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Abstract

Immune checkpoint inhibitors (ICIs) suppress the func-
tion of immune checkpoints, which are involved in down-
regulating immune responses. These lead to an increased 
activation of the function of T cells, increased release of 
cytokines, and decreased activity of regulatory T cells. 
This allows for a more significant and less regulated im-
mune response and subsequent enhanced cytotoxic activity 
against cancer cells. A number of cancers are now being 
treated with these agents and this increased use has re-
sulted in more reports of toxicity. While almost every organ 
can be affected, the skin, gastrointestinal tract, liver, and 
endocrine glands are most commonly involved. It is neces-
sary that gastroenterologists and hepatologists familiarize 
themselves with diagnostic steps and management plan in 
patients with these undesirable outcomes. When assessing 
for possible ICIs induced hepatotoxicity, it is of utmost im-
portance to use a formal scoring system such as the Rous-
sel Uclaf causality assessment method (RUCAM) to assess 
for risk factors, alternative causes, and response to cessa-
tion and re-exposure of a given drug. While this review is 
based on studies with and without RUCAM, the conclusions 
were carefully established mainly from studies that used 
RUCAM. The aim of this review is to provide information 
on the epidemiology, risk factors, clinical presentation, di-
agnostic tools, and management plan based on the most 
recent studies of immunotherapy-induced hepatotoxicity.
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Introduction

In the past decade, the use of immune checkpoint inhibi-

tors (ICIs) has been increasing because of their promis-
ing outcomes in treatment of several types of advanced 
malignancies compared with chemotherapy.1 They work 
by enhancing host antitumor activity by blocking immune 
checkpoints, which in turn leads to a series of steps at a 
cellular level that promote proinflammatory events. There 
are three main classes of ICIs, anti-programmed cell death 
receptor-1 (PD-1) antibody, anti-programmed cell death li-
gand-1 (PDL-1) antibody, and anti-cytotoxic T-lymphocyte-
associated molecule-4 (CTL-4) antibody. All three classes 
block the inhibitory effects that immune checkpoints exert 
on the immune system and consequently allow for a less 
regulated and increased immune response from a variety 
of immune cells.

Unfortunately, the overactive immune response may re-
sult in some immune-related adverse events.2,3 The skin, 
endocrine, respiratory, and the gastrointestinal organs are 
the most commonly affected. PD-1 and PD-L1 inhibitors 
are mostly associated with fatigue, rash, hypothyroidism, 
pneumonitis, and colitis.3,4 Cutaneous adverse effects have 
been described as a very common immune side effect of 
anti-CTL-4 followed by colitis and hypophysitis. However, 
hepatitis is an important side effect of all three classes of 
ICIs, as its occurrence often leads to the discontinuation of 
therapy and might require treatment.5

Immunotherapy-induced hepatotoxicity can range from 
mild elevation of liver aminotransferases to rarely, fulminant 
liver failure.6 The reported incidence of immunotherapy-in-
duced hepatitis varies widely, with most clinical trials re-
porting a low rate around 5.8%.7 However, some retrospec-
tive studies report higher rates of that adverse effect, up to 
64%.8 Moreover, the management of hepatotoxicity recom-
mended by various societies differs among professional so-
cieties, and some studies have suggested approaches that 
diverge from the guidelines.9–11 This review aims to present 
the most current data on epidemiology, pathophysiology, 
clinical presentation, diagnostic tools, and options for man-
agement of immunotherapy-induced hepatotoxicity.

ICIs

Mechanisms of action, clinical indications, and com-
mon adverse events

Immune checkpoints are molecules that have an important 
role in the regulation of the immune system. Their func-
tion involves the attenuation of T cell activation to particular 
antigens and allow for prevention of exacerbated immune 
response and autoimmunity. The process entails recurrent 
exposure to antigens and consequent decrease in proin-
flammatory cytokine production, loss of cytotoxic activity, 
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and decrease in proliferative potential and increased apop-
totic activity.12 ICIs are monoclonal antibodies that target 
immune checkpoint molecules and are an evolving therapy 
for late-stage malignant tumors, particularly metastatic 
melanoma, non-small cell lung cancer (NSCLC), renal cell 
cancer (RCC), and hepatocellular carcinoma (HCC). The in-
hibition of immune checkpoints by these agents results in 
an increased in T cell-specific immune response and con-
sequent antitumor activity.12 There are three main immu-
nological targeting immune checkpoint molecules including, 
PD-1, PDL-1, and CTL-4. Ipilimumab (an anti-CTLA-4 anti-
body) has been approved by the Federal Drug Administra-
tion (FDA) for the treatment of melanoma, certain subtypes 
of colorectal cancer, metastatic NSCLC, HCC, and RCC.13 
Pembrolizumab (an anti-PD-1 antibody) is used in patients 
with advanced melanoma, NSCLC, head and neck squa-
mous cell cancer, HCC, classical Hodgkin lymphoma, medi-
astinal large B-cell lymphoma, urothelial carcinoma, micro-
satellite instability-high or deficient mismatch repair cancer, 
gastric cancer, cervical cancer, Merkel-cell carcinoma, RCC. 
Nivolumab (an anti-PD-1 antibody) is used in the treatment 
of melanoma, NSCLC, small-cell lung cancer, RCC, classical 
Hodgkin lymphoma, squamous cell carcinoma of the head 
and neck, urothelial carcinoma, microsatellite instability-
high, deficient mismatch repair colorectal cancer, or HCC.14–
21 Atezolizumab and durvalumab (anti-PDL-1 antibodies) 
are both used in the treatment of NSCLC and urothelial 
carcinoma. Avelumab (an anti-PDL-1 antibody) is used for 
Merkel-cell carcinoma and urothelial carcinoma.22–25 Figure 
1 shows the currently approved ICIs.

In a retrospective study by Bajwa et al.,26 the most com-
mon toxicities associated with ICIs were type 1 diabetes 
(22/139), acute kidney injury (16/139), colitis (14/139), 
adrenocorticotropic hormone insufficiency (12/139), hepa-
titis (11/139), myocarditis (10/139), and hypothyroidism 
(7/139). The mean age of patients presenting with hepatitis 
was 62 years. Nivolumab was most commonly associated 
with gastrointestinal toxicities, but a similar frequency of 
hepatotoxicity was observed in patients taking pembroli-

zumab and nivolumab. Unfortunately, there was no analysis 
of male to female ratio or other subgroup analysis.

Pathophysiology

Side effects of ICIs are often related to disproportionate and 
unregulated immune responses, as seen in autoimmune 
diseases. That in turn leads to organ damage that may in-
clude direct and indirect immune-related cytotoxic effects. 
PDL-1 is a transmembrane protein expressed in several tis-
sues and tumors. Its role is to protect cells from attack by 
CD8+ cytotoxic T lymphocytes. PDL-1 binds to PD-1 which 
is found in T cells, B cells, and myeloid cells and regulates 
its inhibition. Blockage of PDL-1/PD-1 pathway thus induces 
cytotoxic activity and confers an immune response toward 
cancer cells, but also tissue damage through autoimmune 
responses.27–29 Moreover, ICIs can also change the proper-
ties of CD8+ T cells and make them more prone to undergo 
synthesis of cytotoxic substances such as interferon gam-
ma (IFN-γ), granzyme, and granulysin.30 Similarly, CTLA-4 
is a receptor located on surfaces of regulatory T cells and 
activated T cells. After binding to CD80 or CD86 on the 
surface of antigen presenting cells, it acts as an off switch 
through inhibitory signals leading to attenuation of T cells 
function.28,30 Inhibiting this receptor thus allows for T cell 
hyperresponsiveness.

Although the mechanism of hepatotoxicity involves an 
autoimmune process that is a consequence of the inhibition 
of downregulating mechanisms of the immune system itself, 
there are differences compared with autoimmune hepatitis 
(AIH). AIH involves development of specific antibodies that 
target the liver, whereas in hepatitis associated with ICIs the 
antibodies are not usually present. Cytotoxic injury from ac-
tivated and unregulated T cells is thought to be the main 
mechanism of liver damage. Riveiro-Barciela et al.31 studied 
the two diseases and found that there was no statistically 
significant difference in clinical presentation in most cases, 

Fig. 1.  Immune checkpoint inhibitors and their indications. dMMR CC, deficient mismatch repair deficiency colon cancer; HCC, hepatocellular carcinoma; MSI-H, 
microsatellite instability-high; NSCLC, non-small-cell lung cancer; RCC, renal cell carcinoma; SCC, squamous cell carcinoma.
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but there was a statistically significant higher incidence in 
the presence of liver autoantibodies (anti-nuclear antibodies, 
perinuclear anti-neutrophil cytoplasmic antibodies and anti-
smooth muscle antibodies) in AIH compared with ICI-related 
hepatoxicity. Figure 2 illustrates the mechanisms of action of 
different ICIs and provides a simple overview of the patho-
physiology of immunotherapy-induced hepatotoxicity.

Grading of liver toxicity

Most studies use the Common Terminology Criteria for Ad-
verse Events (CTCAE) for the grading of liver toxicity.8,9,22–34 
A few use the Drug-Induced Liver Injury Network (DILIN) 
criteria.35–37

Table 1 provides an overview of the grading of hepatotox-
icity according to both criteria.

Epidemiology

Clinical trials

In a study of 131 patients who were treated with ipilimumab 
monotherapy for metastatic melanoma, only two (1.5%) 
developed elevated alanine aminotransferase (ALT) and one 
(0.8%) had elevated aspartate aminotransferase (AST).38 

None of the patients had grade 3 or higher elevation of ami-
notransferases. In a randomized, controlled phase 3 study 
of 834 patients with advanced melanoma, patients were di-
vided into three groups at a 1:1:1 ratio to receive pembroli-
zumab (10 mg/kg) every 2 weeks, or every 3 weeks, or four 
doses of ipilimumab every 3 weeks (3 mg/kg).4 Hepatitis oc-
curred in 1.1%, 1.8%, and 1.2% of the patients, respective-
ly. All patients in the pembrolizumab group had grade 3 to 5 
hepatitis compared with only 0.4% in the ipilimumab group, 
based on the CTCAE grading system (Table 1). There were no 
significant differences in the demographic and disease char-
acteristics between the groups. However, the baseline liver 
tests prior to the treatment were not provided in this study.

Weber et al.39 compared adjuvant nivolumab (3 mg/kg 
every 2 weeks) and ipilimumab (10 mg/kg every 3 weeks) 
in patients with resected advanced melanoma. There were 
453 patients in each therapy group with no significant dif-
ference in demographic and clinical characteristics between 
the groups. ALT was elevated in 6.2% in the nivolumab 
group and 14.6% in the ipilimumab one. In addition, grade 
3–4 elevation of ALT was seen in 1.1% and 5.7% of pa-
tients, respectively, whereas that for AST was reported in 
0.4% and 4.2%, respectively. Resolution of liver injury oc-
curred within 3–6 weeks. Similar to previous studies, the 
authors did not report the baseline liver tests and whether 
other causes for hepatotoxicity had been ruled out. Anoth-
er study evaluated the use of pembrolizumab at different 
doses (either 2 mg or 10 mg/kg every 3 weeks or 10 mg/
kg every 2 weeks) for treatment of NSCLC in 495 patients.40 

Fig. 2.  Illustration of the mechanisms of action of immune checkpoint inhibitors and proposed mechanism of hepatotoxicity. APC, antigen presenting 
cell; PDL-1, programmed cell death ligand-1; TCR, toll-like receptor; PD-1, programmed cell death receptor-1, CTLA-4, cytotoxic T-lymphocyte-associated molecule-4.
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Fifteen patients (3%) had an elevated AST of any degree 
and three (0.6%) had grade 3 to 5 elevated AST. No dif-
ference was seen in the overall adverse effects among dif-
ferent therapy doses. However, the authors did not specify 
the AST levels corresponding to each treatment dose group. 
In a randomized, double-blind, phase 3 study 945 patients 
with advanced melanoma were assigned in a 1:1:1 ratio to 
treatment with nivolumab monotherapy (3 mg/kg every 2 
weeks), nivolumab plus ipilimumab (nivolumab 1 mg/kg 
every 3 weeks plus ipilimumab 3 mg/kg every 3 weeks for 
four doses, followed by nivolumab 3 mg/kg every 2 weeks for 
cycle 3 and beyond) or ipilimumab monotherapy (ipilimumab 
3 mg/kg every 3 weeks for four doses).15 Elevated ALT of 
any grade was observed in 3.8%, 17.6%, and 3.9%, with 
grade 3 or 4 elevated ALT in 1.3%, 8.3%, and 1.6%, respec-
tively. Moreover, elevated AST was seen in 3.8%, 15.3%, 
and 3.5%, with grade 3–4 elevated AST in 1%, 6.1% and 
0.6%, respectively. Resolution of liver injury occurred within 
4–7 weeks. Unfortunately, the article did not specify at which 
time during treatment the hepatotoxicity occurred.

A randomized cohort study evaluated 147 patients with 
recurrent small cell lung cancer treated with nivolumab 
3 mg/kg every 2 weeks or nivolumab 1 mg/kg plus ipili-
mumab 3 mg/kg every 3 weeks for four cycles followed by 
nivolumab 3 mg/kg every 2 weeks.41 Seven patients (4.8%) 
in the nivolumab monotherapy group had elevated AST of 
which two (1.4%) were grade 3–4. In this group, ALT was 
only increased in four patients (2.7%) and all were less than 
grade 3. Ten patients (10.4%) in the combination therapy 
group had any grade of elevated AST, with five patients 
(5.2%) graded as 3–4. In that group, ALT was elevated in 
nine patients (9.4%) with five (5.2%) having grade 3–4. Al-
though the authors reported that a total of 112 patients had 
liver metastasis, they did not correlate it with the occur-
rence of hepatotoxicity. A large systematic review by Chang 
et al.42 of phase 2 and 3 randomized clinical trials included 
a total of 5,051 patients. Their results showed that ipili-
mumab 3 mg/kg every 3 weeks conferred the lowest risk of 
hepatotoxicity compared with nivolumab and dual therapy. 

Furthermore, nivolumab 1 mg/kg every 3 weeks combined 
with ipilimumab 3 mg/kg every 3 weeks was associated 
with a higher risk of any increase or severe increase in ALT 
and severe increase in AST. Other studies have reported 
grade 3–4 hepatotoxicity with a frequency of 1.4–11%.7,8 
In a meta-analysis of 117 trials and 22,006 patients, 5.88% 
had elevated AST, 5.29% had elevated ALT, and only 1.21% 
had elevated bilirubin levels. The overall incidence of im-
munotherapy-related hepatitis was 1.24%, with 0.9% hav-
ing high-grade hepatitis. Other hepatic disorders included 
elevated alkaline phosphatase (3.19%), elevated gamma-
glutamyl transferase (1.85%) and hepatobiliary disorders 
(2.28%).7 The study had an adequate power given the large 
sample size. However, it analyzed independently published 
studies, which increased the risk of publication bias. Table 2 
summarizes the incidence of immunotherapy-induced hepa-
totoxicity of different trials according to each type of im-
mune checkpoint inhibitor.4,15,24,38–41,43–45

Another retrospective study evaluated 194 patients in 
two centers over the course of 3 years.8 Of the 194 pa-
tients, 125 (64.4%) developed hepatotoxicity. A total of 37 
(29.6%) patients were women and 88 (70.4%) were men. 
The incidence of hepatotoxicity decreased with advancing 
age, as 16 (80%) patients between 30 and 50 years of 
age had hepatotoxicity, compared with 72 (72%) of those 
between 50 and 70 years of age and 37 (50%) of those 
who were more than 70 years of age. The results were sta-
tistically significant, but there was no analysis of hepato-
toxicity according to the type of ICI administered. On the 
other hand, a retrospective study by Tsung et al.,35 found 
no statistically significant differences in the mean age of 
patients with ICI-induced liver injury compared with those 
without liver injury. However, the authors did not perform 
a subgroup analysis according to age group. In that study 
the overall incidence of liver injury was 14.3% (70 of 491 
patients treated with pembrolizumab). Importantly, only 20 
cases (28.6%) were adjudicated as probably related to ICI 
treatment based on the Roussel Uclaf causality assessment 
method (RUCAM). Another study evaluated 576 nivolum-

Table 1.  Grading of hepatotoxicity by the drug-induced liver injury network and common terminology criteria of adverse events

Grade Drug-induced liver injury network Common terminology criteria of adverse events

GRADE 1 AST and/or ALP levels are elevated; total serum 
bilirubin <2.5 mg/dL and no coagulopathy (INR <1.5)

ALT and/or AST > ULN - 3.0 × ULN; 1.5–3.0 × 
baseline if baseline was outside normal range.
ALP > ULN - 2.5 × ULN; 2.0–2.5 × baseline 
if baseline was outside normal range.
TBILI > ULN - 1.5 × ULN; > 1.0–1.5 × baseline 
if baseline was outside normal ranges.

GRADE 2 The AST and/or ALP levels are elevated; total 
serum bilirubin level ≥2.5 mg/dL or coagulopathy 
(INR ≥1.5) without elevated bilirubin

ALT and/or AST > 3.0–5.0 × ULN; > 3.0–5.0 × 
baseline if baseline was outside normal range.
ALP > 2.5–5.0 × ULN; > 2.5–5.0 × baseline 
if baseline was outside normal range.
TBILI > 1.5–3.0 × ULN; > 1.5–3.0 × baseline 
if baseline was outside normal range.

GRADE 3 the AST and/or ALP levels are elevated; total 
serum bilirubin level ≥2.5 mg/dL and prolonged 
hospitalization due to drug-induced liver injury

ALT and/or ALT > 5.0–20.0 × ULN; > 5.0–20.0 × 
baseline if baseline was outside normal range.
ALP > 5.0–20.0 × ULN; > 5.0–20.0 × baseline 
if baseline was outside normal range.
TBILI > 3.0–10.0 × ULN; > 3.0–10.0 × baseline 
if baseline was outside normal range.

GRADE 4 the AST and/or ALP levels are elevated; total serum 
bilirubin level ≥2.5 mg/dL and one of the following: 
signs of hepatic decompensation (INR ≥1.5, 
ascites, encephalopathy), or other organ failure

ALT and/or ALT > 20.0 × ULN; > 20.0 × baseline 
if baseline was outside normal range.
ALP > 20.0 × ULN; > 20.0 × baseline if 
baseline was outside normal range.
TBILI > 10.0 × ULN; > 10.0 × baseline if 
baseline was outside normal range.

AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; ULN, upper limit of normal; TBILI, total bilirubin.
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ab-treated patients, of whom, 71% experienced therapy 
related adverse events. While up to 2.8% of patients had 
elevated AST, hepatitis was only seen in 0.2% of the pa-
tients and was regarded as grade 3–4 following the CTCAE 
(Table 1).33 Unfortunately there was no subgroup analysis 

of the patients that developed hepatotoxicity. An incidence 
of 4.6% of immunotherapy-related hepatotoxicity (21 of 
453 patients) was reported in another retrospective study.9

Significant differences in the reported incidence rates of 
ICI-induced hepatotoxicity in various studies may be the re-

Table 2.  Incidence of hepatotoxicity according to different treatment regimens with immune check point inhibitors reported by different studies

Therapy Author
Pa-
tients, 
n

Therapy dose
Elevated AST, n (%) Elevated ALT, n (%)

All 
grades

Grade 
3 or >

All 
grades Grade 3 or >

Ipilimumab Hodi et 
al.38

131 3 mg/kg every 3 weeks 
for four doses

1 (0.8) 0 (0) 2 (1.5) 0 (0)

Robert 
et al.4

256 3 mg/kg every 3 weeks 6 (2.3) 2 (0.8) 9 (3.5) 2 (0.8)

Weber 
et al.38

453 10 mg/kg every 3 weeks 60 (13.2) 19 (4.2) 66 
(14.6)

26 (5.7)

Larkin 
et al.15

311 3 mg/kg every 3 weeks 
for four doses

11 (3.5) 2 (0.6) 12 
(3.9)

5 (1.6)

Nivolumab Weber 
et al.38

452 3 mg/kg every 2 weeks 25 (5.5) 2 (0.4) 28 
(6.2)

5 (1.1)

Larkin 
et al.15

313 3 mg/kg every 2 weeks 12 (3.8) 3 (1.0) 12 
(3.8)

4 (1.3)

Ready 
et al.41

147 3 mg/kg every 2 weeks 7 (4.8) 2 (1.4) 4 (2.7) 0

Motzer 
et al.43

59 0.3 mg/kg every 3 weeks 2 (3) 1 (2) 2 (3) 1 (2)

Motzer 
et al.43

54 2 mg/kg every 3 weeks 4 (7) 1 (2) 2 (4) 1 (2)

Motzer 
et al.43

54 10 mg/kg every 3 weeks 2 (4) 0 (0) 3 (6) 0 (0)

Pembrolizumab Robert 
et al.4

278 10 mg/kg every 2 weeks 14 (5) 0 (0) 12 
(4.3)

0 (0)

Robert 
et al.4

277 10 mg/kg every 3 weeks 6 (2.2) 1 (0.4) 4 (1.4) 1 (0.4)

Garon 
et al.40

495 10 mg/kg every 3 weeks or 
10 mg/kg every 2 weeks

Andre 
et al.24

153 200 mg every 3 weeks 24 (16) 4 (3) 22 (14) 4 (3)

Nivolumab plus 
ipilimumab

Larkin 
et al.15

313 1 mg nivolumab/kg every 3 
weeks plus 3 mg ipilimumab/
kg every 3 weeks for four 
doses, followed by 3 mg 
nivolumab/kg every 2 weeks 
for cycle 3 and beyond

48 (15.3) 19 (6.1) 55 
(17.6)

26 (8.3)

Ready 
et al.41

96 Nivolumab 1 mg/kg plus 
ipilimumab 3 mg/kg every 
3 weeks for four cycles 
followed by nivolumab 3 
mg/kg every 2 weeks

10 (10.4) 5 (5.2) 9 (9.4) 5 (5.2)

Pembrolizumab 
plus 
Ipilimumab

Long et 
al.44

153 Pembrolizumab 2 mg/kg plus 
ipilimumab 1 mg/kg every 
3 weeks for four doses, 
followed by pembrolizumab 
2 mg/kg every 3 weeks 
for up to 2 years

17 (11) 0 (0) 15 (10) 3 (2)

Boyer 
et al.45

282 Pembrolizumab 200 mg 
every 3 weeks for up to 
35 doses plus ipilimumab 
1 mg/kg every 6 weeks 
for up to 18 doses

36 (12.8) 5 (1.8) 32 
(11.3)

9 (3.2)
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sult of two main factors. The first is the type of ICI therapy 
being studied. As mentioned previously, some studies only 
analyzed patients who were treated with an anti-PD-1,35 
while others included all therapies and did not report in-
cidence rates according to the type of therapy.8 The sec-
ond factor is how hepatotoxicity was defined in different 
studies. For example, some studies used DILIN study crite-
ria35,36 and others defined the hepatotoxicity based on the 
CTCAE,8,9,22,33,34 which provides different grading numbers 
according to the severity of liver injury. Some studies did 
not report any specific criteria for hepatotoxicity.7,46 Impor-
tantly, the two grading systems have significantly different 
thresholds for including or excluding patients. (Table 1)

A meta-analysis by Wang et al.6 investigated the fatality 
rates associated with ICIs. Of 31,059 individuals who were 
treated with ICIs, a total of 613 fatal cases directly related 
to side effects of ICIs were reported. Of the 613 cases, 124 
(20.2%) were secondary to hepatitis. The authors also as-
sessed fatality rates of different classes of toxic effects and 
identified a risk of hepatitis-related deaths ranging from 
10% to 17% of reported cases. In their study, the risk of fa-
tality secondary to hepatitis differed according to the type of 
therapy, and the risk was higher in those taking anti-PD-1/
PD-L1. Of all patients dying from hepatitis, 31 (25%) re-
ceived ipilimumab, 74 (59.7%) received anti-PD-1/PD-L1, 
and 19 (15.3%) had a combination of the two types of ther-
apy (anti-CTLA-4 and anti-PD-1/PD-L1). When comparing 
all causes of death according to type of therapy, hepatitis 
was responsible for 16% of the deaths in the ipilimumab 
group, 22% in the anti-PD-1/PD-L1 monotherapy, and 22% 
in the combination therapy group. The authors also analyzed 
3,545 patients who were treated for melanoma in seven 
large international academic centers. Twenty-one deaths re-
lated to ICIs toxicities were reported, of which five (23.8%) 
were related to hepatitis.6 The median age of patients dying 
from all causes of toxic effects was 70 years compared with 
an average of 62 years in patients with non-fatal toxicities.

Risk factors

Several risk factors have been reported to predispose pa-
tients to ICI-induced hepatotoxicity. In a retrospective 
study, multivariate analysis found that acetaminophen in-
take increased the risk of hepatotoxicity by 2.1 times with 
an attributable risk of 53.2%.8 However, the study was lim-
ited by its retrospective nature and lack of data on the dos-
es of acetaminophen that were used. The severity of hepa-
totoxicity has been reported to be higher in patients treated 
with ICIs for primary liver cancer. A large meta-analysis by 
Fu et al.7 showed that patients with primary liver cancer 
had significantly higher incidences of elevated ALT (4.57% 
vs. 1.26%), AST (6.74% vs. 1.19%), bilirubin (3.06% vs. 
0.62%), and hepatobiliary disorders (2.78% vs. 1.57%) 
than other solid tumors. The incidence of grade 3 or higher 
hepatotoxicity was also significantly higher in primary liver 
cancer than in other solid tumors, but there were no data 
regarding the liver tests of the patients prior to the start 
of immunotherapy. CTCAE hepatotoxicity grading is based 
on the proportion of elevated transaminases compared with 
baseline. Patients with HCC already have a high risk of el-
evated aminotransferases because of tumor and bystander 
necrosis, but the study did not report whether hepatotoxic-
ity severity grading took that into account.

HMG-CoA reductase inhibitors may also increase the risk 
of ICI-hepatotoxicity. Cho et al.8 reported an increased as-
sociation of the use of HMG-CoA reductase inhibitors and 
development of ICI-induced hepatitis, with a 4.7-fold in-
creased risk and an attributable risk of 78.8%. Of note, the 
authors did not include patients with elevated baseline AST 

or ALT. As mentioned previously, the presence of hepatic 
metastases has a significant impact on the likelihood of ICI-
induced hepatotoxicity. Tsung et al.35 reported that hepatic 
metastasis was more common in those with ICI compared 
with those without liver injury (53% vs. 21%, p<0.01). No 
association was reported between the risk of hepatotoxic-
ity and the number of doses of ICIs that the patients had 
received. Hepatitis was reported after only one dose and 
more than 17 doses.26 Cho et al.8 reported a median time 
from initiation of therapy to hepatotoxicity of 24 days, but 
the time was significantly shorted in men (29 days) than in 
women (49 days). In addition, the median time in patients 
who were 65 years of age or younger was 25 days com-
pared with 42 days in those more than 65 years of age, but 
the difference was not statistically significant. In addition, 
increased doses of ipilimumab (10 mg/kg vs. 3 mg/kg) have 
been associated with more severe liver injury and higher 
fatality.6,47 While there are no specific data regarding viral 
hepatitis and concomitant use of ICIs, a synergistic hepato-
toxic effect has been seen in combination with drug-induced 
liver injury, and thus screening for viral hepatitis prior to 
initiation of ICIs, and prophylactic treatment of positive pa-
tients is an important consideration.48

Clinical features

Hepatotoxicity associated with ICIs is frequently character-
ized by elevation of aminotransferases including, AST and 
ALT, and less often by hyperbilirubinemia. The onset of hepa-
totoxicity varies significantly with the type of therapy. It has 
been reported to occur sooner with anti-CTLA-4, starting 1–7 
weeks (average of 3 weeks) after initiation of therapy com-
pared with 2 to 49 weeks (average of 14 weeks) in patients 
receiving anti-PD-1/PD-L1.49 Some patients are asymp-
tomatic. However, fever, jaundice, fatigue, and a maculo-
papular rash have been reported.49–52 Although the clinical 
features were present at the time of hepatotoxicity, some 
may have represented an ICI side effect unrelated to hepa-
totoxicity. Moreover, other immunotherapy-induced adverse 
effects are common, including pneumonitis, bronchitis, hy-
perthyroiditis, hypophysitis, and pancreatitis.49 The degree 
of elevation of aminotransferases is usually higher in patients 
who are symptomatic compared with those without symp-
toms.51 The pattern of liver injury tends to be hepatocellu-
lar, although cholestatic and mixed patterns have been ob-
served.53 The presence of cholestatic injury is reported to be 
more associated with the presence of liver metastases.35 In a 
study of 536 patients receiving ICIs, 19 developed grade 3 or 
higher hepatotoxicity. Three were excluded from the analysis 
because of remaining cofounding factors, 16 were included. 
Peak AST levels were reported to be as high as 2,289 U/L, 
and to average around 400 U/L. ALT levels peaked at 3,137 
U/L and averaged 460 U/L.49 There was no significant differ-
ence in aminotransferase levels according to type of therapy. 
Of note, all except for one patient in that study with a gam-
ma-glutamyl transferase of 104I U/L had liver tests within 
the normal range before initiation of immunotherapy. Wang 
et al.6 reported that fatal cases tended to result from fulmi-
nant hepatic failure, and 80% of fatalities were caused by 
acute disease. Fortunately, the fatality rate of fulminant liver 
failure (21 of 3,545 patients, 0.6%) was low.

Severity of hepatotoxicity according to type of ther-
apy

The degree and frequency of liver involvement as a side 
effect of treatment with ICIs differs between patients 
treated with CTLA-4 compared with PDL-1 and PD-1 inhibi-
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tors.5,36,52,54 Several studies reported higher frequencies of 
hepatotoxicity in patients treated with anti-PD-1 inhibitors, 
and a higher frequencies of severe hepatitis in those treated 
with anti-CTLA-4 and combination therapies.5,49,52,55 A sys-
tematic review of hepatoxicity in 17 trials of ICIs found that 
odds ratio for all-grade hepatotoxicity was lower in patients 
receiving CTLA-4 inhibitors than in those who received PD-1 
inhibitors (1.24 vs. 1.52) and that high-grade hepatotox-
icity was higher in the anti-CTLA-4 group (1.93 vs. 0.48, 
respectively).56 Cheung et al.9 found that 21 of 453 patients 
treated with ICIs developed ICI-induced hepatotoxicity. Of 
those, five (23.8%) received anti-PD-1 monotherapy, four 
(19%) received ipilimumab monotherapy, and 11 patients 
(52.4%) had combination therapy. Moreover, 75% of pa-
tients with grade 4 hepatitis received ipilimumab.

Significantly higher elevations of ALT and AST have been 
reported with anti-PD-1 (6.01% and 6.84%) than with anti-
PDL-1 (3.60% and 3.72%).7 The results were observed in a 
meta-analysis that included significantly more patients than 
Cheung et al.9 but evaluated individual studies. In another 
large meta-analysis, the incidences of all-grade and grade 
≥ 3 hepatitis after combination treatment with pembroli-
zumab and ipilimumab was 9.8% and 5.9%, respectively. 
For patients taking a combination of nivolumab and ipili-
mumab the rates were 4.9% and 3.5%, respectively. Those 
with nivolumab monotherapy had an incidence of all-grade 
hepatitis of 3%.5 Furthermore, the severity of ipilimumab 
related hepatotoxicity has been shown to be directly related 
to treatment dose. Doses of 10 mg/kg of ipilimumab were 
associated with grade 3–4 hepatotoxicity, but doses up to 3 
mg/kg may not cause liver injury.47

Imaging findings

Imaging findings are nonspecific and often correlate with 
the severity of hepatitis, which reflects the degree of ami-
notransferase elevation.57–60 The most common liver find-
ings on computed tomography (CT) include hepatomegaly, 
periportal edema, and periportal lymphadenopathy. None-
theless, a normal hepatobiliary system has also been de-
scribed on imaging.51 In a retrospective study of 147 pa-
tients treated with ipilimumab for advanced melanoma, 
three had radiological evidence of liver involvement on CT 
scans with contrast. CT was characterized by heterogene-
ous parenchymal enhancement with low-attenuation areas, 
periportal and gallbladder edema, and ascites. Two patients 
also had hepatomegaly on imaging. None of the three pa-
tients had underlying liver disease or risk factors, including 
viral infection or exposure to other hepatotoxic drugs or al-
cohol.61 The studies did not report the use of RUCAM for the 
diagnosis of ICI-induced hepatotoxicity.

Histopathology findings

Immunotherapy-induced hepatitis is often established by 
liver chemistries and after other causes of hepatitis have 
been ruled out, which precludes the need of a liver biop-
sy.9 There are few data of the histological appearance of 
the liver during the acute phase of hepatotoxicity, as most 
patients do not undergo liver biopsy. Findings of the re-
ported cases include severe panlobular hepatitis with foci 
of confluent necrosis, periportal inflammation, and promi-
nent perivenular infiltrate with endothelialitis, and rarely, 
cholestatic injury.50,51,62 Inflammatory cells mainly consist 
of lymphocytes, with a predominance of CD8+ T cells and 
less frequently CD4+ T cells and B cells. Interestingly, the 
presence of eosinophils is common, and plasma cells are 
rare (a distinguishing feature of AIH). Granulomatous hepa-

titis has also been reported.50

A retrospective study by Cohen et al.53 found that 60 pa-
tients with ICIs and liver biopsies over the course of 4 years 
had elevated liver tests that were thought to be secondary 
to immunotherapy. The mean age was 61 years, and there 
was no difference in the male to female ratio. Twenty-eight 
(47%) of the 60 biopsies revealed a predominantly hepatitic 
pattern of injury consisting of mild to moderate lobular in-
jury in most cases, but severe in six. The most common 
injury zone was centrilobular or centrilobular predominant 
(17 biopsies, 36%), followed by azonal (eight biopsies, 
13.3%) and panlobular (two biopsies, 3.3%). Lobular in-
flammation included mainly histiocytes and admixed lym-
phocytes; scattered plasma cells were seen in five cases, 
and scattered eosinophils were seen in two cases. Some 
degree of portal inflammation with granulomas was seen in 
11 (39%) of the 28 biopsies, mostly located in zone 3. In 16 
cases (26%), there was a cholangitic pattern of injury that 
was characterized by marked ductal injury with or without 
portal edema. In 11 of those cases, the portal inflamma-
tion included neutrophils surrounding injured ducts. In two 
cases, the inflammatory components included mononuclear 
cells with or without eosinophils. In three patients the biop-
sy findings were identical to nonalcoholic fatty liver disease. 
In five cases, the changes were mild and nonspecific. The 
results suggest that while there are a variety of liver injury 
patterns, the most common type of liver injury associated 
with ICIs is the hepatocellular pattern. In patients with a 
portal-based cholangitic pattern, the causes of hepatotoxic-
ity were possibly attributed to liver disease progression in 
six, concomitant use of chemotherapy in three, sepsis in 
two, and antibiotic use in two. It is difficult to conclude that 
all the patients had ICI-related hepatotoxicity, particularly 
in those with a cholangitic pattern. Nonetheless, the study 
demonstrated that in patients with presumed ICI-induced 
hepatotoxicity, the type of liver injury shown by the biopsy 
results did not change their management, and most pa-
tients still needed steroid treatment. Moreover, some of the 
patients may have had underlying liver disease that impact-
ed the biopsy results.

Another study analyzed liver biopsies from patients with 
advanced malignancies treated with anti-PD-1 therapy 
(nivolumab or pembrolizumab).62 Six of eight patients had 
acute lobular hepatitis. The inflammation was mild and con-
sisted of a mixed inflammatory cell infiltrate with lympho-
cyte predominance and few plasma cells and eosinophils. 
Five cases had spotty necrosis and acidophil bodies, and 
one had centrilobular necrosis. None of the six cases of lob-
ular hepatitis had significant inflammation or fibrosis in the 
portal tracts. One patient had steatohepatitis with severe 
large-droplet macrovesicular hepatitis and mild lobular in-
flammation. This patient had a prior history of liver steato-
sis. Another patient had a cholestatic pattern of injury with 
diffuse bile-duct injury in all portal tracts and mixed cana-
licular and hepatocellular cholestasis. Patients other than 
the one with steatohepatitis and a previous history of liver 
steatosis had normal liver tests prior to treatment. Viral 
hepatitis panels were negative before and after treatment.

Differential diagnosis

The differential diagnosis of elevated liver tests is broad, 
and careful evaluation is warranted before concluding that 
ICIs caused the liver damage. As with other causes of drug-
induced liver injury (DILI), it is important to assess cau-
sality using the RUCAM scoring system,63 which considers 
the time to onset after the beginning of drug treatment, 
the course of ALT and/or ALP after drug cessation, alcohol 
use, age, concomitant drugs, alternative causes, and re-
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sponse to drug re-exposure. Nonetheless, many cases that 
are labeled as DILI may in fact be secondary to alternative 
causes.64 This is important because liver metastases, con-
current chemotherapy and the use of other drugs are often 
present in patients with advanced cancer.8,35

Liver injury is most often characterized by a hepatocel-
lular pattern with mild to moderate elevation of liver ami-
notransferases with marked elevation of the enzymes being 
less common. For that reason, common etiologies includ-
ing viral hepatitis including hepatitis A, B, and C, herpes 
simplex virus, cytomegalovirus, Epstein-Barr virus, au-
toimmune hepatitis, hepatic steatosis, ischemic hepatitis, 
biliary disease, and other drug- or herb-induced toxicities 
are included in the differential diagnosis.51,63 As mentioned 
earlier, liver metastasis increases the risk of ICI-induced 
hepatotoxicity, but its presence might be the sole cause of 
liver injury.35

Management and prognosis

The treatment of immunotherapy-induced hepatotoxicity 
varies with the severity of hepatitis.65 Several consensus-
based management guidelines proposed by societies rec-
ommend that all patients should be evaluated for other 
causes of hepatitis, and that the steroids should be consid-
ered the first line treatment.66–70

Investigation of other causes of hepatitis include a 
workup for viral hepatitis including history of alcohol use, 
iron stores, and liver imaging for evaluation of potential 
liver metastasis. A workup for autoimmune hepatitis should 
also be considered. The American Society of Clinical Oncol-
ogy guidelines require close monitoring of liver tests prior to 
each infusion and/or weekly for patients with grade 1 hepa-
titis (Fig. 3).70 In grade 2 hepatitis, ICIs should be with-
held temporarily, but may be restarted following recovery 

to grade 1 or less while taking prednisone ≤7.5–10 mg/
day. Corticosteroid therapy with prednisone 0.5–1 mg/kg/
day (or equivalent) should be started. In addition, more 
frequent monitoring should be done in patients with no im-
provement after 5 days. In patients with grade 3 hepatotox-
icity, ICIs should be permanently discontinued, and pred-
nisone 1–2 mg/kg/day or methylprednisolone 1–2 mg/kg 
prescribed. Steroids should be tapered over a course of 4 
weeks in patients with improvement of liver tests. In refrac-
tory cases, a second agent such as mycophenolate or aza-
thioprine should be considered. Grade 4 toxicity is managed 
much like grade 3, but methylprednisolone 2 mg/kg may be 
considered. Liver imaging and biopsy may be considered in 
patients with grade 3 and 4 hepatitis to assess for alterna-
tive causes.

Despite the recommendations made by society guide-
lines on steroid use in patients with grade 3–4 ICI-induced 
hepatotoxicity, a systematic review by Peeraphatdit et al.22 
found that almost half of these patients improved without 
requiring corticosteroids.10,49 The time for complete recov-
ery of liver function after the start of corticosteroids varies 
widely and may be affected by several factors including the 
severity of hepatotoxicity, the presence of liver metastases, 
the type of immunotherapy received, and the time to onset 
of hepatotoxicity.9,22,71 A case series described by Gauci et 
al.10 included five patients with grade 2 or higher hepato-
toxicity who did not receive corticosteroids and achieved 
resolution of liver function sooner than five other patients 
with a similar presentation who received corticosteroids. 
The mean recovery of liver function was 4.7 weeks without 
steroids and 8.6 weeks with steroids. The authors did not 
report the treatment associated with grade of hepatotoxic-
ity experienced by each patient. They reported that of a 
total of 10 patients, only 1 had grade 2 hepatotoxicity and 
the others had grade 3 or higher. Another study reported 
an average of 3.3 weeks for the resolution of liver injury af-

Fig. 3.  American Society of Clinical Oncology management of immunotherapy-induced hepatotoxicity. ICI, immune checkpoint inhibitor; CS, corticosteroid.
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ter initiation of corticosteroids.33 Importantly, prednisolone 
doses > 60 mg/day did not correlate with faster improve-
ment or better outcomes.9 Moreover, a case report of liver-
directed topical budesonide had promising effects.65

One study reported that dual immunosuppressive ther-
apy decreased recovery time. Although society guidelines 
argue against the use of infliximab because of potential 
hepatotoxic effects, Cheung et al.9 found that steroid-spar-
ing agents including mycophenolate and either tacrolimus 
or infliximab (two patients, one with hepatitis and one with 
colitis) improved hepatitis in patients who did not respond 
to monotherapy with steroids. However, larger studies are 
needed to investigate the risks and benefits of the use of 
these immunosuppressors. The use of anti-thymocyte glob-
ulin with or without concomitant use of N-acetylcysteine 
has been reported successful in specific cases of decompen-
sated liver failure when the use of dual immunosuppression 
was not effective, and/or liver function was rapidly dete-
riorating. In all the reported cases, rapid improvement of 
liver function was observed within 24 h of treatment with 
anti-thymocyte globulin.72–75

Preventive measures

There are no specific measures to prevent immunothera-
py-induced hepatotoxicity. However, it is important to un-
derstand which patients are at increased risk of develop-
ing liver injury. Obtaining baseline LFTs before initiation of 
therapy is encouraged as a standard measure. However, 
other aspects need to be considered. Patients with primary 
liver disease, liver metastases, and hepatobiliary disorders 
are at increased risk of hepatotoxicity.7,35 Patients tak-
ing HMG-CoA reductase inhibitors or acetaminophen may 
also be at increased risk.8 Although we did not find any 
study reporting the use of immunotherapy specifically in 
patients with underlying chronic viral hepatitis infection, 
HBV, and HCV have been associated with poorer outcomes 
in patients with DILI.76 For that reason, screening patients 
at increased risk of infection with those viruses should be 
considered before starting immunotherapy. Alcohol use and 
hepatic steatosis are considered risk factors for DILI.76 In 
such patients, monotherapy rather than dual therapy might 
be a consideration, although, no data is available to confirm 
that. Another consideration would be opting for lower doses 
of therapy. Lastly, more frequent monitoring of liver tests 
might prevent the development of higher grades of hepato-
toxicity if treatment is suspended early.

Retreatment

Restarting therapy with ICIs after liver toxicity occurs is con-
troversial and should be individualized by carefully weight-
ing the benefits and risks. In addition, risk factors that could 
contribute to liver injury should be carefully investigated be-
fore restarting therapy. Most society guidelines recommend 
continuation of therapy for grade 1 toxicity, re-challenging 
of therapy if LFTs improve in grade 2 toxicity, and perma-
nent discontinuation of therapy for grade 3 and 4 patients. 
However, studies have shown tolerance of retreatment with 
ICIs even with grade 3 hepatotoxicity.9

Interestingly, in a study by Cheung et al.9 four patients 
treated with combination therapy and developed hepatotox-
icity were then given up to 19 cycles of nivolumab mono-
therapy after normalization of aminotransferases without 
further evidence of hepatotoxicity. Of note, two of the pa-
tients had grade 3 hepatotoxicity. Another study reported 
safe resumption of ICI therapy with concomitant budeson-
ide treatment in two patients who had developed grade 3 

hepatitis.11 As mentioned previously, patients who develop 
ICI-induced hepatotoxicity while on combination therapy, 
should only be re-challenged after normalization of liver 
tests and using monotherapy with either nivolumab or pem-
brolizumab.9

Conclusions

Over the past years there has been increasing information 
concerning immunotherapy and its detrimental effects on 
the liver. Generally, clinical trials recorded rates of hepato-
toxicity of up to 15%, while retrospective studies have re-
ported up to 64%.8,15 A major reason for these differences 
is the use of different grading systems for the description 
of hepatotoxicity and lack of mention of which system was 
used.8,35

The evidence of clinical trials indicates that there is a 
higher incidence of hepatotoxicity in patients being treat-
ed with combination therapy that with monotherapy. Of 
all the types of therapies, ipilimumab confers a higher risk 
of hepatotoxicity and higher fatality rates when given at 
high doses.6,47 Moreover, several studies reported differ-
ent incidences of hepatotoxicity associated with the vari-
ous therapies.4,39 Nonetheless, there is a consensus that 
ipilimumab and combination therapies have the highest 
risk of high-grade hepatotoxicity.5,36,52,54 However, the tri-
als did not report the use of RUCAM when assessing for 
hepatotoxicity. In addition, important identified risk factors 
associated with higher rates of hepatotoxicity are the use 
of acetaminophen, HMG-CoA reductase inhibitors, primary 
liver cancer, and the presence of hepatic metASTasis.7,8,35 
The onset of hepatotoxicity varies widely, but is thought to 
occur earlier after the use of anti-CTLA-4 compared with 
either anti-PD-1/PD-L1.49

The symptomatology is also broad and sometimes non-
specific, with some patients being asymptomatic and oth-
ers presenting with fatigue, jaundice and/or maculopapu-
lar rash. Moreover, a hepatocellular pattern of liver injury 
is characteristic, and a cholestatic pattern may rarely oc-
cur.49,50 Fulminant hepatitis has been reported, and usually 
leads to death, but the overall mortality rate is low and 
estimated as around 0.1%.6 In addition, imaging and histo-
pathological findings are generally nonspecific but should be 
considered to eliminate other causes of liver injury.50,57–60 
The management recommendations of different societies 
are similar.66–70 Corticosteroids are recommended to treat 
grade 2 or higher hepatotoxicity, watchful waiting has re-
sulted in good outcomes.10 In addition, restarting immuno-
therapy after grade 3 hepatotoxicity should be performed 
on an individual basis, but when possible, with a different 
regimen.

In conclusion, while immunotherapy-induced hepatotox-
icity is not common, more cases are being diagnosed given 
the expanding indications for therapy with ICIs in differ-
ent type of cancers. When evaluating patients with hepa-
totoxicity, it is important to rule out other etiologies be-
fore making a diagnosis. Management usually starts with 
cessation of ICI followed by treatment with corticosteroids 
and other immunosuppressive therapies. Most patients re-
cover and some are able to resume therapy with ICIs. As 
more data become available, management strategies may 
change, and retreatment may become an option for higher 
grade hepatotoxicity. The main limitation of this review is 
that, because of a lack of data on the topic, some studies 
that did not describe the use of RUCAM when assessing for 
immunotherapy-induced hepatotoxicity were also included. 
Nonetheless, the conclusions were mainly based on studies 
that used RUCAM.
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