (7), 687–693. doi:10.
1080/14712598.2020.1749593

DeMartin, E., Michot, J. M., Papouin, B., Champiat, S., Mateus, C., Lambotte, O., et al.
(2018). Characterization of liver injury induced by cancer immunotherapy using
immune checkpoint inhibitors. J. Hepatol. 68 (6), 1181–1190. doi:10.1016/j.jhep.
2018.01.033

De Martin, E., Michot, J. M., Rosmorduc, O., Guettier, C., and Samuel, D. (2020).
Liver toxicity as a limiting factor to the increasing use of immune checkpoint inhibitors.
JHEP Rep. 2, 100170. doi:10.1016/j.jhepr.2020.100170

El-Khoueiry, A. B., Sangro, B., Yau, T., Crocenzi, T. S., Kudo, M., Hsu, C., et al. (2017).
Nivolumab in patients with advanced hepatocellular carcinoma (CheckMate 040): An
open-label, non-comparative, phase 1/2 dose escalation and expansion trial. Lancet 389
(10088), 2492–2502. doi:10.1016/S0140-6736(17)31046-2

Finn, R. S., Ikeda, M., Zhu, A. X., Sung, M. W., Baron, A. D., Kudo, M., et al. (2020a).
Phase ib study of lenvatinib plus pembrolizumab in patients with unresectable
hepatocellular carcinoma. J. Clin. Oncol. 38 (26), 2960–2970. doi:10.1200/JCO.20.00808

Finn, R. S., Qin, S., Ikeda, M., Galle, P. R., Ducreux, M., Kim, T. Y., et al. (2020b).
Atezolizumab plus bevacizumab in unresectable hepatocellular carcinoma. N. Engl.
J. Med. 382 (20), 1894–1905. doi:10.1056/NEJMoa1915745

Finn, R. S., Ryoo, B. Y., Merle, P., Kudo, M., Bouattour, M., Lim, H. Y., et al. (2020c).
Pembrolizumab as second-line therapy in patients with advanced hepatocellular
carcinoma in KEYNOTE-240: A randomized, double-blind, phase III trial. J. Clin.
Oncol. 38 (3), 193–202. doi:10.1200/JCO.19.01307

Fulgenzi, C., Talbot, T., Murray, S. M., Silletta, M., Vincenzi, B., Cortellini, A., et al.
(2021). Immunotherapy in hepatocellular carcinoma. Curr. Treat. Options Oncol. 22, 87.
doi:10.1007/s11864-021-00886-5

Greten, T. F., Abou-Alfa, G. K., Cheng, A. L., Duffy, A. G., El-Khoueiry, A. B., Finn, R.
S., et al. (2021). Society for Immunotherapy of Cancer (SITC) clinical practice guideline
on immunotherapy for the treatment of hepatocellular carcinoma. J. Immunother.
Cancer 9 (9), e002794. doi:10.1136/jitc-2021-002794

Herbst, R. S., Giaccone, G., de Marinis, F., Reinmuth, N., Vergnenegre, A., Barrios, C.
H., et al. (2020). Atezolizumab for first-line treatment of PD-L1-selected patients with
NSCLC. N. Engl. J. Med. 383 (14), 1328–1339. doi:10.1056/NEJMoa1917346

Hodi, F. S., O’Day, S. J., McDermott, D. F., Weber, R. W., Sosman, J. A., Haanen, J. B.,
et al. (2010). Improved survival with ipilimumab in patients with metastatic melanoma.
N. Engl. J. Med. 363 (8), 711–723. doi:10.1056/NEJMoa1003466

Huang, S. L., Wang, Y. M., Wang, Q. Y., Feng, G. G., Wu, F. Q., Yang, L. M., et al.
(2021). Mechanisms and clinical trials of hepatocellular carcinoma immunotherapy.
Front. Genet. 12, 691391. doi:10.3389/fgene.2021.691391

Illouz, F., Drui, D., Caron, P., and Do Cao, C. (2018). Expert opinion on thyroid
complications in immunotherapy. Ann. Endocrinol. Paris. 79, 555–561. doi:10.1016/j.
ando.2018.07.007

Kelley, R. K., Rimassa, L., Cheng, A. L., Kaseb, A., Qin, S., Zhu, A. X., et al. (2022).
Cabozantinib plus atezolizumab versus sorafenib for advanced hepatocellular
carcinoma (COSMIC-312): A multicentre, open-label, randomised, phase 3 trial.
Lancet Oncol. 23 (8), 995–1008. doi:10.1016/S1470-2045(22)00326-6

Khoja, L., Day, D., Wei-Wu Chen, T., Siu, L. L., and Hansen, A. R. (2017). Tumour-
and class-specific patterns of immune-related adverse events of immune checkpoint
inhibitors: A systematic review. Ann. Oncol. 28 (10), 2377–2385. doi:10.1093/annonc/
mdx286

Kurimoto, C., Inaba, H., Ariyasu, H., Iwakura, H., Ueda, Y., Uraki, S., et al. (2020).
Predictive and sensitive biomarkers for thyroid dysfunctions during treatment with
immune-checkpoint inhibitors. Cancer Sci. 111 (5), 1468–1477. doi:10.1111/cas.14363

Larkin, J., Chiarion-Sileni, V., Gonzalez, R., Grob, J. J., Cowey, C. L., Lao, C. D., et al.
(2015). Combined nivolumab and ipilimumab or monotherapy in untreated melanoma.
N. Engl. J. Med. 373 (1), 23–34. doi:10.1056/NEJMoa1504030

Lisi, L., Lacal, P. M., Martire, M., Navarra, P., and Graziani, G. (2022). Clinical
experience with CTLA-4 blockade for cancer immunotherapy: From the monospecific
monoclonal antibody ipilimumab to probodies and bispecific molecules targeting the
tumor microenvironment. Pharmacol. Res. 175, 105997. doi:10.1016/j.phrs.2021.
105997

Lleo, A., Rimassa, L., and Colombo, M. (2019). Hepatotoxicity of immune check point
inhibitors: Approach and management. Dig. Liver Dis. 51 (8), 1074–1078. doi:10.1016/j.
dld.2019.06.017

Llovet, J. M., Ricci, S., Mazzaferro, V., Hilgard, P., Gane, E., Blanc, J. F., et al. (2008).
Sorafenib in advanced hepatocellular carcinoma. N. Engl. J. Med. 359 (4), 378–390.
doi:10.1056/NEJMoa0708857

Llovet, J. M., Kelley, R. K., Villanueva, A., Singal, A. G., Pikarsky, E., Roayaie, S., et al.
(2021b). Hepatocellular carcinoma. Nat. Rev. Dis. Prim. 7 (1), 6. doi:10.1038/s41572-
020-00240-3

Llovet, J. M., Montal, R., Sia, D., and Finn, R. S. (2018). Molecular therapies and
precision medicine for hepatocellular carcinoma. Nat. Rev. Clin. Oncol. 15, 599–616.
doi:10.1038/s41571-018-0073-4

Llovet, J. M., Villanueva, A., Marrero, J. A., Schwartz, M., Meyer, T., Galle, P. R., et al.
(2021a). Trial design and endpoints in hepatocellular carcinoma: AASLD consensus
conference. Hepatology 73 (1), 158–191. doi:10.1002/hep.31327

Man, S., Luo, C., Yan, M., Zhao, G., Ma, L., and Gao, W. (2021). Treatment for liver
cancer: From sorafenib to natural products. Eur. J. Med. Chem. 224, 113690. doi:10.
1016/j.ejmech.2021.113690

Mazieres, J., Drilon, A., Lusque, A., Mezquita, L., et al. (2019). Immune checkpoint
inhibitors for patients with advanced lung cancer and oncogenic driver alterations:
Results from the IMMUNOTARGET registry. Ann. Oncol. 30 (8), 1321–1328. doi:10.
1093/annonc/mdz167

Mitchell, K. A., Kluger, H., Sznol, M., and Hartman, D. J. (2013). Ipilimumab-induced
perforating colitis. J. Clin. Gastroenterol. 47 (9), 781–785. doi:10.1097/MCG.
0b013e31828f1d51

Morganstein, D. L., Lai, Z., Spain, L., Diem, S., Levine, D., Mace, C., et al. (2017).
Thyroid abnormalities following the use of cytotoxic T-lymphocyte antigen-4 and
programmed death receptor protein-1 inhibitors in the treatment of melanoma. Clin.
Endocrinol. (Oxf) 86, 614–620. doi:10.1111/cen.13297

Muir, C. A., Clifton-Bligh, R. J., Long, G. V., Scolyer, R. A., Lo, S. N., Carlino, M. S., et al.
(2021). Thyroid immune-related adverse events following immune checkpoint inhibitor
treatment. J. Clin. Endocrinol. Metab. 106, e3704–e3713. doi:10.1210/clinem/dgab263

Nielsen, D. L., Juhl, C. B., Chen, I. M., Kellermann, L., and Nielsen, O. H. (2022).
Immune checkpoint inhibitor-induced diarrhea and colitis: Incidence and
management. A systematic review and meta-analysis. Cancer Treat. Rev. 109,
102440. doi:10.1016/j.ctrv.2022.102440

Pardoll, D. M. (2012). The blockade of immune checkpoints in cancer
immunotherapy. Nat. Rev. Cancer 12 (4), 252–264. doi:10.1038/nrc3239

Pinato, D. J., Cortellini, A., Sukumaran, A., Cole, T., Pai, M., Habib, N., et al. (2021b).
PRIME-HCC: Phase ib study of neoadjuvant ipilimumab and nivolumab prior to liver
resection for hepatocellular carcinoma. BMC Cancer 21 (1), 301. doi:10.1186/s12885-
021-08033-x

Pinato, D. J., Marron, T. U., Mishra-Kalyani, P. S., Gong, Y., Wei, G., Szafron, D., et al.
(2021a). Treatment-related toxicity and improved outcome from immunotherapy in
hepatocellular cancer: Evidence from an FDA pooled analysis of landmark clinical trials
with validation from routine practice. Eur. J. cancer 157, 140–152. doi:10.1016/j.ejca.
2021.08.020

Rowshanravan, B., Halliday, N., and Sansom, D. M. (2018). CTLA-4: A moving target
in immunotherapy. Blood 131, 58–67. doi:10.1182/blood-2017-06-741033

Sangro, B., Chan, S. L., Meyer, T., Reig, M., El-Khoueiry, A., and Galle, P. R. (2020).
Diagnosis and management of toxicities of immune checkpoint inhibitors in
hepatocellular carcinoma. J. Hepatol. 72 (2), 320–341. doi:10.1016/j.jhep.2019.10.021

Sangro, B., Gomez-Martin, C., de la Mata, M., Inarrairaegui, M., Garralda, E., Barrera,
P., et al. (2013). A clinical trial of CTLA-4 blockade with tremelimumab in patients with
hepatocellular carcinoma and chronic hepatitis C. J. Hepatol. 59 (1), 81–88. doi:10.1016/
j.jhep.2013.02.022

Sangro, B., Sarobe, P., Hervás-Stubbs, S., and Melero, I. (2021). Advances in
immunotherapy for hepatocellular carcinoma. Nat. Rev. Gastroenterol. Hepatol. 18
(8), 525–543. doi:10.1038/s41575-021-00438-0

Sharma, P., and Allison, J. P. (2015). Immune checkpoint targeting in cancer therapy:
Toward combination strategies with curative potential. Cell 161, 205–214. doi:10.1016/j.
cell.2015.03.030

Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., et al.
(2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 71 (3), 209–249. doi:10.
3322/caac.21660

Frontiers in Pharmacology frontiersin.org08

Sun et al. 10.3389/fphar.2023.1138493

https://doi.org/10.1186/s12916-015-0455-8
https://doi.org/10.1186/s12916-015-0455-8
https://doi.org/10.1200/JCO.2009.26.7609
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1200/JCO.2017.77.6385
https://doi.org/10.1056/NEJMoa1200694
https://doi.org/10.1186/s40425-017-0298-2
https://doi.org/10.1186/s40425-017-0298-2
https://doi.org/10.1016/j.immuni.2013.07.012
https://doi.org/10.1080/14712598.2020.1749593
https://doi.org/10.1080/14712598.2020.1749593
https://doi.org/10.1016/j.jhep.2018.01.033
https://doi.org/10.1016/j.jhep.2018.01.033
https://doi.org/10.1016/j.jhepr.2020.100170
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1200/JCO.20.00808
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1200/JCO.19.01307
https://doi.org/10.1007/s11864-021-00886-5
https://doi.org/10.1136/jitc-2021-002794
https://doi.org/10.1056/NEJMoa1917346
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.3389/fgene.2021.691391
https://doi.org/10.1016/j.ando.2018.07.007
https://doi.org/10.1016/j.ando.2018.07.007
https://doi.org/10.1016/S1470-2045(22)00326-6
https://doi.org/10.1093/annonc/mdx286
https://doi.org/10.1093/annonc/mdx286
https://doi.org/10.1111/cas.14363
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1016/j.phrs.2021.105997
https://doi.org/10.1016/j.phrs.2021.105997
https://doi.org/10.1016/j.dld.2019.06.017
https://doi.org/10.1016/j.dld.2019.06.017
https://doi.org/10.1056/NEJMoa0708857
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1038/s41572-020-00240-3
https://doi.org/10.1038/s41571-018-0073-4
https://doi.org/10.1002/hep.31327
https://doi.org/10.1016/j.ejmech.2021.113690
https://doi.org/10.1016/j.ejmech.2021.113690
https://doi.org/10.1093/annonc/mdz167
https://doi.org/10.1093/annonc/mdz167
https://doi.org/10.1097/MCG.0b013e31828f1d51
https://doi.org/10.1097/MCG.0b013e31828f1d51
https://doi.org/10.1111/cen.13297
https://doi.org/10.1210/clinem/dgab263
https://doi.org/10.1016/j.ctrv.2022.102440
https://doi.org/10.1038/nrc3239
https://doi.org/10.1186/s12885-021-08033-x
https://doi.org/10.1186/s12885-021-08033-x
https://doi.org/10.1016/j.ejca.2021.08.020
https://doi.org/10.1016/j.ejca.2021.08.020
https://doi.org/10.1182/blood-2017-06-741033
https://doi.org/10.1016/j.jhep.2019.10.021
https://doi.org/10.1016/j.jhep.2013.02.022
https://doi.org/10.1016/j.jhep.2013.02.022
https://doi.org/10.1038/s41575-021-00438-0
https://doi.org/10.1016/j.cell.2015.03.030
https://doi.org/10.1016/j.cell.2015.03.030
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1138493


Topalian, S. L., Hodi, F. S., Brahmer, J. R., Gettinger, S. N., Smith, D. C., McDermott,
D. F., et al. (2012). Safety, activity, and immune correlates of anti-PD-1 antibody in
cancer. N. Engl. J. Med. 366 (26), 2443–2454. doi:10.1056/NEJMoa1200690

Villanueva, A. (2019). Hepatocellular carcinoma. N. Engl. J. Med. 380 (15),
1450–1462. doi:10.1056/NEJMra1713263

Vogl, T. J., Lammer, J., Lencioni, R., Malagari, K., Watkinson, A., Pilleul, F., et al.
(2011). Liver, gastrointestinal, and cardiac toxicity in intermediate hepatocellular
carcinoma treated with PRECISION TACE with drug-eluting beads: Results from
the PRECISION V randomized trial. AJR. Am. J. Roentgenol. 197, W562–W570. doi:10.
2214/AJR.10.4379

Wang, D. Y., Salem, J. E., Cohen, J. V., Chandra, S., Menzer, C., Ye, F., et al. (2018).
Fatal toxic effects associated with immune checkpoint inhibitors: A systematic review
and meta-analysis. JAMA Oncol. 4 (12), 1721–1728. doi:10.1001/jamaoncol.2018.3923

Wang, Y., Zhou, S., Yang, F., Qi, X., Wang, X., Guan, X., et al. (2019). Treatment-related
adverse events of PD-1 and PD-L1 inhibitors in clinical trials: A systematic review and meta-
analysis. JAMA Oncol. 5 (7), 1008–1019. doi:10.1001/jamaoncol.2019.0393

Wherry, E. J. (2011). T cell exhaustion. Nat. Immunol. 12 (6), 492–499. doi:10.1038/
ni.2035

Wong, C. H., Wong, C. S., and Chan, S. L. (2015). Targeting angiogenic genes as a
therapeutic approach for hepatocellular carcinoma. Curr. Gene Ther. 15 (2), 97–108.
doi:10.2174/1566523214666141224094648

Wu, Z., Lai, L., Li, M., Zhang, L., and Zhang, W. (2017). Acute liver failure caused by
pembrolizumab in a patient with pulmonary metastatic liver cancer: A case report.Med.
Baltim. 96 (51), e9431. doi:10.1097/MD.0000000000009431

Xu, F., Jin, T., Zhu, Y., and Dai, C. (2018). Immune checkpoint therapy in liver cancer.
J. Exp. Clin. Cancer Res. 37, 110. doi:10.1186/s13046-018-0777-4

Yau, T., Kang, Y. K., Kim, T. Y., El-Khoueiry, A. B., Santoro, A., Sangro, B., et al.
(2020). Efficacy and safety of nivolumab plus ipilimumab in patients with advanced

hepatocellular carcinoma previously treated with sorafenib: The CheckMate
040 randomized clinical trial. JAMA Oncol. 6 (11), e204564. doi:10.1001/jamaoncol.
2020.4564

Yau, T., Park, J. W., Finn, R. S., Cheng, A. L., Mathurin, P., Edeline, J., et al. (2022).
Nivolumab versus sorafenib in advanced hepatocellular carcinoma (CheckMate 459): A
randomised, multicentre, open-label, phase 3 trial. Lancet Oncol. 23 (1), 77–90. doi:10.
1016/S1470-2045(21)00604-5

Younossi, Z., Anstee, Q.M., Marietti, M., Hardy, T., Henry, L., Eslam,M., et al. (2018).
Global burden of NAFLD and NASH: Trends, predictions, risk factors and prevention.
Nat. Rev. Gastroenterol. Hepatol. 15 (1), 11–20. doi:10.1038/nrgastro.2017.109

Zhang, Y., Du, X., Liu, M., Tang, F., Zhang, P., Ai, C., et al. (2019). Hijacking
antibody-induced CTLA-4 lysosomal degradation for safer and more effective cancer
immunotherapy. Cell Res. 29 (8), 609–627. doi:10.1038/s41422-019-0184-1

Zhou, X., Yao, Z., Bai, H., Duan, J., Wang, Z., Wang, X., et al. (2021). Treatment-
related adverse events of PD-1 and PD-L1 inhibitor-based combination therapies in
clinical trials: A systematic review and meta-analysis. Lancet Oncol. 22 (9), 1265–1274.
doi:10.1016/S1470-2045(21)00333-8

Zhu, A. X., Finn, R. S., Edeline, J., Cattan, S., Ogasawara, S., Palmer, D., et al. (2018).
Pembrolizumab in patients with advanced hepatocellular carcinoma previously treated
with sorafenib (KEYNOTE-224): A non-randomised, open-label phase 2 trial. Lancet
Oncol. 19 (7), 940–952. doi:10.1016/S1470-2045(18)30351-6

Zitvogel, L., Ayyoub, M., Routy, B., and Kroemer, G. (2016a). Microbiome and
anticancer immunosurveillance. Cell 165 (2), 276–287. doi:10.1016/j.cell.2016.03.001

Zitvogel, L., Pitt, J. M., Daillère, R., Smyth, M. J., and Kroemer, G. (2016b). Mouse
models in oncoimmunology. Nat. Rev. Cancer 16 (12), 759–773. doi:10.1038/nrc.
2016.91

Zongyi, Y., and Xiaowu, L. (2020). Immunotherapy for hepatocellular carcinoma.
Cancer Lett. 470, 8–17. doi:10.1016/j.canlet.2019.12.002

Frontiers in Pharmacology frontiersin.org09

Sun et al. 10.3389/fphar.2023.1138493

https://doi.org/10.1056/NEJMoa1200690
https://doi.org/10.1056/NEJMra1713263
https://doi.org/10.2214/AJR.10.4379
https://doi.org/10.2214/AJR.10.4379
https://doi.org/10.1001/jamaoncol.2018.3923
https://doi.org/10.1001/jamaoncol.2019.0393
https://doi.org/10.1038/ni.2035
https://doi.org/10.1038/ni.2035
https://doi.org/10.2174/1566523214666141224094648
https://doi.org/10.1097/MD.0000000000009431
https://doi.org/10.1186/s13046-018-0777-4
https://doi.org/10.1001/jamaoncol.2020.4564
https://doi.org/10.1001/jamaoncol.2020.4564
https://doi.org/10.1016/S1470-2045(21)00604-5
https://doi.org/10.1016/S1470-2045(21)00604-5
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1038/s41422-019-0184-1
https://doi.org/10.1016/S1470-2045(21)00333-8
https://doi.org/10.1016/S1470-2045(18)30351-6
https://doi.org/10.1016/j.cell.2016.03.001
https://doi.org/10.1038/nrc.2016.91
https://doi.org/10.1038/nrc.2016.91
https://doi.org/10.1016/j.canlet.2019.12.002
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2023.1138493

	Immunotherapies for advanced hepatocellular carcinoma
	Introduction
	Mechanisms of immunotherapy
	PD-1/PD-L1 inhibitors
	CTLA-4 inhibitors
	Exploration of ICI combinations
	Ongoing clinical trials
	Adverse events after ICI treatments
	Summary
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


