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Immune checkpoint inhibitors and liver  
immune-related adverse effects:  
A comprehensive review of diagnosis  
and management

Maria Kalafateli

Abstract
Immune checkpoint inhibitors (ICI) have greatly improved the management of advanced solid tumors with proven 
efficacy in overall survival rates. However, their increasing use is associated with a number of immune-mediated 
adverse events in almost every system organ. Liver toxicity, although rare, can be occasionally severe with the de-
velopment of severe immune-mediated hepatitis. The current grading system assessing the severity of liver toxicity 
is suboptimal, overestimating the true incidence of severe hepatitis, and research should be guided towards this 
direction. Management includes the introduction of corticosteroids in cases of grade 2 or greater hepatitis but there 
are reports of spontaneous resolution without the use of immunosuppressive treatment. Thus, treatment algorithms 
need to be revised and predictive factors of spontaneous resolution need to be discovered. This review focuses on 
liver complications related to ICI treatment discussing incidence, diagnosis and treatment strategy currently used 
in this setting. 
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Introduction
In the last decade, the introduction of immune 

checkpoint inhibitors (ICIs) in the therapeutic manage-
ment of different cancer types including unresectable 
or metastatic melanoma, advanced hepatocellular car-
cinoma and metastatic non-small cell lung cancer [1-4], 
has both changed treatment algorithms and improved 
overall survival rates in this setting. Since the approval 
of ipilimumab (anti-cytotoxic T-lymphocyte-associated 
protein 4 (CTLA4) antibody) for the treatment of unre-
sectable or metastatic melanoma [3], many other ICIs 

have been introduced and their therapeutic indications 
have been expanded in other tumor types. 

The molecular targets of ICIs are immune check-
points, i.e., CTLA4, programmed cell death protein 1 
(PD-1) and its ligands (PD-L1/PD-L2), which normally 
have an inhibitory effect on T-cell activation preventing 
auto-immunity, thus providing immunological tolerance 
to self-antigens [5, 6]. By inhibiting immune checkpoint 
signaling, T-cell activity is restored and the immune 
tolerance against specific tumor antigens is reversed 
thus promoting a durable anti-tumor immune response. 

However, the abovementioned interference with 
the natural immunological tolerance can result in the 
development of various systemic toxicities due to the 
loss of T-cell inhibition leading to abnormal host immune 
responses [7]. These toxicities are called immune-related 
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adverse events (irAEs) and can potentially affect every 
organ system (most commonly the skin, the gastroin-
testinal tract and the liver, and the endocrine system). 
They can mimic other immune-mediated disorders and 
have been associated with severe and sometimes fatal 
outcomes in cases of delayed diagnosis.

The aim of this review was to focus on the immune-
related hepatic complications resulting from ICI treat-
ment as well as its management, which is mostly based 
on expert opinions. Due to the lack of randomized con-
trolled trials on this topic, it was impossible to conduct 
a systematic review.  

Methods
MEDLINE databases were searched for eligible stud-

ies from August 2006 to April 2022 using the textwords 
“Checkpoint inhibitors” or “immune checkpoint in-
hibitors” or “anti-CTLA4” or “anti-CTLA-4” or “anti-PD1” 
or “anti-PDL1” or “ipilimumab”, or “pembrolizumab” or 
“nivolumab” and “hepatitis” or “liver toxicity” or “toxic-
ity” or “liver” or” adverse event” or “immune-related 
adverse event”. All relevant review articles (English) 
were manually searched, and all original studies were 
retrieved from them. 

Epidemiology of liver irAEs 
The overall incidence of irAEs is ranging between 

15% and 90%, and as already mentioned, every organ 
system can be potentially affected [7-9]. The dermato-
logical and gastrointestinal (colon, small intestine, liver 
and pancreas) irAEs are the most common toxicities 
[10-12]. The incidence and severity of irAEs seem to be 
unaffected by the tumor type [13]. However, CTLA inhibi-
tors are more frequently associated with irAEs compared 
to anti-PD1/PDL1 agents, and these toxicities are usually 
more severe. In a meta-analysis [8] of 1265 patients from 
22 clinical trials, the overall incidence of all-grade irAEs 
in oncologic patients receiving anti-CTLA4 antibodies 
(ipilimumab and tremelimumab) was 72 % (95 % CI, 
65–79 %) (high-grade irAEs, 24 % (95 % CI, 18–30 %)); 
this association was found to be dose-dependent. In a 
systematic review of 23 studies comprising 3284 patients 
in the PD-1 group and 2460 patients in the PD-L1 group 
[14], the overall incidence of all-grade adverse events 
was 64% (95% CI, 63%-66%]) and 66% (95% CI, 65%-
69%) for PD-1 and PD-L1 inhibitors ((high-grade irAEs, 
13% (95% CI, 12%-14%) and 21% (95% CI, 19%-23%)), 
respectively. The risk increases substantially for patients 
treated with both CTLA4 and PD1/PDL1 inhibitors, im-

plying an additive toxicity when combination is used 
[15]. On the other hand, in a retrospective study [16] 
which aimed to assess the safety profile of nivolumab 
monotherapy in patients with advanced melanoma, 
the objective response rate was significantly higher in 
patients that demonstrated irAEs compared to those 
that did not (48.6% s 17.8%, p<0.001). 

Regarding liver irAEs, the incidence of all-grade and 
high-grade immune-mediated hepatitis in ICI users is 
around 5% and 1-2%, respectively [17]. This incidence 
increases at 25% and 8-10%, respectively, when com-
bination of ICIs is used [15, 18]. It seems that the risk is 
higher in ICI-users treated for hepatocellular carcinoma 
compared to those treated for non-liver cancers [19]. 

Dermatological irAEs usually occur at around four 
weeks after initiation of treatment, together with gas-
trointestinal ones (at around six weeks), whereas liver 
toxicity appears later at approximately 8-12 weeks after 
starting ICI treatment [16].  However, liver abnormali-
ties, as all other irAEs, can occur even after longer time 
periods following initial administration [20]. 

Grading of severity of liver irAEs
The severity of irAEs is more commonly graded 

using the US National Cancer Institute (NCI) Common 
Terminology Criteria for Adverse Events (CTCAE) [21]. 
Depending on these criteria, the severity is graded on 
a scale of 1 to 5 as follows: grade 1 (mild toxicity), grade 
2 (moderate toxicity), grade 3 (severe toxicity), grade 4 
(life-threatening) and grade 5 (death). The grading of 
severity of ICI-related hepatitis is depicted in Table 1. 

This grading scale has the advantage of stratifying 
treatment management and thus, it has been exten-
sively used in clinical trials of ICIs allowing comparisons 
between studies; however, it is accompanied by several 
drawbacks, most importantly the overestimation of the 
incidence and severity of symptoms by physicians [6]. 
According to the European Association for the Study of 
the Liver (EASL) guidelines [22], drug-induced liver injury 
is considered severe if the elevation of transaminases 
is accompanied with an increase in bilirubin (Hy’s law), 
whereas the level of elevation of liver enzymes alone is 
not sufficient to reflect the severity of liver injury. This 
is not in accordance with CTCAE criteria [21], where 
grade 4 hepatotoxicity is defined as very high levels of 
transaminases without concomitant increase in bilirubin. 
Consequently, the CTCAE grading system is considered 
suboptimal and more research is needed in the setting 
of severity stratification.  
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Clinical presentation of liver irAEs
ICI hepatitis is mostly asymptomatic and usually 

follows a hepatocellular pattern of liver injury charac-
terized by elevations of aminotransferases (ALT and 
AST) with or without mildly increased total bilirubin 
levels [23-25]. Cases of cholestatic liver injury have been 
reported but they are not the rule [26]. Symptoms like 
fever, malaise, abdominal discomfort or jaundice are 
rare. Moreover, fulminant hepatitis causing acute liver 
failure is very uncommon with an incidence of about 
0.4% [27]. Taking the abovementioned into account, the 
diagnosis of ICI-hepatitis is mostly incidental following 
routine blood testing. 

Although an immune-mediated hepatitis, ICI hepa-
titis should be dissociated from autoimmune hepatitis. 
The histological features of ICI hepatitis are usually portal 
and periportal hepatitis and hepatocellular necrosis 
(mostly centrilobular) with infiltration by lymphocytes, 
plasma cells and eosinophils, thus resembling acute 
viral or autoimmune hepatitis [28, 29]. However, high 
titles of anti-nuclear antibodies (ANA), anti-smooth 
muscle antibodies (ASMA) and other autoimmune 
hepatitis-related auto-antibodies are usually absent 
and ICI hepatitis typically responds to drug discontinu-
ation and one course of immunosuppressive treatment 
without recurrence, thus is differentiated from idiopathic 
autoimmune hepatitis [30, 31]. Furthermore, the pres-
ence of cirrhosis, emperipolesis and rosette formation 
are hallmarks of autoimmune hepatitis, not typical in 
ICI-related hepatitis [22, 31]. Interestingly, one histologi-
cal pattern specific for patients under treatment with 
anti-CTLA4 agents is that of non-necrotizing granu-
lomatous hepatitis, whereas liver injury by anti-PD1/
PDL1 has a more heterogenous pattern without the 
presence of granulomas [23, 32]. Bile duct injury with 
the presence of cholangitis in histological specimens 
following treatment with ICIs has also been reported 
and is usually mild [33]. Other unusual presentations 
demonstrated in case reports are sclerosing cholangitis, 

nodular regenerative hyperplasia, sinusoidal obstruc-
tion syndrome and vanishing bile duct syndrome [34].  

Diagnosis of liver irAEs
The diagnosis of ICI-related hepatitis is mostly a 

diagnosis of exclusion. The initial approach includes 
detailed medical history (including alcohol and con-
comitant drugs/herbs use) and physical examination. 
Infectious causes of abnormal liver function tests (i.e., 
viral hepatitis A, B, C, and E, Epstein-Barr virus, Cyto-
megalovirus, Herpes Simplex virus) should be excluded 
[22, 35-37]. Auto-antibodies including ANA, ASMA, anti-
mitochondrial antibodies (if cholestatic injury pattern), 
liver-kidney microsomal type 1 (LKM-1) antibodies, as 
well as quantitative assessment of immunoglobulins 
should be assessed. An abdominal ultrasound is also part 
of the initial work-up to exclude vascular thrombosis, 
hepatic metastases, liver cirrhosis or biliary obstruction. 

The question is if liver biopsy is indicated in the initial 
assessment of patients under ICI treatment presenting 
with abnormal liver function tests [19]. As mentioned 
before, liver histology can assist in both the diagnosis of 
ICI-related liver toxicity and the assessment of severity 
of liver injury; thus, it can guide treatment manage-
ment. Currently, liver biopsy is reserved for patients 
with grade 3 or greater liver toxicity and/or to exclude 
alternative diagnoses. 

Management of liver irAEs
According to the EASL recommendations [22], which 

rely on clinical experience and the management of au-
toimmune hepatitis, before the initiation of treatment 
with ICIs, baseline liver parameters and the patient’s lipid 
profile should be assessed. Potential confounding factors 
such as pre-existing liver diseases and presence of liver 
metastases, as well as viral infections (HIV, HBV, HCV, HEV) 
should be excluded. Underlying autoimmune hepatitis 
or other autoimmune disorders should be investigated. 

Following initiation of treatment, liver function tests 

Table 1. Grading of severity of ICI hepatitis (National Cancer Institute’s Common Terminology Criteria for Adverse Events (CTCAE), 
version 5.0).

Adverse Event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

Hepatitis AST or ALT 1 3×ULN 
and/or T-BIL 1 
1.5×ULN 

AST or ALT 3 5×ULN 
and/or T-BIL 1.5 
3×ULN 

AST or ALT 
5-20×ULN and/or 
T-BIL 3-10×ULN 

AST or ALT 
>20×ULN and/or 
T-BIL >10×ULN 

Death 

AST: aspartate aminotransferase, ALT: alanine aminotransferase, t-bil: total bilirubin, ULN: Upper Limit of normal
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should be monitored every two weeks for the first 8 to 
12 weeks of treatment, and then every four weeks [22]. 

According to the Multinational Association of Sup-
portive Care in Cancer (MASCC) 2020 clinical practice 
recommendations [36] and the American Society of 
Clinical Oncology (ASCO) Clinical Practice Guidelines 
[35], in cases of grade 1 liver toxicity, ICI treatment can be 
continued but with careful blood monitoring (AST, ALT, 
total bilirubin) 1-2 times/week. No specific treatment is 
recommended in this stage apart from supportive care 
for symptomatic control. 

ICI treatment should be temporarily discontinued if 
grade 2 or 3 liver toxicity, but permanently withdrawn 
if grade 4.  In the case of grade 2 or greater hepatitis, 
corticosteroids should be initiated if the abnormal 
liver tests persist or worsen with significant clinical 
symptoms in 3 to 5 days. The recommended dose is 
0.5-1.0 mg/kg/day prednisone or equivalent, 1-2 mg/
kg/d methylprednisolone or equivalent, and 2 mg/
kg/d methylprednisolone equivalents if grade 2, 3 and 
4 hepatitis, respectively. Steroids should be tapered 
over 6-8 weeks. ICI treatment can be resumed (if grade 
2/3 hepatitis) when liver parameters improve to grade 
1 or normal values while on prednisone ≤ 10 mg/day 
(or equivalent). 

In patients with hepatitis refractory to corticosteroids 
or no responsiveness after three days of continuous 
administration, a second immunosuppressive regimen 
should be added. According to ASCO guidelines [35], 
mycophenolate mofetil (MMF) (500 – 1000 mg BID) 
or azathioprine (1–2 mg/kg) or tacrolimus (targeting 
blood levels of 8–10 ng/ml or lower in case of an early 
response) is recommended. The role of infliximab in 
immune-mediated hepatitis is unclear considering the 
potential hepatotoxicity associated with infliximab use. 
Antithymocyte globulin (1.5 mg/kg) for 48 hours has 
been added to the treatment with MMF and steroids 
[38] in cases of severe, fulminant hepatitis and has been 
reported to be effective.  

According to recent data [23], not all patients expe-
riencing immune-mediated hepatitis following treat-
ment with ICI need corticosteroids. More specifically, 
16 out of 536 patients treated with anti-PD-1/PD-L1 
or CTLA-4 immunotherapy developed histologically 
proven immune-mediated hepatitis. The decision to 
start steroids was based on biological (bilirubin >2.5 
mg/dl and/or international normalized ratio [INR] >1.5) 
and/or histological criteria for severity assessment. 
Overall, six patients presented spontaneous resolu-

tion of hepatitis without receiving any corticosteroid 
treatment. Furthermore, in three of these patients, ICI 
treatment was re-introduced without recurrence of liver 
toxicity. The abovementioned indicate again that further 
investigation is needed regarding severity stratification 
and accordingly, treatment management in patients 
presenting with liver irAEs. 

Conclusions
Despite the breakthrough in the management of 

advanced solid tumors after the introduction of check-
point inhibitors, a variety of immune-mediated toxicities 
have emerged. These can be occasionally severe; thus, 
physicians should be aware of these entities in order 
to identify them early and to treat them appropriately. 
Liver irAEs are rare; however, their incidence increases 
substantially following combination treatment with ICIs. 
There is a knowledge gap regarding the pathophysiol-
ogy of these toxicities and the specific risk factors for 
these adverse events, if any, are not yet elucidated. Bet-
ter algorithms to identify patients in need for initiation 
of steroids are needed as well as prognostic indicators 
for treatment response and recurrence. The diagnosis 
of liver irAEs is problematic and research should be 
guided towards the identification of specific biomark-
ers and/or diagnostic tools to assist with the differential 
diagnosis of immune-mediated hepatitis. Lastly, the 
grade classification system should be reviewed and 
revised to better stratify the grade of severity from a 
hepatologist’s perspective. 
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