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In recent years, cancer immunotherapy has made remarkable achievements.

Immune checkpoint inhibitors (ICIs) have been used successfully in several

types of cancer in the past decade. However, expanded indication and

increased use of Immune checkpoint inhibitors have resulted in increased

reports of toxicity called immune-related adverse events (irAEs). Due to the

unique immunological characteristics of the liver, a hepatic immune-related

adverse events has also been reported, which is usually termed Immune-

mediated hepatitis (IMH). So far, it is generally considered that the

mechanism of IMH induced by Immune checkpoint inhibitors is mainly the

overactivation of T cells. It has been reported that the incidence of IMH ranges

from 1% to 15%. Because of the lack of specificmarkers, a diagnosis of exclusion

of IMH is critical. Although most IMH is mild and recoverable, several death

cases have been reported, which has been increasingly concerned. This review

summarizes the current understanding of the pathophysiology, epidemiology,

diagnosis, management and prognosis of IMH caused by Immune checkpoint

inhibitors. It also discusses the controversial issues in IMH, such as the role of

liver biopsy, grading criteria, risk factors, rational treatment strategies with

steroids, and the timing of Immune checkpoint inhibitors rechallenging,

which may provide helpful information for IMH in future clinical practice.
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Introduction

In the past decade, immune checkpoint inhibitors (ICIs) have developed rapidly in the

application of advanced malignancies (Bagchi et al., 2021). According to the targets of immune

checkpoint molecules which act as negative regulators of T cells function in cancer

immunological process, there are three main types of ICIs so far: cytotoxic T-lymphocyte-

associated protein 4 (CTLA-4), programmed cell death protein 1 (PD-1) and programmed

death-ligand 1 (PD-L1) (Qin et al., 2019; Kotanides et al., 2020). ICIs, themonoclonal antibodies

of these molecules, have been exploited to block these immune checkpoint molecules, enhance
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T cells function and finally recover anti-tumor activity in the host.

Since aCTLA-4 inhibitor, ipilimumab, has been approved byAmerica

food and drug administration against advanced-stage melanoma in

2011 (Hodi et al., 2010), ICIs have become a hotspot and have

revoluted treatments of various cancers (Table 1).

However, with the wide application of ICIs, several unexpected

immunological and inflammatory events, termed immune-related

adverse events (irAEs), have been reported (Michot et al., 2016). It

has been demonstrated that irAEs result from overactive immune

response, which can affect almost any organ, especially skin, liver,

endocrine and gastrointestinal tract (Regev et al., 2020). As an

essential organ of drug metabolism, liver is one of the frequently

affected organs in cancer immunotherapy and its injury caused by

ICIs is usually termed immune-mediated hepatitis (IMH). It has

been reported that IMH is the third most frequent adverse event

(5%–10%), after dermatologic toxicity (44%–68%) and

gastrointestinal adverse reactions (35%–50%) (Kroner et al.,

2019). In recent years, the incidence of IMH has increased.

Although most IMH cases are mild, there is a risk of acute liver

failure and even death if the diagnosis or management is not

properly (Vozy et al., 2019; Yamamoto et al., 2021), especially in

hepatocellular carcinoma (HCC) patients on a background of

chronic liver diseases. Furthermore, inappropriate interventions

of IMH may cause the failure of cancer immunotherapy.

Therefore, IMH has become an increasing concern and a large

amount of clinical data has accumulated.

This review aims to discuss the pathophysiology,

epidemiology, diagnosis, management and prognosis of IMH

caused by ICIs and provide references for the clinical application

of ICIs.

Underlying mechanisms of IMH

The critical step for ICIs in cancer immunotherapy is the

activation of T cells. As mentioned above, CTLA-4, PD-1 and

TABLE 1 Immune checkpoint inhibitors and their indications.

Target Drug name Indications Time to
market

CTLA-4 Ipilimumab (Yervoy)a,b Melanoma, advanced RCC, MSI-H or dMMR CRC, HCC, metastatic NSCLC, MPM, esophageal cancer 2011

PD-1 Nivolumab (Opdivo)a,b Melanoma, NSCLC, MPM, advanced RCC, classical hodgkin lymphoma, HNSCC, urothelial carcinoma,
MSI-H or dMMR CRC, HCC, esophageal cancer, gastric cancer, gastroesophageal junction cancer, and
esophageal adenocarcinoma

2014

PD-1 Pembrolizumab
(Keytruda)a,b

Melanoma, NSCLC, HNSCC, classical hodgkin lymphoma, PMBCL, urothelial carcinoma, MSI-H or
dMMRCRC, gastric cancer, esophageal cancer, cervical cancer, HCC, MCC, RCC, endometrial carcinoma,
TMB-H solid tumors, cutaneous squamous cell carcinoma, TNBC

2014

PD-L1 Atezolizumab
(Tecentriq)a,b

Locally advanced or metastatic urothelial carcinoma, metastatic NSCLC, SCLC, HCC, melanoma 2016

PD-L1 Avelumab (Bavencio)a Metastatic MCC, locally advanced or metastatic urothelial carcinoma, advanced RCC 2017

PD-L1 Durvalumab (Imfinzi)a,b NSCLC, SCLC 2017

PD-1 Toripalimabb Melanoma, metastatic nasopharyngeal carcinoma, metastatic urothelial carcinoma 2018

PD-1 Sintilimabb Classical hodgkin lymphoma, NSCLC, HCC 2018

PD-1 Cemiplimab (Libtayo)a Cutaneous squamous cell carcinoma, basal cell carcinoma, NSCLC 2018

PD-1 Camrelizumabb Classical hodgkin lymphoma, advanced HCC, advanced or metastatic esophageal squamous carcinoma,
nasopharyngeal carcinoma

2019

PD-1 Tislelizumabb Classical hodgkin lymphoma, metastatic urothelial carcinoma, metastatic NSCLC, HCC, esophageal
squamous carcinoma

2019

PD-1 Penpulimabb Classical hodgkin lymphoma 2021

PD-1 Zimberelimabb Classical hodgkin lymphoma 2021

PD-L1 Envafolimabb MSI-H or dMMR CRC 2021

PD-L1 Sugemalimab (Cejemly)b NSCLC 2021

aApproved by U.S. Food and Drug Adminstration.
bApproved by National Medical Products Administration (China).

CTLA-4, cytotoxic T-lymphocyte associated protein four; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; RCC, renal cell carcinoma; MSI-H, microsatellite

instability-high; dMMR, deficient mismatch repair; CRC, colorectal cancer; HCC, hepatocellular carcinoma; NSCLC, non-small cell lung cancer; MPM, malignant pleural mesothelioma;

HNSCC, head and neck squamous cell cancer; SCLC, small Cell Lung Cancer; PMBCL, primary mediastinal large B-cell lymphoma; MCC, merkel cell carcinoma; TMB-H, tumor

mutational burden-high; TNBC, triple-negative breast cancer.
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PD-L1 are three current ICIs targets. However, the mechanisms of

these ICIs are different. It has been demonstrated that the CTLA-4

inhibitors play a role in the initial phase, while PD-1 and PD-L1

inhibitors are involved in the effector phase (Buchbinder and Desai,

2016). In the initial stage, CTLA-4 on T cells competitively binds

with CD28 to B7-1 and B7-2 on antigen presenting cells (APCs),

inhibiting the activation of T cells (Figure 1A). CTLA-4 inhibitors

can enhance T cell activation by binding to CTLA-4 and increasing

CD28 and B7 costimulatory signals (Yang et al., 2020). In the

effector phase, binding of PD-1 on T cells and PD-L1 on tumor cells

inhibits T cells activation and allows tumor cells to evade immune

surveillance (Figure 1B). Similar to CTLA-4 inhibitors, PD-1/PD-

L1 inhibitors can block this binding and enhance the anti-tumor

effect of T cells (Peeraphatdit et al., 2020).

To date, the mechanism of IMH caused by ICIs has not been

fully elucidated. However, the unique immunological features of the

liver are crucial to the pathogenesis of IMH. Portal circulation

connects the liver to the intestines, thus making the liver the first site

to detoxify the blood entering the portal circulation and to process

many antigen exposures. Therefore, the liver has evolved specific

immunemechanisms to protect the organism from pathogens while

maintaining a state of immunotolerance to harmless antigens from

the intestine (Crispe, 2014). As one of the key mechanisms of liver

immunotolerance, PD-L1 expressed on hepatic non-parenchymal

cells including hepatic stellate cells, Kupffer cells and dendritic cells,

together with CTLA-4 expressed on CD4+ Treg cells, protect the

liver from autoimmune responses to antigens by downregulating

effector T cells (Makarova-Rusher et al., 2015). However, due to the

use of ICIs blocking these key modulatory pathways, T cells may be

overactive and the immune tolerance of the liver can be broken,

making it susceptible to acute inflammatory response, which further

induces hepatitis (Gudd and Possamai, 2022).

Current evidence suggests several primarymechanisms of IMH:

Firstly, expansion of T helper cells in ICIs therapy such as Th1 and

Th17 cells increase the levels of proinflammatory cytokines (IL-2,

IFN-γ, TNF) production, which can go on to activate cytotoxic T

lymphocytes (Figure 1C), as well as innate immune cells such as

macrophages and natural killer cells (Gudd et al., 2021). Secondly,

ICIs induce the activation of monocytes and lead to formation of an

inflammatory environment related to IMH (Figure 1D) (Gudd et al.,

2021). Thirdly, reduction of regulatory T cells (Treg) caused by ICIs

can reduce anti-inflammatory cytokines such as interleukin (IL) -10,

IL-35, TGF-β andmodulate the interaction between adaptive-innate

immunity (Figure 1E) (Vignali et al., 2008). Additionally, clonal

expansion of CD8+ T cells and epitope spreading is another

mechanism of IMH (Vanderlugt and Miller, 2002; Das et al.,

2015; Riaz et al., 2017). ICIs could stimulate the proliferation of

CD8+ T cells to overcome immune tolerance, which could further

upregulate proliferative and cytotoxic genes such as IFN-γ,
granzyme and granulysin. At the same time, epitope spreading

causes an indiscriminate immune reaction to self-antigens

(Figure 1F).

FIGURE 1
Mechanisms of T cells activation and immune-mediated hepatitis caused by ICIs. (A) Blockade of CTLA-4 activates T cells at the priming phase.
(B) Further anti-tumor effect induced by the blockade of PD-1 and PD-L1 occurs in the effector phase. Once liver self-tolerance impairs, immune
cells such as (C) Th cells, (D) Monocytes, (E) Treg cells, and (F) cytotoxic T cells will be involved in the pathophysiological process of immune-
mediated hepatitis.
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TABLE 2 Incidence of immune-mediated hepatitis according to different treatment regimens with immune checkpoint inhibitors.

Pathway Agent Dose Indication Patients,
n

Incidence of
all grades of
IMH, n (%)

Incidence of
grade 3/4 of
IMH, n (%)

Ref

CTLA-4 Ipilimumab 3 mg/kg every 3 weeks for four
dosages

Melanoma 151 4 (2.65) 2 (1.32) Aamdal
et al. (2022)

3 mg/kg every 3 weeks for four
dosages

Melanoma 256 3 (1.17) 1 (0.39) Robert et al.
(2015)

10 mg/kg every 3 weeks for four
dosages

Melanoma 57 8 (14.04) 7 (12.28) Weber et al.
(2009)

10 mg/kg every 3 weeks for four
dosages

Melanoma 71 2 (2.82) 2 (2.82) Wolchok
et al. (2010)

PD-1
PD-L1

Nivolumab 3 mg/kg every 2 weeks Melanoma 313 1 (0.32) 1 (0.32) Wolchok
et al. (2022)

240 mg every 2 weeks Advanced
NSCLC

391 5 (1.28) 4 (1.02) Paz-Ares
et al. (2022)

480 mg every 4 weeks Melanoma 359 9 (2.51) 4 (1.11) Tawbi et al.
(2022)

Cemiplimab 350 mg every 3 weeks Advanced
NSCLC with PD-

L1 of ≥50%

355 2 (0.56) 2 (0.56) Sezer et al.
(2021)

350 mg every 3 weeks Recurrent or
metastatic
cervical

carcinoma

300 0 (0.00) 4 (1.33) Tewari
et al. (2022)

3 mg/kg every 2 weeks cSCC with or
without
metastatic

78 1 (1.28) 1 (1.28) Migden
et al. (2020)

Pembrolizumab 200 mg every 3 weeks Melanoma 509 9 (1.77) 7 (1.38) Eggermont
et al. (2018)

10 mg/kg every 3 weeks for four
dosages

Melanoma 277 5 (1.81) 5 (1.81) Robert et al.
(2015)

200 mg every 3 weeks HCC 104 3 (2.88) 3 (2.88) Zhu et al.
(2018)

200 mg every 3 weeks HCC 279 5 (1.79) 4 (1.43) Finn et al.
(2020a)

Atezolizumab 1200 mg every 3 weeks Advanced
NSCLC

68 1 (1.47) 1 (1.47) Cho et al.
(2022)

1200 mg every 3 weeks Muscle-invasive
urothelial
carcinoma

390 36 (9.23) 9 (2.31) Bellmunt
et al. (2021)

Avelumab 10 mg/kg every 2 weeks Clear-cell renal-
cell carcinoma

55 3 (5.45) 2 (3.64) Choueiri
et al. (2018)

Durvalumab 1500 mg every 4 weeks Urothelial
carcinoma

345 1 (0.29) 1 (0.29) Powles
et al. (2020)

Combination
Therapy

Nivolumab plus
ipilimumab

1 mg/kg nivolumab plus 3 mg/kg
ipilimumab every 3 weeks for

four dosages

Melanoma 313 7 (2.23) 5 (1.60) Hodi et al.
(2018)

1 mg/kg nivolumab plus 3 mg/kg
ipilimumab once every 3 weeks
for four dosages, followed by
nivolumab 3 mg/kg once every

2 weeks

Melanoma 313 1 (0.32) 1 (0.32) Wolchok
et al. (2022)

(Continued on following page)
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In addition, due to the high exogenous antigens exposure such as

LPS in the liver, Kuffer cells and liver sinusoidal endothelial cells

(LSECs) express the adhesion molecules intercellular adhesion

molecule 1 (ICAM-1) and vascular cell adhesion molecule 1

(VCAM-1). These continuously expressed adhesion molecules and

the slow blood flow in the hepatic sinusoids promote the interaction

of activated CD8+ T cells in the systemic circulation with Kuffer and

LSECs, leading to the retention of activated CD8+ T cells in the liver

(Mehal et al., 1999; John and Crispe, 2004). Upon retention, these

cells bind and secrete IFN-γ through their FasL molecules and Fas

expressed by Kuffer cells, inducing TNF-α secretion by Kuffer cells

(Murray and Crispe, 2004), which would induce hepatocytes

sensitive and susceptible to Fas-induced and IFN-γ-mediated

apoptosis (Horras et al., 2011; Faletti et al., 2018), leading to

hepatocyte injury. Although this hypothetical mechanism may not

answer why IMHoccurs in only a subset of patients on ICI treatment

and not in most patients, this hypothesis provides a possible

mechanism of IMH, further studies are still needed.

Incidence

The incidence of IMH is mainly counted through the reports

of irAEs in clinical trials. Up to date, most trials defined the

occurrence and grades of irAEs based on the common criteria for

adverse events (CTCAE), which was used by referring to the

elevations of aminotransferase (ALT), aspartate transaminase

(AST), alkaline phosphatase (ALP) and total bilirubin based

on the upper limit of normal (ULN).

The reported incidence of IMH varies according to the different

agents, dosages and indications (Regev et al., 2020). It has been

described that the incidence of all grades of IMHwidely ranges from

1% to 15%, and the incidence of grade 3 or four ranges from 1% to

10% (Table 2). The incidence of IMH caused by CTLA-4 inhibitors

(2%–15%) usually demonstrates an increased risk compared to

those using PD-1 (0%–3%) or PD-L1 (0%–6%) inhibitors

(Weber et al., 2009; Robert et al., 2015; Choueiri et al., 2018;

Aamdal et al., 2022). Meanwhile, a higher dose of CTLA-4

inhibitors appears to increase the incidence of ICIs induced

IMH. For melanoma patients who received ipilimumab,

monotherapy with high doses (10 mg/kg) may cause an

increased incidence compared to lower doses (3 mg/kg)

(Wolchok et al., 2010; Robert et al., 2015). Furthermore,

combination therapy seems more likely to cause IMH than

monotherapy. In a phase Ⅲ clinical trial of CheckMate 067,

patients with advanced melanoma who received ipilimumab plus

nivolumab were reported a higher incidence of IMH than those who

received ipilimumab or nivolumab alone (Wolchok et al., 2022). In

another clinical trial, KEYNOTE-598, patients with non-small-cell

lung cancer who received pembrolizumab plus ipilimumab reported

a approximate incidence of all grades of IMH compared to those

who received pembrolizumab alone. However, the incidence of

TABLE 2 (Continued) Incidence of immune-mediated hepatitis according to different treatment regimens with immune checkpoint inhibitors.

Pathway Agent Dose Indication Patients,
n

Incidence of
all grades of
IMH, n (%)

Incidence of
grade 3/4 of
IMH, n (%)

Ref

nivolumab 1 mg/kg plus
ipilimumab 3 mg/kg every
3 weeks for four dosages,

followed by nivolumab 240 mg
every 2 weeks

HCC 49 10 (20.41) 10 (20.41) Yau et al.
(2020)

Nivolumab3 mg/kg plus
ipilimumab 1 mg/kg every
3 weeks for four dosages,

followed by nivolumab 240 mg
every 2 weeks

HCC 49 6 (12.24) 5 (10.20) Yau et al.
(2020)

Nivolumab 3 mg/kg every
2 weeks plus ipilimumab
1 mg/kg every 6 weeks

HCC 49 3 (6.12) 3 (6.12) Yau et al.
(2020)

Pembrolizumab
plus ipilimumab

200 mg pembrolizumab every
6 weeks every 3 weeks, followed

by ipilimumab 1 mg/kg

Metastatic
NSCLC

282 5 (1.77) 4 (1.42) Boyer et al.
(2021)

2 mg/kg pembrolizumab every
3 weeks, followed by 1 mg/kg
ipilimumab every 3 weeks for
four dosages, followed by

2 mg/kg pembrolizumab every
3 weeks

Melanoma 153 15 (9.80) 9 (5.88) Long et al.
(2017)

CTLA-4, cytotoxic T-lymphocyte associated protein four; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; NSCLC, non-small-cell lung cancer; HCC,

hepatocellular carcinoma; cSCC, cutaneous squamous cell carcinoma.
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grade 3/4 IMHwas higher in the combined treatment group than in

the monotherapy group, suggesting that combined therapy of ICIs

may be associated with more severe IMH (Boyer et al., 2021).

Furthermore, compared to IMH caused by ICIs in other tumors, the

incidence of IMH in patients with HCCmay be slightly higher (Zhu

et al., 2018; Sangro et al., 2020). Similar to other tumors, the

incidence of IMH with combined therapy is much higher than

those received monotherapy in HCC (Zhu et al., 2018; Finn et al.,

2020a; Yau et al., 2020). The background of chronic liver disease and

the influence of the primary location of HCCmay partly explain the

higher incidence of IMH in HCC. However, the incidence of IMH

may be overestimated due to causes other than ICIs, such as other

drugs, viral reactivation or tumor progression. More rigorous

assessment and differential diagnosis need to be developed.

In addition, it is worth noting that there are some

commonalities between other irAEs and IMH. The incidence

of other irAEs was also associated with different treatment

strategies. It has been reported that the incidence of rash,

colitis and diarrhea is higher in patients treated with anti-

CTLA-4 than in patients treated with PD-1 (33% vs. 26%,

12% vs. 1%, 33% vs. 20%) (Kroner et al., 2019). The risk of

non-hepatic irAEs has been demonstrated to be dose dependent

in anti-CTLA-4 agents (Ascierto et al., 2017). Meanwhile,

compared to monotherapy, combined immunotherapy has

higher incidence in most of irAEs and more than 60% of

patients treated with combined therapy have been reported to

occur severe irAEs (Wolchok et al., 2017; Esfahani et al., 2019).

Furthermore, nearly half of IMH patients are reported to have

concomitant non-hepatic irAEs such as pneumonia, pituitary

inflammation, hyperthyroidism and pancreatitis, which may

precede the diagnosis of IMH (De Martin et al., 2018;

Huffman et al., 2018).

Although IMH occurs less commonly than some other non-

hepatic irAEs, fatal cases have been observed in both clinical trials

and post marketing phase. A meta-analysis investigated the

fatality rates caused by ICIs, which indicated that in

613 reported fatal cases, 124 were secondary to IMH.

Furthermore, in this study, of all fatal cases, 31 (5.1%) in the

ipilimumab group, 74 (12.1%) in the anti-PD-1/PD-L1 group

and 19 (3.1%) in the combined therapy group were caused by

IMH. The study further analyzed the patients with melanoma

from seven international academic medical centers and found

that 21 fatal cases were reported, of which 5 (23.8%) cases were

caused by IMH, followed by myocarditis (28.6%) and colitis/

enteritis (28.6%) (Wang et al., 2018). These studies suggest that

IMH accounts for a high proportion of fatal irAEs, which is

noteworthy and has important clinical significance.

Risk factors

Although certain risk factors have been associated with irAEs

during ICIs therapy, the risk factors associated with IMH have not

been fully elucidated (Yang et al., 2020). There are several risk factors

have been demonstrated until now, such as the therapeutic strategy

of ICIs, background in chronic liver diseases, and some other factors

demonstrated by several clinical reports.

Therapeutic strategy

From the perspective of the treatment strategy of ICIs, it has

been reported that the incidence of irAEs in monotherapy of anti-

CTLA-4 is higher than that in anti-PD-1 or PD-L1, which suggests

that the types of ICIs may be a risk factor in IMH. Furthermore, the

risk of incidence of IMH is correlated with the dosage of ICIs. In a

study of ipilimumab for melanoma, serious hepatic adverse events

weremore common at 10 mg/kg compared to the dosage of 3 mg/kg

(30% vs. 0%) (Wolchok et al., 2010). Additionally, ipilimumab plus

nivolumab combination therapy and previous ICI treatment are two

independent risk factors for IMH, respectively (Kitagataya et al.,

2020; Yamamoto et al., 2021).

As for the drugs other than ICIs, it has been reported that

acetaminophen was associated with a 2.1-fold increased risk of all

grades of IMH and the use of 3-hydroxy-3-methyl-glutaryl-coenzyme

reductase inhibitors was associated with a 4.7-fold increased risk of

grade 3 or higher IMH compared with untreated (Cho et al., 2021).

Chronic liver diseases

For patients with a background in chronic liver diseases, the

incidence of IMH is higher than that of patients without liver

dysfunction (Sangro et al., 2020). However, a clinical trial has

reported no relation between the occurrence of IMH and the

background of viral hepatitis in HCC patients who received

nivolumab monotherapy (El-Khoueiry et al., 2017). A

retrospective study on a total of 135 patients who received PD-1

inhibitors has reported 8 cases occurred IMH, two cases of combined

non-alcoholic fatty liver disease (NAFLD) and one case of combined

alcoholic liver disease, which suggests that some liver disease other

than chronic viral hepatitis may also increase the risk of IMH

(Sawada et al., 2020). Further analysis in the study has shown a

significant correlation between NAFLD and IMH (hazard ratio

[HR] = 29.34, p = 0.003). Furthermore, several studies have

demonstrated that patients with autoimmune disorders such as

thyroiditis or rheumatological have a higher risk of IMH during

ICIs therapy (Johnson et al., 2016; Abdel-Wahab et al., 2018).

However, there is still no available data supporting this tendency

in autoimmune hepatitis, which needs further investigation.

Other factors

For sex, a retrospective study confirmed that male (HR =

1.608, p < 0.05) was an independent risk factor for IMH (Cho
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et al., 2021). However, another study has reported that females

are significantly associated with higher grade IMH compared to

males, which still exists a divergence and further studies are

necessary to draw a definite conclusion (Kitagataya et al., 2020).

Furthermore, for age, a study by Cho et al. demonstrated that

patients younger than 65 years old (HR = 1.527, p < 0.05) was

another independent risk factor for IMH (Cho et al., 2021),

which may be due to the immunosenescence as people age

(Nishijima et al., 2016).

Secondly, as for the types of cancer, a Japanese study reported

that malignant melanoma was significantly and independently

associated with increased risk of IMH (odd ratio [OR] = 11.6, p =

0.002) (Yamamoto et al., 2021), which suggested that

comprehensive and systematic evaluation should be carried

out in malignant melanoma patients who received ICIs

therapy to reduce the risk of IMH. Additionally, the risk of

IMH has been reported to be associated with patients with

primary liver cancer. It has shown higher elevations of ALT,

AST, total bilirubin, and more severe grade of IMH in patients

with primary liver cancer compared to patients with other solid

tumors (Fu et al., 2021), which suggests that more concern

should be paid to the occurrence of IMH in HCC patients

during ICIs administration.

Furthermore, fever over 38°C within 24 h of initial ICI

treatment was also identified as another risk factor for IMH

(HR = 6.21, p < 0.001) (Mizuno et al., 2020). In sum of these

studies, risk factors of IMH need to be further investigated, which

may be helpful to reveal the underlying mechanisms of IMH

caused by ICIs and to improve the diagnosis and management of

IMH in clinical practice in the future.

Diagnosis

Although most cases of IMH are asymptomatic, a few

patients may present with fatigue, abdominal discomfort,

fever, rash, and rarely jaundice (Huffman et al., 2018; Riveiro-

Barciela et al., 2020). Acute liver failure is also rarely present in

the initial stage of IMH. Furthermore, the clinical presentation is

demonstrated to vary in different types of ICIs. It has been

reported that fever is more prevalent in CTLA-4 inhibitors than

in PD-1 and PD-L1 inhibitors (De Martin et al., 2018). The

pattern of IMH commonly presents the type of hepatocellular

injury, while a cholestatic or mixed liver injury pattern may also

be observed, which is more commonly secondary to PD-1 and

PD-L1 inhibitors than CTLA-4 inhibitors (DeMartin et al., 2018;

Imoto et al., 2019).

Abnormal elevations of serum liver enzymes in liver function

tests are usually indexed in the diagnosis of IMH. Elevations of

ALT or AST more than two times ULN should be concerned.

Sometimes it should also be concerned mild to moderate

elevation of serum ALP >2.5 × ULN, and abnormal elevation

of total bilirubin >1.5 × ULN. Since the IMH is usually

asymptomatic or has non-specific symptoms, many cases are

diagnosed during monitoring during ICI therapy. Furthermore,

specific biomarkers of IMH have not been elucidated. Although

recent studies have demonstrated that human leukocyte antigen

and IL-6 are susceptible to liver injury induced by ICIs, there is

no specificity in IMH, which needs more studies to verify

(Chowell et al., 2018; Valpione et al., 2018). For time to onset

of IMH, it has been reported that the onset time of IMH is

between 4 and 12 weeks or after 3 times of ICIs infusion, the

onset time of IMH induced by CTLA-4 inhibitors is sooner than

that induced by PD-1 and PD-L1 inhibitors (De Martin et al.,

2018).

The 2019 European Association for the Study of the Liver

(EASL) guideline for drug-induced liver injury (DILI) classified

IMH as a special type of DILI (European Association for the

Study of the Liver, 2019). Similar to idiosyncratic DILI, IMH is a

diagnosis of exclusion and it is essential to assess the causality in

patients with abnormal liver function tests to confirm IMH

(Regev et al., 2014). The Roussel Ucalf Causality Assessment

Method (RUCAM) scale is a well-established tool to assess the

likelihood of DILI and is recommended to assist the diagnosis of

IMH by some hepatologic experts (Danan and Teschke, 2015),

which includes the assessment of onset time after therapy, the

course of liver enzymes after drugs cessation, response to drug re-

exposures, alcohol use, age, and concomitant drugs (Hoofnagle

and Bjornsson, 2019). However, the RUCAM scale in IMH

diagnosis is less application in the diagnosis of IMH. It should

be further verified in clinical practice to evaluate whether

RUCAM is suitable for the IMH diagnosis.

Differential diagnosis

The differential diagnosis of IMH is still challenging as the

existing a lot etiologies of abnormally elevated liver enzymes,

which mainly include drugs other than ICIs, viral infection,

autoimmune and metabolic diseases, tumor-related causes,

biliary diseases, musculoskeletal and cardiovascular system

diseases (Shantakumar et al., 2016; Ricart, 2017). Therefore, it

is important to comprehensively assess other common

differentials to avoid the inappropriate interruption of

effective anticancer therapy or unnecessary interventions in

patients suspected IMH during ICIs therapy.

Identification of the above differential causes of liver

injury during ICIs therapy requires a detailed medication

history. It is noteworthy that chemotherapeutic drugs

combined with ICIs, such as dacarbazine, carboplatin, and

bevacizumab, which may also cause liver injury during cancer

immunotherapy (Reck et al., 2013; Fashoyin-Aje et al., 2019;

Finn et al., 2020b). Furthermore, dietary supplements, herbal,

as well as alcohol can also induce a non-immune mediated

hepatitis. Another cause of liver injury that deserves mention

is liver metastasis as ICIs are usually for patients with
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advanced malignancies. A cohort of 491 patients who received

pembrolizumab reported 14.3% incidence of liver injury,

however, more than half patients were found with liver

metastasis, which suggests that liver metastasis may be the

cause of the liver injury rather than ICIs (Tsung et al., 2019).

Other chronic liver diseases such as hepatic viral infection

should also be concerned. Additionally, some extra-hepatic

causes of elevation of liver enzymes also need to be considered,

such as myocarditis, myositis, and bone or other organ

metastasis (Regev et al., 2014; Touat et al., 2018). A

detailed differential diagnosis and related tests in IMH

diagnosis are listed in Table 3.

Pathologic diagnosis

Liver biopsy is commonly unnecessary for diagnosis as the

feature that IMH is a diagnosis of exclusion and is often reflected

on liver tests. At present, it is recommended that a liver biopsy

may reserve for patients with more severe than grade 2 (Sangro

et al., 2020). As liver biopsy is unnecessary in most patients, there

are few histological appearance data during IMH caused by ICIs.

Common histopathology findings from reported cases are mainly

mononuclear inflammation, including periportal inflammation

with or without interface hepatitis, diffuse panlobular

inflammation with prominent perivenular infiltrate, confluent

necrosis, and rarely cholestatic injury which appears a

mononuclear infiltrate in portal tracts that are centered

around bile ducts and bile ductular proliferation (Kleiner and

Berman, 2012; Kim et al., 2013; Kawakami et al., 2017; Zhang

et al., 2020). Immune cells in liver tissues of patients with IMH

consist of predominantly CD8+ T cells and eosinophils, less

frequently CD4+ T cells, B cells, and plasma cells (Johncilla

et al., 2015).

Although liver biopsy is not necessary for routine diagnosis

of IMH, some studies indicate that it may be helpful in patients

with atypical presentation or unusual clinical course, as well as a

differential diagnosis in patients with viral hepatitis or

autoimmune hepatitis (Haanen et al., 2017). It has been

reported that liver biopsy was able to differentiate the

hepatitis C virus (HCV) or IMH in HCC patients with

untreated HCV, as HCV appears to have lymphocytic

infiltration. In contrast, IMH appears to involve a mixed

inflammatory infiltrate comprising eosinophils, histiocytes,

and lymphocytes (Hsu et al., 2020). Furthermore, IMH shares

several histopathological similarities with idiopathic

autoimmune hepatitis (iAIH), such as panlobular

inflammation, necrosis, and lymphocytic infiltrate. However,

TABLE 3 Differential diagnosis and recommended tests in immune-mediated hepatitis diagnosis.

Etiology Differential diagnosis Related tests

Drugs other than
ICIs

Concomitant anti-tumor medications; Complementary and herbal
medications; acetaminophen toxicity

Medication history

Viral infection a) Hepatic virus infection (HAV, HBV, HCV, HEV); b) Reactivation of
HBV; c) CMV infection; d) EBV infection; e) HSV infection

a) anti-HAV IgM, HBsAg, anti-HBc IgG, anti-HBc IgM, HBV DNA,
anti-HCV, HCV RNA, anti-HEV IgG, anti-HEV IgM, HEV RNA; b)
HBV DNA; c) anti-CMV IgM, CMV DNA; d) anti-EBV IgM, EBV
DNA; e) anti-HSV IgM, HSV DNA

Alcohol related Alcoholic hepatitis Alcohol intake history

Autoimmune
disease

Autoimmune hepatitis ANA, ASMA, anti-LKM-1, anti-LC-1, anti-SLA/LP, pANCA, serum
IgG, IgM, IgA

Metabolic disease Non-alcoholic fatty liver disease Metabolic risk factor, imaging of hepatic steatosis

Tumor related Hepatic metastasis or HCC progression Hepatic imaging (ultrasonography, CT scan, MRI)

Biliary disease Biliary obstruction; Gallstones; Cholecystitis; Cholangitis Hepatobiliary imaging (ultrasonography, CT scan, MRI, MRCP)

Genetic disease Wilson’s disease Blood ceruloplasmin, serum copper, slit lamp eye examination for
Kayser-Fleischer rings, genetic testing

Systemic infection Sepsis Blood pressure, complete blood count, procalcitonin, blood or urine
cultures

Musculoskeletal
system

Muscle injury (mostly myositis); Rhabdomyolysis Serum CK; CK-MB

Cardiovascular
system

Myocarditis; Portal-vein/hepatic vein thrombosis; Ischemic or
congestive hepatic injury

Imaging and clinical history (Blood pressure, pulse, electrocardiogram,
echocardiogram)

ICIs, immune checkpoint inhibitors; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HEV, hepatitis E virus; CMV, cytomegalovirus; EBV, epstein barr virus; HSV,

herpes simplex virus; ANA, anti-nuclear antibody; ASMA, anti-smooth muscle antibody; CK, creatine kinase; CK-MB, creatine kinase-MB; CT, computed tomography; MRI, magnetic

resonance imaging; MRCP, magnetic resonance cholangiopancreatography; LKM-1, liver kidneymicrosomal type 1; LC-1, liver cytosol type 1; SLA, soluble liver antigen; LP, liver pancreas;

pANCA, perinuclear anti-neutrophil cytoplasmic antibodies; HCC, hepatocellular carcinoma.
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there are also exist some significant differences between IMH and

iAIH, which has been reported that there is an increased presence

of CD8+ T cells and fewer CD20+ B cells and CD4+ T cells in IMH

compared to iAIH, and the panlobular inflammation is often

confined in zone 3 in IMH (Kim et al., 2013; Zen and Yeh, 2018).

Those findings may help differentiate IMH from iAIH.

The concern is that IMH caused by different ICIs has distinct

histopathological patterns. Anti-CTLA-4 drugs are mainly

characterized by specific patterns of granulomatous hepatitis,

fibrin deposits, and central vein endothelialitis. However,

histological findings in anti-PD-1/PD-L1 drugs are more

heterogenous, of which biopsy mainly shows lobular hepatitis,

periportal activity, and centrilobular necrosis (De Martin et al.,

2018). Further study of the histopathological characteristics of

different ICIs may be helpful in elucidating the underlying

mechanisms of IMH and finally benefit the clinical practice.

Grading criterion

The criterion of IMH grading is crucial as the severity of IMH

corresponds to the management. Currently, two grading

criterions, CTCAE and Drug-induced liver injury network

(DILIN), are clinically used to evaluate IMH (Table 4). Both

grading systems consider the alteration of serum liver enzymes

and bilirubin, while most oncology clinical trials prefer to use the

TABLE 4 Grading assessment of immune-mediated hepatitis by common terminology criteria of adverse events and drug-induced liver injury network.

Grade Common terminology criteria of adverse events
version 5.0 (NCI, 2017)

Drug-induced liver injury network (Fontana et al.,
2009)

Grade 1 ALT>3.0 × ULN if baseline is normal; >1.5–3.0 × baseline if baseline
was abnormal

Elevated serum ALT and/or ALP; TBil <2.5 mg/dl; INR <1.5; With or
without symptoms (fatigue, weakness, nausea, anorexia, right upper
abdominal pain, jaundice, pruritus, rash, or weight loss)

AST>3.0 × ULN if baseline is normal; >1.5–3.0 × baseline if baseline
was abnormal

ALP>2.5 × ULN if baseline is normal; >2.0–2.5 × baseline if baseline
was abnormal

TBil>1.5 × ULN if baseline is normal; >1.0–1.5 × baseline if baseline
was abnormal

Grade 2 ALT>3.0–5.0 × ULN if baseline is normal; >3.0–5.0 × baseline if
baseline was abnormal

Elevated serum ALT and/or ALP; TBil ≥2.5 mg/dl or
INR ≥1.5 without Elevated TBil; Symptoms may be aggravated

AST>3.0–5.0 × ULN if baseline is normal; >3.0–5.0 × baseline if
baseline was abnormal

ALP>2.5–5.0 × ULN if baseline is normal; >2.5–5.0 × baseline if
baseline was abnormal

TBil>1.5–3.0 × ULN if baseline is normal; >1.5–3.0 × baseline if
baseline was abnormal

Grade 3 ALT>5.0–20.0 × ULN if baseline is normal; >5.0–20.0 × baseline if
baseline was abnormal

Elevated serum ALT and/or ALP; TBil ≥ 5 mg/dl with or without
INR ≥1.5; Symptoms are further aggravated; Indication for
hospitalization or prolonged hospitalization

AST>5.0–20.0 × ULN if baseline is normal; >5.0–20.0 × baseline if
baseline was abnormal

ALP>5.0–20.0 × ULN if baseline is normal; >5.0–20.0 × baseline if
baseline was abnormal

TBil>3.0–10.0 × ULN if baseline is normal; >3.0–10.0 × baseline if
baseline was abnormal

Grade 4 ALT>20.0 × ULN if baseline is normal; >20.0 × baseline if baseline was
abnormal

Elevated serum ALT and/or ALP; TBil ≥10 mg/dl or daily
elevation ≥1.0 mg/dl; INR ≥1.5 with ascites, encephalopathy, or other
organ dysfunction

AST>20.0 × ULN if baseline is normal; >20.0 × baseline if baseline was
abnormal

ALP>20.0 × ULN if baseline is normal; >20.0 × baseline if baseline was
abnormal

TBil>10.0 × ULN if baseline is normal; >10.0 × baseline if baseline was
abnormal

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; TBil, total bilirubin; INR, international normalized ratio; ULN, upper limit of normal.

Frontiers in Pharmacology frontiersin.org09

Liu et al. 10.3389/fphar.2022.1077468

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1077468


FIGURE 2
Management for immune-mediated hepatitis caused by immune checkpoint inhibitors. LFT, liver function test; ICI, immune checkpoint
inhibitor; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; TBil, total bilirubin; ULN, upper limit of normal;
BLV, baseline value; MMF, mycophenolate mofetil; UDCA, ursodeoxycholic acid; ATG, antithymocyte globulin; AZA, azathioprine.
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CTCAE grading system to evaluate the irAEs caused by ICIs,

which classifies the severity as 5 grades and grade 5 refers to fatal

IMH. However, it should be noted that this grading system may

sometimes be insufficient to reflect the clinical severity of IMH

(Personeni et al., 2021). The CTCAE system may overestimate

the severity of IMH compared to DILIN. For example,

transaminases >20× ULN without coagulation derangement

are considered a grade 4 adverse event, which corresponds to

a life-threatening event, while a normal coagulation function may

not be considered a severe liver injury clinically. Therefore,

compared to CTCAE, the DILIN system seems more

comprehensive as it considers the international normalized

ratio, symptoms, and other organ failures (Fontana et al.,

2009). However, neither criteria are formulated explicitly for

IMH grading but rather for elevated liver function induced by

any treatment. Furthermore, which criterion is more suitable for

predicting the prognosis of IMH is also unknown and still needs

further exploration.

Management

Recently, American Society of Clinical Oncology (ASCO),

European Society for Medical Oncology (ESMO), Society for

Immunotherapy of Cancer (SITC), National Comprehensive

Cancer Network (NCCN), and EASL have developed

guidelines on irAEs, including IMH, to guide the management

of irAEs (Haanen et al., 2017; Thompson et al., 2020; Brahmer

et al., 2021; Schneider et al., 2021). Due to the lack of prospective

clinical trials evaluating the effects of different treatment options,

management guidelines of IMH are currently based on practice

in case reports and expert consensus. Currently, most clinical

practices follow the guidelines issued by ASCO in 2021, which

includes the frequency of liver function tests, timing of hold and

resume ICIs and corticosteroids administration. The detailed

management based on current guidelines is shown in Figure 2.

Most guidelines recommend that before every ICIs

administration, all patients should check liver parameters,

especially for patients with a background in chronic viral

hepatitis, which is recommended an antiviral therapy before

the first time of ICIs therapy. To patients with asymptomatic

elevations of liver tests and excluded other suspicious causes,

IMH induced by ICIs should be considered. Unlike other DILI, it

is not enough to discontinue the suspected culprit drugs in the

management of IMH as IMH is usually induced by excessive

immune response of the liver, so initiation of

immunosuppressive therapy is equally necessary. Currently, all

recommended management of IMH suggests using

corticosteroids such as prednisone, methylprednisone, or

equivalent (Miller et al., 2020). Furthermore, although CTCAE

may be insufficient to reflect the clinical severity of IMH and a

management algorithm based on DILIN and histopathology

severity has been proposed (De Martin et al., 2018),

management of IMH in most consensus and clinical trials

varies with the severity of hepatitis based on CTCAE grading

system. Although current guidelines of irAEs have minor

differences in the management of IMH, they all follow a

gradual treatment process, including continuing or ceasing

ICIs, escalated first-line corticosteroids, further use of second-

line mycophenolate mofetil (MMF), and the application of third-

line immunosuppressive treatment (Haanen et al., 2017;

Thompson et al., 2020; Brahmer et al., 2021; Schneider et al.,

2021).

Corticosteroids

Although guidelines recommend using a dosage of

prednisone from 0.5 to 1 mg/kg/day for grade 2 IMH and

initiating methylprednisone 1–2 mg/kg/day in more severe

IMH, the timing for corticosteroid administration is still

controversial. It has been shown that nearly half of patients

with grade 3 or 4 IMH who discontinue ICIs can improve

spontaneously without a corticosteroid treatment (Gauci et al.,

2018). Another case series also reported that six patients with

grade 2 or higher IMH who received no corticosteroid treatment

or no escalated dose of steroid showed a sooner resolution of liver

injury compared to four patients who received corticosteroids

(median time: 4.7 weeks vs. 8.6 weeks) (Gauci et al., 2018), which

provide a possible to avoid corticosteroids as an increased risk of

severe infections are found in patients received corticosteroids

during ICIs therapy (Del Castillo et al., 2016). A recent study

demonstrated similar outcomes and reduced risk of

corticosteroids-mediated complications of grade 3 or 4 IMH

patients who received 1 mg/kg/day methylprednisolone

compared to those who received high-dose steroid, which

further provides support for the use of lower doses of steroids

without compromising the improvement of liver function and a

reduced risk of steroid-related complications (Li et al., 2022; Pan

and Razumilava, 2022). In addition, budesonide, another

corticosteroid used in autoimmune hepatitis, has also been

reported to be effective in the treatment of grade 3 IMH and

restarting ICI, which has been considered for the treatment of

IMH as its metabolism feature and the lower side effects (Ziemer

et al., 2017). However, the timing and indication of corticosteroid

use need to be clarified further. At present, it is essential to

consider an individualized treatment for IMH, and further

studies are needed to evaluate the new management strategy

for IMH.

Refractory IMH to steroid

Currently, most society guidelines recommend

corticosteroids as a first-line treatment for IMH. However,

some cases of refractoriness on steroids were reported to not
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respond to steroids or failure to normalize liver function. It

was recommended that if there is no response with

intravenous methylprednisolone, second-line treatment of

500–1000 mg of MMF twice daily can be considered. In

addition to MMF, ASCO also proposed that azathioprine

(AZA) can be used as the second-line agent for steroid-

refractory IMH after ruling out the infectious causes

(Schneider et al., 2021), and test for thiopurine

methyltransferase deficiency is required to avoid life-

threatening bone marrow suppression (Ziogas et al.,

2020). Although some cases reported the successful use of

AZA in patients (Iwamoto et al., 2017; Huffman et al., 2018),

it should be noted that the immunosuppressive effect of AZA

was exerted later than that of MMF. In addition, AZA

metabolites may also cause hepatotoxicity. Therefore,

using AZA as a second-line treatment for IMH should be

cautious.

Although MMF has been successfully used in many

patients with refractory IMH to steroids, some cases still

show no response after steroid and MMF treatment

(McGuire et al., 2018; Motomura et al., 2020; McIlwaine

et al., 2022). Therefore, given the mechanisms underlying

IMH, ESMO and EASL have proposed third-line

immunosuppressive agents targeting T cells, including the

calcineurin inhibitors tacrolimus and cyclosporine, as well as

anti-thymoglobulin (Haanen et al., 2017; European

Association for the Study of the Liver, 2019). The

successful use of these agents has been reported in several

cases (Huffman et al., 2018; Motomura et al., 2020; McIlwaine

et al., 2022). Some other treatments have also been reported to

be used in both steroids and MMF refractory IMH, such as

tocilizumab (Stroud et al., 2019) and plasma exchange

(Riveiro-Barciela et al., 2019). Furthermore, one study

suggested that treatment with ursodeoxycholic acid

(UDCA) and bezafibrate should be considered in steroid-

refractory IMH cholestatic injury, which may reduce the

immune response via the proliferator-activated receptor-α-
nuclear factor-κB signal pathway (Onishi et al., 2020). Some

case reports showed that anti-TNF inhibitor infliximab

improved hepatitis in patients with steroid-refractory IMH

(Cheung et al., 2019; Corrigan et al., 2019). However,

considering the potential hepatotoxicity, all guidelines do

not recommend its use in IMH. A detailed additional

treatment for steroid-refractory IMH in case reports

showed in Table 5.

Withhold and resume ICIs

Another controversial point in the treatment of IMH is

whether to permanently cease or resume ICIs in patients with

grade 3 or 4 IMH. As current guidelines recommend, ICIs should

be permanently ceased in patients with more severe IMH (grade

3 or 4). However, according to a systemic review, grade 3 or 4

TABLE 5 Additional treatments for steroids-refractory immune-mediated hepatitis from case reports.

Additional treatments Time for recovery of liver
parameters

Ref

MMF 1 g/day for 1 week plus ATG 1.5 mg/kg/day for 2 consecutive days 1 month from the start of the ATG Chmiel et al. (2011)

MMF 500 mg twice-daily plus intravenous ATG 1.5 mg/kg/day for 2 consecutive days After 49 days Motomura et al. (2020)

MMF 1 g/day plus two intravenous doses of ATG of 100 and 50 mg for 2 consecutive days After 162 days McGuire et al. (2018)

MMF 1 g twice daily for 2 weeks plus ATG for 2 dosages After 2 eeks Ahmed et al. (2015)

ATG 100 mg/day After 5 days Spankuch et al. (2017)

MMF 500 mg plus tacrolimus 500 mg twice daily After 186 days McIlwaine et al. (2022)

MMF 1 g twice daily plus tacrolimus 5 mg/kg/day N/A Cheung et al. (2019)

MMF 1 g plus tacrolimus 1.5 mg/kg twice daily After 9 weeks Ziogas et al. (2020)

Cyclosporine 100 mg twice daily After 40 days Huffman et al. (2018)

Oral AZA with 100 mg/day After 1 month Iwamoto et al. (2017)

UDCA 600 mg/day plus bezafibrate 400 mg/day After 35 days Onishi et al. (2020)

Oral MMF 2 g/day plus UDCA After 56 days Doherty et al. (2017)

MMF 1.5 g/day plus plasma exchange (1,500 ml of 5% albumin plus 4 units of plasma, every
other day)

After 2 weeks Riveiro-Barciela et al.
(2019)

MMF, mycophenolate mofetil; ATG, anti-thymocyte globulin; AZA, azathioprine; UDCA, ursodeoxycholic acid.
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IMH should be considered to resume ICIs therapy or switch

CTLA-4 inhibitors to PD-1/L1 inhibitors when hepatitis severity

improves to grade 2 (Peeraphatdit et al., 2020). Furthermore,

another study reported that four patients with grade 3 or 4 IMH

were successfully given further immunotherapy after improved

liver function, which provides the possibility of resuming ICIs in

patients with more severe IMH (Cheung et al., 2019). However, a

prospective multicenter study reported that retreatment with

ICIs in patients with previous grade 3 or 4 IMH led to 8 of

23 recurrences (Riveiro-Barciela et al., 2022). Moreover, the

administration of budesonide during resuming ICIs was

considered another promising treatment in patients with

severe IMH (Ziemer et al., 2017). In summary, some

arguments still exist in the management of IMH. With the

understanding of IMH evolved over the years, individualized

management should be considered, and the underlying

mechanisms of IMH should be further explored to set out a

more appropriate management guideline.

Prognosis

Most patients with IMH can recover spontaneously or after

corticosteroid administration. For the recovery time, it has been

reported that IMH usually resolves in 5–9 weeks (Gauci et al., 2018).

However, extended time of ALT levels returned to normal have also

been reported in several cases, especially in steroids refractory IMH

(Matsubara et al., 2018; McGuire et al., 2018; McIlwaine et al., 2022),

which may due to a more severe IMH in these cases. Considering

this, a timely diagnosis and management of IMH are critical for

prognosis. Nonetheless, there are few studies to validate the recovery

time of IMH with different severity and treatments, which may be a

direction for selecting treatment and prognosis prediction of patients

with IMH in the future. Furthermore, for the mortality of IMH, a

retrospective multicenter review showed that the incidence of fatal

IMH was 0.01% (5/3345) of all patients treated with ICIs. However,

IMH accounted for a high proportion of fatal cases (23.8%, 5/21)

(Wang et al., 2018). Moreover, other studies also reported a high

mortality rate for IMH (Vozy et al., 2019). These results suggest that

attention should be paid to IMH, especially fatal cases, and with the

development of diagnosis andmanagement of IMH, themortality of

IMH should be reevaluated.

As to the oncology outcomes, fewer studies have focused on

the clinical outcomes of IMH compared with other irAEs.

Despite this, a study showed an excellent outcome and overall

survival in patients with IMH (Patrinely et al., 2021), which is

consistent with the results from studies in extra-hepatic irAEs

(Abu-Sbeih et al., 2018; Das and Johnson, 2019; Quach et al.,

2019). Although another study indicated that patients with

previous IMH showed a lower tumor response and poorer

survival outcomes, these results may be due to liver

metastases and the administration of other treatments for

advanced cancer rather than ICIs (Tsung et al., 2019). A

retrospective study reported that IMH was not associated with

anti-tumor efficacy and overall survival in patients treated with

ICIs (Yamamoto et al., 2021). Moreover, studies have shown no

difference in survival outcomes between IMH patients with and

without steroid treatment (Gauci et al., 2021). Therefore, given

that the oncology outcome of IMH is controversial, more

extensive prospective studies are needed to evaluate the

prognostic impact of IMH.

Future prospectives

With the success of ICIs in several types of cancer, more

and more patients are being treated with ICIs. However, ICIs

therapy also causes a variety of irAEs. Due to the

immunological characteristics of the liver, ICIs also cause

liver-related adverse events, usually termed “immune-

mediated hepatitis”. Although IMH is not common

compared with other irAEs, with the expanded indications

of ICIs therapy, an increasing number of cases diagnosed with

IMH are reported. IMH has become increasingly concerned

about its potential influence on anti-tumor therapy and

lethality. However, the diagnosis and management for IMH

are based on found in retrospective case series experience, so

there is an urgent need for some randomized clinical trials to

clarify the current debate in the IMH, such as further

exploring the molecular mechanisms and identifying the

prediction markers of IMH as well as evaluate the role of

liver biopsy in IMH causality and grading assessment. In

addition, we need prospective studies investigating steroid

and non-steroid based management of IMH to determine the

ideal treatment regimen and better delineate the threshold for

appropriate treatment rechallenge after initial management.

Author contributions

ZL writes the original draft; YZ and HX review and edit the

manuscript; ZZ is the instructors of this article.

Funding

This study was supported by grants from the 302 Hospital

Foundation (No. YNKTZ2018001), National Natural Science

Foundation of China (No. 81670527).

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.

Frontiers in Pharmacology frontiersin.org13

Liu et al. 10.3389/fphar.2022.1077468

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1077468


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

Aamdal, E., Jacobsen, K. D., Straume, O., Kersten, C., Herlofsen, O., Karlsen, J.,
et al. (2022). Ipilimumab in a real-world population: A prospective phase IV trial
with long-term follow-up. Int. J. Cancer 150, 100–111. doi:10.1002/ijc.33768

Abdel-Wahab, N., Shah, M., Lopez-Olivo, M. A., and Suarez-Almazor, M. E.
(2018). Use of immune checkpoint inhibitors in the treatment of patients with
cancer and preexisting autoimmune disease: A systematic review. Ann. Intern Med.
168, 121–130. doi:10.7326/M17-2073

Abu-Sbeih, H., Tang, T., Ali, F. S., Johnson, D. H., Qiao,W., Diab, A., et al. (2018).
The impact of immune checkpoint inhibitor-related adverse events and their
immunosuppressive treatment on patients’ outcomes. J. Immunother. Precis.
Oncol. 1, 7–18. doi:10.4103/jipo.Jipo_12_18

Ahmed, T., Pandey, R., Shah, B., and Black, J. (2015). Resolution of ipilimumab
induced severe hepatotoxicity with triple immunosuppressants therapy. BMJ Case
Rep. 2015, bcr2014208102. doi:10.1136/bcr-2014-208102

Ascierto, P. A., Del Vecchio, M., Robert, C., Mackiewicz, A., Chiarion-Sileni, V.,
Arance, A., et al. (2017). Ipilimumab 10 mg/kg versus ipilimumab 3 mg/kg in
patients with unresectable or metastatic melanoma: A randomised, double-blind,
multicentre, phase 3 trial. Lancet Oncol. 18, 611–622. doi:10.1016/S1470-2045(17)
30231-0

Bagchi, S., Yuan, R., and Engleman, E. G. (2021). Immune checkpoint inhibitors
for the treatment of cancer: Clinical impact and mechanisms of response and
resistance. Annu. Rev. Pathol. 16, 223–249. doi:10.1146/annurev-pathol-042020-
042741

Bellmunt, J., Hussain, M., Gschwend, J. E., Albers, P., Oudard, S., Castellano, D.,
et al. (2021). Adjuvant atezolizumab versus observation in muscle-invasive
urothelial carcinoma (IMvigor010): A multicentre, open-label, randomised,
phase 3 trial. Lancet Oncol. 22, 525–537. doi:10.1016/s1470-2045(21)00004-8

Boyer, M., Sendur, M. a. N., Rodriguez-Abreu, D., Park, K., Lee, D. H., Cicin, I.,
et al. (2021). Pembrolizumab plus ipilimumab or placebo for metastatic non-small-
cell lung cancer with PD-L1 tumor proportion score ≥ 50%: Randomized, double-
blind phase III KEYNOTE-598 study. J. Clin. Oncol. 39, 2327–2338. doi:10.1200/
JCO.20.03579

Brahmer, J. R., Abu-Sbeih, H., Ascierto, P. A., Brufsky, J., Cappelli, L. C., Cortazar,
F. B., et al. (2021). Society for Immunotherapy of Cancer (SITC) clinical practice
guideline on immune checkpoint inhibitor-related adverse events. J. Immunother.
Cancer 9, e002435. doi:10.1136/jitc-2021-002435

Buchbinder, E. I., and Desai, A. (2016). CTLA-4 and PD-1 pathways: Similarities,
differences, and implications of their inhibition. Am. J. Clin. Oncol. 39, 98–106.
doi:10.1097/COC.0000000000000239

Cancer Institute N (2017). Common terminology criteria for adverse events version
5.0. [National Institutes of Health Web site]. Available at: https://ctep.cancer.gov/
protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_
Reference_8.5x11.pdf.

Cheung, V., Gupta, T., Payne, M., Middleton, M. R., Collier, J. D., Simmons, A.,
et al. (2019). Immunotherapy-related hepatitis: Real-world experience from a
tertiary centre. Frontline Gastroenterol. 10, 364–371. doi:10.1136/flgastro-2018-
101146

Chmiel, K. D., Suan, D., Liddle, C., Nankivell, B., Ibrahim, R., Bautista, C., et al.
(2011). Resolution of severe ipilimumab-induced hepatitis after antithymocyte
globulin therapy. J. Clin. Oncol. 29, e237–e240. doi:10.1200/JCO.2010.32.2206

Cho, B. C., Abreu, D. R., Hussein, M., Cobo, M., Patel, A. J., Secen, N., et al.
(2022). Tiragolumab plus atezolizumab versus placebo plus atezolizumab as a first-
line treatment for PD-L1-selected non-small-cell lung cancer (CITYSCAPE):
Primary and follow-up analyses of a randomised, double-blind, phase 2 study.
Lancet Oncol. 23, 781–792. doi:10.1016/s1470-2045(22)00226-1

Cho, Y. A., Han, J. M., Kang, S. Y., Kim, D. C., Youn, Y. J., Choi, K. H., et al.
(2021). Analysis of risk factors for hepatotoxicity induced by immune checkpoint
inhibitors. J. Immunother. 44, 16–21. doi:10.1097/CJI.0000000000000347

Choueiri, T. K., Larkin, J., Oya, M., Thistlethwaite, F., Martignoni, M., Nathan, P.,
et al. (2018). Preliminary results for avelumab plus axitinib as first-line therapy in
patients with advanced clear-cell renal-cell carcinoma (JAVELIN renal 100): An

open-label, dose-finding and dose-expansion, phase 1b trial. Lancet Oncol. 19,
451–460. doi:10.1016/s1470-2045(18)30107-4

Chowell, D., Morris, L. G. T., Grigg, C. M., Weber, J. K., Samstein, R. M.,
Makarov, V., et al. (2018). Patient HLA class I genotype influences cancer response
to checkpoint blockade immunotherapy. Science 359, 582–587. doi:10.1126/science.
aao4572

Corrigan, M., Haydon, G., Thompson, F., Rajoriya, N., Peplow, C. L., Hubscher, S.
G., et al. (2019). Infliximab for the treatment of refractory immune-related hepatitis
secondary to checkpoint inhibitors: A case report. JHEP Rep. 1, 66–69. doi:10.1016/
j.jhepr.2019.02.001

Crispe, I. N. (2014). Immune tolerance in liver disease.Hepatology 60, 2109–2117.
doi:10.1002/hep.27254

Danan, G., and Teschke, R. (2015). RUCAM in drug and herb induced liver
injury: The update. Int. J. Mol. Sci. 17, 14. doi:10.3390/ijms17010014

Das, R., Verma, R., Sznol, M., Boddupalli, C. S., Gettinger, S. N., Kluger, H., et al.
(2015). Combination therapy with anti-CTLA-4 and anti-PD-1 leads to distinct
immunologic changes in vivo. J. Immunol. 194, 950–959. doi:10.4049/jimmunol.
1401686

Das, S., and Johnson, D. B. (2019). Immune-related adverse events and anti-
tumor efficacy of immune checkpoint inhibitors. J. Immunother. Cancer 7, 306.
doi:10.1186/s40425-019-0805-8

De Martin, 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, 1181–1190. doi:10.1016/j.jhep.
2018.01.033

Del Castillo, M., Romero, F. A., Arguello, E., Kyi, C., Postow, M. A., and
Redelman-Sidi, G. (2016). The spectrum of serious infections among patients
receiving immune checkpoint blockade for the treatment of melanoma. Clin.
Infect. Dis. 63, 1490–1493. doi:10.1093/cid/ciw539

Doherty, G. J., Duckworth, A. M., Davies, S. E., Mells, G. F., Brais, R., Harden, S.
V., et al. (2017). Severe steroid-resistant anti-PD1 T-cell checkpoint inhibitor-
induced hepatotoxicity driven by biliary injury. ESMO Open 2, e000268. doi:10.
1136/esmoopen-2017-000268

Eggermont, A. M. M., Blank, C. U., Mandala, M., Long, G. V., Atkinson, V., Dalle,
S., et al. (2018). Adjuvant pembrolizumab versus placebo in resected stage III
melanoma. N. Engl. J. Med. 378, 1789–1801. doi:10.1056/NEJMoa1802357

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, 2492–2502. doi:10.1016/S0140-6736(17)31046-2

Esfahani, K., Meti, N., Miller, W. H., Jr., and Hudson, M. (2019). Adverse events
associated with immune checkpoint inhibitor treatment for cancer. CMAJ 191,
E40–E46. doi:10.1503/cmaj.180870

European Association for the Study of the Liver (2019). EASL clinical practice
guidelines: Drug-induced liver injury. J. Hepatol. 70, 1222–1261. doi:10.1016/j.jhep.
2019.02.014

Faletti, L., Peintner, L., Neumann, S., Sandler, S., Grabinger, T., Mac Nelly, S.,
et al. (2018). TNFα sensitizes hepatocytes to FasL-induced apoptosis by NFκB-
mediated Fas upregulation. Cell Death Dis. 9, 909. doi:10.1038/s41419-018-0935-9

Fashoyin-Aje, L., Donoghue, M., Chen, H., He, K., Veeraraghavan, J., Goldberg,
K. B., et al. (2019). FDA approval summary: Pembrolizumab for recurrent locally
advanced or metastatic gastric or gastroesophageal junction adenocarcinoma
expressing PD-L1. Oncologist 24, 103–109. doi:10.1634/theoncologist.2018-0221

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

Finn, R. S., Ryoo, B. Y., Merle, P., Kudo, M., Bouattour, M., Lim, H. Y., et al.
(2020b). 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, 193–202. doi:10.1200/JCO.19.01307

Frontiers in Pharmacology frontiersin.org14

Liu et al. 10.3389/fphar.2022.1077468

https://doi.org/10.1002/ijc.33768
https://doi.org/10.7326/M17-2073
https://doi.org/10.4103/jipo.Jipo_12_18
https://doi.org/10.1136/bcr-2014-208102
https://doi.org/10.1016/S1470-2045(17)30231-0
https://doi.org/10.1016/S1470-2045(17)30231-0
https://doi.org/10.1146/annurev-pathol-042020-042741
https://doi.org/10.1146/annurev-pathol-042020-042741
https://doi.org/10.1016/s1470-2045(21)00004-8
https://doi.org/10.1200/JCO.20.03579
https://doi.org/10.1200/JCO.20.03579
https://doi.org/10.1136/jitc-2021-002435
https://doi.org/10.1097/COC.0000000000000239
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_v5_Quick_Reference_8.5x11.pdf
https://doi.org/10.1136/flgastro-2018-101146
https://doi.org/10.1136/flgastro-2018-101146
https://doi.org/10.1200/JCO.2010.32.2206
https://doi.org/10.1016/s1470-2045(22)00226-1
https://doi.org/10.1097/CJI.0000000000000347
https://doi.org/10.1016/s1470-2045(18)30107-4
https://doi.org/10.1126/science.aao4572
https://doi.org/10.1126/science.aao4572
https://doi.org/10.1016/j.jhepr.2019.02.001
https://doi.org/10.1016/j.jhepr.2019.02.001
https://doi.org/10.1002/hep.27254
https://doi.org/10.3390/ijms17010014
https://doi.org/10.4049/jimmunol.1401686
https://doi.org/10.4049/jimmunol.1401686
https://doi.org/10.1186/s40425-019-0805-8
https://doi.org/10.1016/j.jhep.2018.01.033
https://doi.org/10.1016/j.jhep.2018.01.033
https://doi.org/10.1093/cid/ciw539
https://doi.org/10.1136/esmoopen-2017-000268
https://doi.org/10.1136/esmoopen-2017-000268
https://doi.org/10.1056/NEJMoa1802357
https://doi.org/10.1016/S0140-6736(17)31046-2
https://doi.org/10.1503/cmaj.180870
https://doi.org/10.1016/j.jhep.2019.02.014
https://doi.org/10.1016/j.jhep.2019.02.014
https://doi.org/10.1038/s41419-018-0935-9
https://doi.org/10.1634/theoncologist.2018-0221
https://doi.org/10.1056/NEJMoa1915745
https://doi.org/10.1200/JCO.19.01307
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1077468


Fontana, R. J., Watkins, P. B., Bonkovsky, H. L., Chalasani, N., Davern, T.,
Serrano, J., et al. (2009). Drug-induced liver injury network (DILIN) prospective
study: Rationale, design and conduct. Drug Saf. 32, 55–68. doi:10.2165/00002018-
200932010-00005

Fu, J., Li, W. Z., Mcgrath, N. A., Lai, C. W., Brar, G., Xiang, Y. Q., et al. (2021).
Immune checkpoint inhibitor associated hepatotoxicity in primary liver cancer
versus other cancers: A systematic review and meta-analysis. Front. Oncol. 11,
650292. doi:10.3389/fonc.2021.650292

Gauci, M. L., Baroudjian, B., Bederede, U., Zeboulon, C., Delyon, J., Allayous, C.,
et al. (2021). Severe immune-related hepatitis induced by immune checkpoint
inhibitors: Clinical features and management proposal. Clin. Res. Hepatol.
Gastroenterol. 45, 101491. doi:10.1016/j.clinre.2020.06.016

Gauci, M. L., Baroudjian, B., Zeboulon, C., Pages, C., Pote, N., Roux, O., et al.
(2018). Immune-related hepatitis with immunotherapy: Are corticosteroids always
needed? J. Hepatol. 69, 548–550. doi:10.1016/j.jhep.2018.03.034

Gudd, C. L. C., Au, L., Triantafyllou, E., Shum, B., Liu, T., Nathwani, R., et al.
(2021). Activation and transcriptional profile of monocytes and CD8(+) T cells are
altered in checkpoint inhibitor-related hepatitis. J. Hepatol. 75, 177–189. doi:10.
1016/j.jhep.2021.02.008

Gudd, C. L. C., and Possamai, L. A. (2022). The role of myeloid cells in
hepatotoxicity related to cancer immunotherapy. Cancers (Basel) 14, 1913.
doi:10.3390/cancers14081913

Haanen, J., Carbonnel, F., Robert, C., Kerr, K. M., Peters, S., Larkin, J., et al.
(2017). Management of toxicities from immunotherapy: ESMO clinical practice
guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 28, iv119–iv142.
doi:10.1093/annonc/mdx225

Hodi, F. S., Chiarion-Sileni, V., Gonzalez, R., Grob, J-J., Rutkowski, P., Cowey, C.
L., et al. (2018). Nivolumab plus ipilimumab or nivolumab alone versus ipilimumab
alone in advanced melanoma (CheckMate 067): 4-year outcomes of a multicentre,
randomised, phase 3 trial. Lancet Oncol. 19, 1480–1492. doi:10.1016/s1470-
2045(18)30700-9

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, 711–723. doi:10.1056/NEJMoa1003466

Hoofnagle, J. H., and Bjornsson, E. S. (2019). Drug-induced liver injury - types
and phenotypes. N. Engl. J. Med. 381, 264–273. doi:10.1056/NEJMra1816149

Horras, C. J., Lamb, C. L., and Mitchell, K. A. (2011). Regulation of hepatocyte
fate by interferon-γ. Cytokine Growth Factor Rev. 22, 35–43. doi:10.1016/j.cytogfr.
2011.01.001

Hsu, C., Marshall, J. L., and He, A. R. (2020). Workup and management of
immune-mediated hepatobiliary pancreatic toxicities that develop during immune
checkpoint inhibitor treatment. Oncologist 25, 105–111. doi:10.1634/theoncologist.
2018-0162

Huffman, B. M., Kottschade, L. A., Kamath, P. S., and Markovic, S. N. (2018).
Hepatotoxicity after immune checkpoint inhibitor therapy in melanoma: Natural
progression and management. Am. J. Clin. Oncol. 41, 760–765. doi:10.1097/COC.
0000000000000374

Imoto, K., Kohjima, M., Hioki, T., Kurashige, T., Kurokawa, M., Tashiro, S., et al.
(2019). Clinical features of liver injury induced by immune checkpoint inhibitors in
Japanese patients. Can. J. Gastroenterol. Hepatol. 2019, 6391712. doi:10.1155/2019/
6391712

Iwamoto, K., Ishitsuka, Y., Tanaka, R., Sekine, I., and Fujimoto, M. (2017).
Azathioprine combination therapy for steroid-refractory hepatic immune system-
related adverse events. Eur. J. Dermatol 27, 301–303. doi:10.1684/ejd.2017.2973

John, B., and Crispe, I. N. (2004). Passive and active mechanisms trap activated
CD8+ T cells in the liver. J. Immunol. 172, 5222–5229. doi:10.4049/jimmunol.172.9.
5222

Johncilla, M., Misdraji, J., Pratt, D. S., Agoston, A. T., Lauwers, G. Y., Srivastava,
A., et al. (2015). Ipilimumab-associated hepatitis: Clinicopathologic
characterization in a series of 11 cases. Am. J. Surg. Pathol. 39, 1075–1084.
doi:10.1097/PAS.0000000000000453

Johnson, D. B., Sullivan, R. J., Ott, P. A., Carlino, M. S., Khushalani, N. I., Ye, F.,
et al. (2016). Ipilimumab therapy in patients with advanced melanoma and
preexisting autoimmune disorders. JAMA Oncol. 2, 234–240. doi:10.1001/
jamaoncol.2015.4368

Kawakami, H., Tanizaki, J., Tanaka, K., Haratani, K., Hayashi, H., Takeda, M.,
et al. (2017). Imaging and clinicopathological features of nivolumab-related
cholangitis in patients with non-small cell lung cancer. Invest New Drugs 35,
529–536. doi:10.1007/s10637-017-0453-0

Kim, K. W., Ramaiya, N. H., Krajewski, K. M., Jagannathan, J. P., Tirumani, S. H.,
Srivastava, A., et al. (2013). Ipilimumab associated hepatitis: Imaging and clinicopathologic
findings. Invest New Drugs 31, 1071–1077. doi:10.1007/s10637-013-9939-6

Kitagataya, T., Suda, G., Nagashima, K., Katsurada, T., Yamamoto, K., Kimura,
M., et al. (2020). Prevalence, clinical course, and predictive factors of immune
checkpoint inhibitor monotherapy-associated hepatitis in Japan. J. Gastroenterol.
Hepatol. 35, 1782–1788. doi:10.1111/jgh.15041

Kleiner, D. E., and Berman, D. (2012). Pathologic changes in ipilimumab-related
hepatitis in patients with metastatic melanoma. Dig. Dis. Sci. 57, 2233–2240. doi:10.
1007/s10620-012-2140-5

Kotanides, H., Li, Y., Malabunga,M., Carpenito, C., Eastman, S.W., Shen, Y., et al.
(2020). Bispecific targeting of PD-1 and PD-L1 enhances T-cell activation and
antitumor immunity. Cancer Immunol. Res. 8, 1300–1310. doi:10.1158/2326-6066.
CIR-20-0304

Kroner, P. T., Mody, K., and Farraye, F. A. (2019). Immune checkpoint inhibitor-
related luminal GI adverse events. Gastrointest. Endosc. 90, 881–892. doi:10.1016/j.
gie.2019.09.009

Li, M., Wong, D., Vogel, A. S., Sack, J. S., Rahma, O. E., Hodi, F. S., et al. (2022).
Effect of corticosteroid dosing on outcomes in high-grade immune checkpoint
inhibitor hepatitis. Hepatology 75, 531–540. doi:10.1002/hep.32215

Long, G. V., Atkinson, V., Cebon, J. S., Jameson, M. B., Fitzharris, B. M., Mcneil,
C. M., et al. (2017). Standard-dose pembrolizumab in combination with reduced-
dose ipilimumab for patients with advanced melanoma (KEYNOTE-029): An
open-label, phase 1b trial. Lancet Oncol. 18, 1202–1210. doi:10.1016/s1470-
2045(17)30428-x

Makarova-Rusher, O. V., Medina-Echeverz, J., Duffy, A. G., and Greten, T. F.
(2015). The yin and yang of evasion and immune activation in HCC. J. Hepatol. 62,
1420–1429. doi:10.1016/j.jhep.2015.02.038

Matsubara, T., Nishida, T., Higaki, Y., Tomita, R., Shimakoshi, H., Shimoda, A.,
et al. (2018). Nivolumab induces sustained liver injury in a patient with malignant
melanoma. Intern Med. 57, 1789–1792. doi:10.2169/internalmedicine.9851-17

Mcguire, H. M., Shklovskaya, E., Edwards, J., Trevillian, P. R., Mccaughan, G. W.,
Bertolino, P., et al. (2018). Anti-PD-1-induced high-grade hepatitis associated with
corticosteroid-resistant T cells: A case report. Cancer Immunol. Immunother. 67,
563–573. doi:10.1007/s00262-017-2107-7

Mcilwaine, S., Cullen, A., Stratton, L., Oladipo, B., Cash, J., Carser, J., et al. (2022).
The use of tacrolimus in the management of checkpoint inhibitor immunotherapy-
induced hepatitis. J. R. Coll. Physicians Edinb. 52, 20–23. doi:10.1177/
14782715221088911

Mehal, W. Z., Juedes, A. E., and Crispe, I. N. (1999). Selective retention of
activated CD8+ T cells by the normal liver. J. Immunol. 163, 3202–3210. doi:10.
4049/jimmunol.163.6.3202

Michot, J. M., Bigenwald, C., Champiat, S., Collins, M., Carbonnel, F., Postel-
Vinay, S., et al. (2016). Immune-related adverse events with immune checkpoint
blockade: A comprehensive review. Eur. J. Cancer 54, 139–148. doi:10.1016/j.ejca.
2015.11.016

Migden, M. R., Khushalani, N. I., Chang, A. L. S., Lewis, K. D., Schmults, C. D.,
Hernandez-Aya, L., et al. (2020). Cemiplimab in locally advanced cutaneous
squamous cell carcinoma: Results from an open-label, phase 2, single-arm trial.
Lancet Oncol. 21, 294–305. doi:10.1016/s1470-2045(19)30728-4

Miller, E. D., Abu-Sbeih, H., Styskel, B., Nogueras Gonzalez, G. M., Blechacz, B.,
Naing, A., et al. (2020). Clinical characteristics and adverse impact of hepatotoxicity
due to immune checkpoint inhibitors. Am. J. Gastroenterol. 115, 251–261. doi:10.
14309/ajg.0000000000000398

Mizuno, K., Ito, T., Ishigami, M., Ishizu, Y., Kuzuya, T., Honda, T., et al. (2020).
Real world data of liver injury induced by immune checkpoint inhibitors in
Japanese patients with advanced malignancies. J. Gastroenterol. 55, 653–661.
doi:10.1007/s00535-020-01677-9

Motomura, D., Baetz, T., Grin, A., and Flemming, J. A. (2020). Severe refractory
checkpoint inhibitor-related hepatitis reversed with anti-thymocyte globulin and
n-acetylcysteine. Hepatology 72, 2235–2238. doi:10.1002/hep.31396

Murray, D. A., and Crispe, I. N. (2004). TNF-A controls intrahepatic T cell
apoptosis and peripheral T cell numbers. J. Immunol. 173, 2402–2409. doi:10.4049/
jimmunol.173.4.2402

Nishijima, T. F., Muss, H. B., Shachar, S. S., and Moschos, S. J. (2016).
Comparison of efficacy of immune checkpoint inhibitors (ICIs) between
younger and older patients: A systematic review and meta-analysis. Cancer
Treat. Rev. 45, 30–37. doi:10.1016/j.ctrv.2016.02.006

Onishi, S., Tajika, M., Bando, H., Matsubara, Y., Hosoda, W., Muro, K., et al.
(2020). Ursodeoxycholic acid and bezafibrate were useful for steroid-refractory,
immune-related hepatitis: A case report. J. Med. Case Rep. 14, 230. doi:10.1186/
s13256-020-02541-3

Pan, J. J., and Razumilava, N. (2022). Corticosteroids for high-grade immune
checkpoint inhibitor-mediated hepatitis: Is less more? Hepatology 75, 508–510.
doi:10.1002/hep.32330

Frontiers in Pharmacology frontiersin.org15

Liu et al. 10.3389/fphar.2022.1077468

https://doi.org/10.2165/00002018-200932010-00005
https://doi.org/10.2165/00002018-200932010-00005
https://doi.org/10.3389/fonc.2021.650292
https://doi.org/10.1016/j.clinre.2020.06.016
https://doi.org/10.1016/j.jhep.2018.03.034
https://doi.org/10.1016/j.jhep.2021.02.008
https://doi.org/10.1016/j.jhep.2021.02.008
https://doi.org/10.3390/cancers14081913
https://doi.org/10.1093/annonc/mdx225
https://doi.org/10.1016/s1470-2045(18)30700-9
https://doi.org/10.1016/s1470-2045(18)30700-9
https://doi.org/10.1056/NEJMoa1003466
https://doi.org/10.1056/NEJMra1816149
https://doi.org/10.1016/j.cytogfr.2011.01.001
https://doi.org/10.1016/j.cytogfr.2011.01.001
https://doi.org/10.1634/theoncologist.2018-0162
https://doi.org/10.1634/theoncologist.2018-0162
https://doi.org/10.1097/COC.0000000000000374
https://doi.org/10.1097/COC.0000000000000374
https://doi.org/10.1155/2019/6391712
https://doi.org/10.1155/2019/6391712
https://doi.org/10.1684/ejd.2017.2973
https://doi.org/10.4049/jimmunol.172.9.5222
https://doi.org/10.4049/jimmunol.172.9.5222
https://doi.org/10.1097/PAS.0000000000000453
https://doi.org/10.1001/jamaoncol.2015.4368
https://doi.org/10.1001/jamaoncol.2015.4368
https://doi.org/10.1007/s10637-017-0453-0
https://doi.org/10.1007/s10637-013-9939-6
https://doi.org/10.1111/jgh.15041
https://doi.org/10.1007/s10620-012-2140-5
https://doi.org/10.1007/s10620-012-2140-5
https://doi.org/10.1158/2326-6066.CIR-20-0304
https://doi.org/10.1158/2326-6066.CIR-20-0304
https://doi.org/10.1016/j.gie.2019.09.009
https://doi.org/10.1016/j.gie.2019.09.009
https://doi.org/10.1002/hep.32215
https://doi.org/10.1016/s1470-2045(17)30428-x
https://doi.org/10.1016/s1470-2045(17)30428-x
https://doi.org/10.1016/j.jhep.2015.02.038
https://doi.org/10.2169/internalmedicine.9851-17
https://doi.org/10.1007/s00262-017-2107-7
https://doi.org/10.1177/14782715221088911
https://doi.org/10.1177/14782715221088911
https://doi.org/10.4049/jimmunol.163.6.3202
https://doi.org/10.4049/jimmunol.163.6.3202
https://doi.org/10.1016/j.ejca.2015.11.016
https://doi.org/10.1016/j.ejca.2015.11.016
https://doi.org/10.1016/s1470-2045(19)30728-4
https://doi.org/10.14309/ajg.0000000000000398
https://doi.org/10.14309/ajg.0000000000000398
https://doi.org/10.1007/s00535-020-01677-9
https://doi.org/10.1002/hep.31396
https://doi.org/10.4049/jimmunol.173.4.2402
https://doi.org/10.4049/jimmunol.173.4.2402
https://doi.org/10.1016/j.ctrv.2016.02.006
https://doi.org/10.1186/s13256-020-02541-3
https://doi.org/10.1186/s13256-020-02541-3
https://doi.org/10.1002/hep.32330
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1077468


Patrinely, J. R., Jr., Mcguigan, B., Chandra, S., Fenton, S. E., Chowdhary, A.,
Kennedy, L. B., et al. (2021). A multicenter characterization of hepatitis associated
with immune checkpoint inhibitors. Oncoimmunology 10, 1875639. doi:10.1080/
2162402X.2021.1875639

Paz-Ares, L. G., Ramalingam, S. S., Ciuleanu, T. E., Lee, J. S., Urban, L., Caro, R. B.,
et al. (2022). First-line nivolumab plus ipilimumab in advanced NSCLC: 4-Year
outcomes from the randomized, open-label, phase 3 CheckMate 227 Part 1 trial.
J. Thorac. Oncol. 17, 289–308. doi:10.1016/j.jtho.2021.09.010

Peeraphatdit, T. B., Wang, J., Odenwald, M. A., Hu, S., Hart, J., and Charlton, M.
R. (2020). Hepatotoxicity from immune checkpoint inhibitors: A systematic review
and management recommendation. Hepatology 72, 315–329. doi:10.1002/hep.
31227

Personeni, N., Pressiani, T., D’alessio, A., Prete, M. G., Bozzarelli, S., Terracciano,
L., et al. (2021). Hepatotoxicity in patients with hepatocellular carcinoma on
treatment with immune checkpoint inhibitors. Cancers (Basel) 13, 5665. doi:10.
3390/cancers13225665

Powles, T., Van Der Heijden, M. S., Castellano, D., Galsky, M. D., Loriot, Y.,
Petrylak, D. P., et al. (2020). Durvalumab alone and durvalumab plus
tremelimumab versus chemotherapy in previously untreated patients with
unresectable, locally advanced or metastatic urothelial carcinoma (DANUBE): A
randomised, open-label, multicentre, phase 3 trial. Lancet Oncol. 21, 1574–1588.
doi:10.1016/s1470-2045(20)30541-6

Qin, S., Xu, L., Yi, M., Yu, S., Wu, K., and Luo, S. (2019). Novel immune
checkpoint targets: Moving beyond PD-1 and CTLA-4.Mol. Cancer 18, 155. doi:10.
1186/s12943-019-1091-2

Quach, H. T., Dewan, A. K., Davis, E. J., Ancell, K. K., Fan, R., Ye, F., et al. (2019).
Association of anti-programmed cell death 1 cutaneous toxic effects with outcomes
in patients with advanced melanoma. JAMA Oncol. 5, 906–908. doi:10.1001/
jamaoncol.2019.0046

Reck, M., Bondarenko, I., Luft, A., Serwatowski, P., Barlesi, F., Chacko, R., et al.
(2013). Ipilimumab in combination with paclitaxel and carboplatin as first-line
therapy in extensive-disease-small-cell lung cancer: Results from a randomized,
double-blind, multicenter phase 2 trial. Ann. Oncol. 24, 75–83. doi:10.1093/annonc/
mds213

Regev, A., Avigan, M. I., Kiazand, A., Vierling, J. M., Lewis, J. H., Omokaro, S. O.,
et al. (2020). Best practices for detection, assessment and management of suspected
immune-mediated liver injury caused by immune checkpoint inhibitors during
drug development. J. Autoimmun. 114, 102514. doi:10.1016/j.jaut.2020.102514

Regev, A., Seeff, L. B., Merz, M., Ormarsdottir, S., Aithal, G. P., Gallivan, J., et al.
(2014). Causality assessment for suspected DILI during clinical phases of drug
development. Drug Saf. 37 (1), S47–S56. doi:10.1007/s40264-014-0185-4

Riaz, N., Havel, J. J., Makarov, V., Desrichard, A., Urba, W. J., Sims, J. S., et al.
(2017). Tumor and microenvironment evolution during immunotherapy with
nivolumab. Cell 171, 934–949. doi:10.1016/j.cell.2017.09.028

Ricart, A. D. (2017). Drug-induced liver injury in Oncology. Ann. Oncol. 28,
2013–2020. doi:10.1093/annonc/mdx158

Riveiro-Barciela, M., Barreira-Diaz, A., Callejo-Perez, A., Munoz-Couselo, E.,
Diaz-Mejia, N., Diaz-Gonzalez, A., et al. (2022). Retreatment with immune
checkpoint inhibitors after a severe immune-related hepatitis: Results from a
prospective multicenter study. Clin. Gastroenterol. Hepatol. 1, 1. doi:10.1016/j.
cgh.2022.03.050

Riveiro-Barciela, M., Barreira-Diaz, A., Vidal-Gonzalez, J., Munoz-Couselo, E.,
Martinez-Valle, F., Viladomiu, L., et al. (2020). Immune-related hepatitis related to
checkpoint inhibitors: Clinical and prognostic factors. Liver Int. 40, 1906–1916.
doi:10.1111/liv.14489

Riveiro-Barciela, M., Munoz-Couselo, E., Fernandez-Sojo, J., Diaz-Mejia, N.,
Parra-Lopez, R., and Buti, M. (2019). Acute liver failure due to immune-mediated
hepatitis successfully managed with plasma exchange: New settings call for new
treatment strategies? J. Hepatol. 70, 564–566. doi:10.1016/j.jhep.2018.10.020

Robert, C., Schachter, J., Long, G. V., Arance, A., Grob, J. J., Mortier, L., et al.
(2015). Pembrolizumab versus ipilimumab in advanced melanoma. N. Engl. J. Med.
372, 2521–2532. doi:10.1056/NEJMoa1503093

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

Sawada, K., Hayashi, H., Nakajima, S., Hasebe, T., Fujiya, M., and Okumura, T.
(2020). Non-alcoholic fatty liver disease is a potential risk factor for liver injury
caused by immune checkpoint inhibitor. J. Gastroenterol. Hepatol. 35, 1042–1048.
doi:10.1111/jgh.14889

Schneider, B. J., Naidoo, J., Santomasso, B. D., Lacchetti, C., Adkins, S., Anadkat,
M., et al. (2021). Management of immune-related adverse events in patients treated
with immune checkpoint inhibitor therapy: ASCO guideline update. J. Clin. Oncol.
39, 4073–4126. doi:10.1200/JCO.21.01440

Sezer, A., Kilickap, S., Gümüş, M., Bondarenko, I., Özgüroğlu, M., Gogishvili, M.,
et al. (2021). Cemiplimab monotherapy for first-line treatment of advanced non-
small-cell lung cancer with PD-L1 of at least 50%: A multicentre, open-label, global,
phase 3, randomised, controlled trial. Lancet 397, 592–604. doi:10.1016/s0140-
6736(21)00228-2

Shantakumar, S., Landis, S., Lawton, A., and Hunt, C. M. (2016). Prevalence and
incidence of liver enzyme elevations in a pooled oncology clinical trial cohort. Regul.
Toxicol. Pharmacol. 77, 257–262. doi:10.1016/j.yrtph.2016.03.019

Spankuch, I., Gassenmaier, M., Tampouri, I., Noor, S., Forschner, A., Garbe, C.,
et al. (2017). Severe hepatitis under combined immunotherapy: Resolution under
corticosteroids plus anti-thymocyte immunoglobulins. Eur. J. Cancer 81, 203–205.
doi:10.1016/j.ejca.2017.05.018

Stroud, C. R., Hegde, A., Cherry, C., Naqash, A. R., Sharma, N., Addepalli, S., et al.
(2019). Tocilizumab for the management of immune mediated adverse events
secondary to PD-1 blockade. J. Oncol. Pharm. Pract. 25, 551–557. doi:10.1177/
1078155217745144

Tawbi, H. A., Schadendorf, D., Lipson, E. J., Ascierto, P. A., Matamala, L., Castillo
Gutierrez, E., et al. (2022). Relatlimab and nivolumab versus nivolumab in
untreated advanced melanoma. N. Engl. J. Med. 386, 24–34. doi:10.1056/
NEJMoa2109970

Tewari, K. S., Monk, B. J., Vergote, I., Miller, A., De Melo, A. C., Kim, H. S., et al.
(2022). Survival with cemiplimab in recurrent cervical cancer. N. Engl. J. Med. 386,
544–555. doi:10.1056/NEJMoa2112187

Thompson, J. A., Schneider, B. J., Brahmer, J., Andrews, S., Armand, P., Bhatia, S.,
et al. (2020). NCCN guidelines insights: Management of immunotherapy-related
toxicities, version 1.2020. J. Natl. Compr. Canc Netw. 18, 230–241. doi:10.6004/
jnccn.2020.0012

Touat, M., Maisonobe, T., Knauss, S., Ben Hadj Salem, O., Hervier, B., Aure, K.,
et al. (2018). Immune checkpoint inhibitor-related myositis and myocarditis in
patients with cancer. Neurology 91, e985–e994. doi:10.1212/WNL.
0000000000006124

Tsung, I., Dolan, R., Lao, C. D., Fecher, L., Riggenbach, K., Yeboah-Korang, A.,
et al. (2019). Liver injury is most commonly due to hepatic metastases rather than
drug hepatotoxicity during pembrolizumab immunotherapy. Aliment. Pharmacol.
Ther. 50, 800–808. doi:10.1111/apt.15413

Valpione, S., Pasquali, S., Campana, L. G., Piccin, L., Mocellin, S., Pigozzo, J., et al.
(2018). Sex and interleukin-6 are prognostic factors for autoimmune toxicity
following treatment with anti-CTLA4 blockade. J. Transl. Med. 16, 94. doi:10.
1186/s12967-018-1467-x

Vanderlugt, C. L., and Miller, S. D. (2002). Epitope spreading in immune-
mediated diseases: Implications for immunotherapy. Nat. Rev. Immunol. 2,
85–95. doi:10.1038/nri724

Vignali, D. A., Collison, L. W., andWorkman, C. J. (2008). How regulatory T cells
work. Nat. Rev. Immunol. 8, 523–532. doi:10.1038/nri2343

Vozy, A., De Martin, E., Johnson, D. B., Lebrun-Vignes, B., Moslehi, J. J., and
Salem, J. E. (2019). Increased reporting of fatal hepatitis associated with immune
checkpoint inhibitors. Eur. J. Cancer 123, 112–115. doi:10.1016/j.ejca.2019.09.022

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, 1721–1728. doi:10.1001/
jamaoncol.2018.3923

Weber, J., Thompson, J. A., Hamid, O., Minor, D., Amin, A., Ron, I., et al.
(2009). A randomized, double-blind, placebo-controlled, phase II study
comparing the tolerability and efficacy of ipilimumab administered with or
without prophylactic budesonide in patients with unresectable stage III or IV
melanoma. Clin. Cancer Res. 15, 5591–5598. doi:10.1158/1078-0432.CCR-09-
1024

Wolchok, J. D., Chiarion-Sileni, V., Gonzalez, R., Grob, J. J., Rutkowski, P., Lao, C.
D., et al. (2022). Long-Term outcomes with nivolumab plus ipilimumab or
nivolumab alone versus ipilimumab in patients with advanced melanoma.
J. Clin. Oncol. 40, 127–137. doi:10.1200/JCO.21.02229

Wolchok, J. D., Chiarion-Sileni, V., Gonzalez, R., Rutkowski, P., Grob, J. J.,
Cowey, C. L., et al. (2017). Overall survival with combined nivolumab and
ipilimumab in advanced melanoma. N. Engl. J. Med. 377, 1345–1356. doi:10.
1056/NEJMoa1709684

Wolchok, J. D., Neyns, B., Linette, G., Negrier, S., Lutzky, J., Thomas, L., et al.
(2010). Ipilimumab monotherapy in patients with pretreated advanced melanoma:
A randomised, double-blind, multicentre, phase 2, dose-ranging study. Lancet
Oncol. 11, 155–164. doi:10.1016/s1470-2045(09)70334-1

Yamamoto, A., Yano, Y., Ueda, Y., Yasutomi, E., Hatazawa, Y., Hayashi, H., et al.
(2021). Clinical features of immune-mediated hepatotoxicity induced by immune
checkpoint inhibitors in patients with cancers. J. Cancer Res. Clin. Oncol. 147,
1747–1756. doi:10.1007/s00432-020-03448-8

Frontiers in Pharmacology frontiersin.org16

Liu et al. 10.3389/fphar.2022.1077468

https://doi.org/10.1080/2162402X.2021.1875639
https://doi.org/10.1080/2162402X.2021.1875639
https://doi.org/10.1016/j.jtho.2021.09.010
https://doi.org/10.1002/hep.31227
https://doi.org/10.1002/hep.31227
https://doi.org/10.3390/cancers13225665
https://doi.org/10.3390/cancers13225665
https://doi.org/10.1016/s1470-2045(20)30541-6
https://doi.org/10.1186/s12943-019-1091-2
https://doi.org/10.1186/s12943-019-1091-2
https://doi.org/10.1001/jamaoncol.2019.0046
https://doi.org/10.1001/jamaoncol.2019.0046
https://doi.org/10.1093/annonc/mds213
https://doi.org/10.1093/annonc/mds213
https://doi.org/10.1016/j.jaut.2020.102514
https://doi.org/10.1007/s40264-014-0185-4
https://doi.org/10.1016/j.cell.2017.09.028
https://doi.org/10.1093/annonc/mdx158
https://doi.org/10.1016/j.cgh.2022.03.050
https://doi.org/10.1016/j.cgh.2022.03.050
https://doi.org/10.1111/liv.14489
https://doi.org/10.1016/j.jhep.2018.10.020
https://doi.org/10.1056/NEJMoa1503093
https://doi.org/10.1016/j.jhep.2019.10.021
https://doi.org/10.1111/jgh.14889
https://doi.org/10.1200/JCO.21.01440
https://doi.org/10.1016/s0140-6736(21)00228-2
https://doi.org/10.1016/s0140-6736(21)00228-2
https://doi.org/10.1016/j.yrtph.2016.03.019
https://doi.org/10.1016/j.ejca.2017.05.018
https://doi.org/10.1177/1078155217745144
https://doi.org/10.1177/1078155217745144
https://doi.org/10.1056/NEJMoa2109970
https://doi.org/10.1056/NEJMoa2109970
https://doi.org/10.1056/NEJMoa2112187
https://doi.org/10.6004/jnccn.2020.0012
https://doi.org/10.6004/jnccn.2020.0012
https://doi.org/10.1212/WNL.0000000000006124
https://doi.org/10.1212/WNL.0000000000006124
https://doi.org/10.1111/apt.15413
https://doi.org/10.1186/s12967-018-1467-x
https://doi.org/10.1186/s12967-018-1467-x
https://doi.org/10.1038/nri724
https://doi.org/10.1038/nri2343
https://doi.org/10.1016/j.ejca.2019.09.022
https://doi.org/10.1001/jamaoncol.2018.3923
https://doi.org/10.1001/jamaoncol.2018.3923
https://doi.org/10.1158/1078-0432.CCR-09-1024
https://doi.org/10.1158/1078-0432.CCR-09-1024
https://doi.org/10.1200/JCO.21.02229
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1016/s1470-2045(09)70334-1
https://doi.org/10.1007/s00432-020-03448-8
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1077468


Yang, H., Yao, Z., Zhou, X., Zhang,W., Zhang, X., and Zhang, F. (2020). Immune-
related adverse events of checkpoint inhibitors: Insights into immunological
dysregulation. Clin. Immunol. 213, 108377. doi:10.1016/j.clim.2020.108377

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. JAMAOncol. 6, e204564. doi:10.1001/jamaoncol.2020.4564

Zen, Y., and Yeh, M. M. (2018). Hepatotoxicity of immune checkpoint inhibitors: A
histology study of seven cases in comparison with autoimmune hepatitis and idiosyncratic
drug-induced liver injury. Mod. Pathol. 31, 965–973. doi:10.1038/s41379-018-0013-y

Zhang, D., Hart, J., Ding, X., Zhang, X., Feely, M., Yassan, L., et al. (2020).
Histologic patterns of liver injury induced by anti-PD-1 therapy. Gastroenterol.
Rep. (Oxf). 8, 50–55. doi:10.1093/gastro/goz044

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, 940–952. doi:10.1016/s1470-2045(18)
30351-6

Ziemer, M., Koukoulioti, E., Beyer, S., Simon, J. C., and Berg, T. (2017).
Managing immune checkpoint-inhibitor-induced severe autoimmune-like
hepatitis by liver-directed topical steroids. J. Hepatol. 66, 657–659. doi:10.
1016/j.jhep.2016.11.015

Ziogas, D. C., Gkoufa, A., Cholongitas, E., Diamantopoulos, P., Anastasopoulou,
A., Ascierto, P. A., et al. (2020). When steroids are not enough in immune-related
hepatitis: Current clinical challenges discussed on the basis of a case report.
J. Immunother. Cancer 8, e001322. doi:10.1136/jitc-2020-001322

Frontiers in Pharmacology frontiersin.org17

Liu et al. 10.3389/fphar.2022.1077468

https://doi.org/10.1016/j.clim.2020.108377
https://doi.org/10.1001/jamaoncol.2020.4564
https://doi.org/10.1038/s41379-018-0013-y
https://doi.org/10.1093/gastro/goz044
https://doi.org/10.1016/s1470-2045(18)30351-6
https://doi.org/10.1016/s1470-2045(18)30351-6
https://doi.org/10.1016/j.jhep.2016.11.015
https://doi.org/10.1016/j.jhep.2016.11.015
https://doi.org/10.1136/jitc-2020-001322
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2022.1077468

	Immune-mediated hepatitis induced by immune checkpoint inhibitors: Current updates and future perspectives
	Introduction
	Underlying mechanisms of IMH
	Incidence
	Risk factors
	Therapeutic strategy
	Chronic liver diseases
	Other factors

	Diagnosis
	Differential diagnosis
	Pathologic diagnosis
	Grading criterion

	Management
	Corticosteroids
	Refractory IMH to steroid
	Withhold and resume ICIs

	Prognosis
	Future prospectives
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


