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Abstract

With the widespread application of systemic treatments for 
hepatocellular carcinoma, liver injury caused by molecular 
targeted drugs and immune checkpoint inhibitors has be-
come a common clinical problem. The Chinese Society of 
Hepatology, Chinese Medical Association, organized domestic 
experts to summarize and analyze adverse liver reactions, 
as well as advances in the diagnosis and treatment relat-
ed to systemic therapy for liver cancer, both domestically 
and internationally. Based on this work, we formulated the 
“Consensus on the Management of Liver Injury Associated 
with Targeted Drugs and Immune Checkpoint Inhibitors for 
Hepatocellular Carcinoma”, aiming to provide practical rec-
ommendations and decision-making guidance for clinicians 
in hepatology and related specialties. This guidance focuses 
on the monitoring, diagnosis, prevention, and treatment of 
liver injury during targeted and immune checkpoint inhibitor 
therapy, ultimately helping more liver cancer patients benefit 
from targeted immunotherapy.
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Introduction
With advancements in the diagnosis and treatment of hepa-
tocellular carcinoma (HCC), alongside the development and 
clinical application of novel antineoplastic agents, molecular 
targeted therapies and immune checkpoint inhibitors (ICIs) 
have emerged as the cornerstone of systemic treatment for 
HCC. These therapies have demonstrated notable clinical 
efficacy; however, ensuring their safety and managing as-
sociated liver injuries are critical for optimizing therapeutic 
outcomes and improving prognosis. Since 2020, the combi-
nation of atezolizumab and bevacizumab has been recom-
mended as the first-line treatment for unresectable HCC by 
the European Society for Medical Oncology Clinical Practice 
Guideline. Following this, multiple novel targeted agents, 
ICIs, and combination regimens have gained guideline en-
dorsements and have been integrated into clinical practice. 
To better assist clinicians in the early identification, timely 
diagnosis, and standardized management of therapy-asso-
ciated liver injuries, and to enhance the objective response 
rate of antitumor treatments, improve patients’ quality of 
life, and extend survival, the Chinese Society of Hepatology 
convened experts from hepatology, oncology, hepatobiliary 
surgery, and other related disciplines. Based on domestic and 
international guidelines and consensus regarding molecular 
targeted drugs and ICIs for HCC, the expert panel evaluated 
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liver reserve function and liver biochemical indicators prior to 
treatment initiation, as well as the timing, primary mecha-
nisms, clinical and pathological features, and the prevention, 
monitoring, diagnosis, and management of liver toxicity and 
associated liver injury during treatment with various ther-
apeutic regimens. On this basis, we formulated the “Con-
sensus on the Management of Liver Injury Associated with 
Targeted Drugs and Immune Checkpoint Inhibitors for Hepa-
tocellular Carcinoma (version 2024)”.

The consensus development process
The consensus was formulated by a panel of experts, in-
cluding clinical epidemiologists, hepatologists, hepatobil-
iary surgeons, oncologists, laboratory technologists, and 
pathologists, organized by the Chinese Society of Hepatol-
ogy, Chinese Medical Association. The literature references 
included in this consensus encompass meta-analyses, ran-
domized controlled trials, non-randomized studies, obser-
vational studies, cohort studies, case reports, consensus 
and guideline opinions, expert views, and others. The pro-
cess of formulating this consensus followed the standard 
procedures and protocols used by authoritative domestic 
and international academic organizations for guideline de-
velopment. It involved defining the target population, us-
ers, and clinical issues. Recommendations were derived 
using the Delphi method and the nominal group technique. 
The formulation of the consensus adhered to the Grading of 
Recommendations Assessment, Development, and Evalua-
tion system, as employed by international organizations, 
including the World Health Organization. The quality of the 
evidence supporting the recommendations is categorized 
into levels A, B, C, and D, while the strength of the recom-
mendations is classified as strong (1) or weak (2), as shown 
in Table 1. The goal of this consensus is to provide practical 
suggestions and decision-making guidance for clinicians in 
hepatology and related specialties regarding the monitor-
ing, diagnosis, prevention, and management of liver injury 
associated with HCC treatment using molecular targeted 
drugs and ICIs. With the development of new molecular 
targeted drugs and ICIs, and the accumulation of clinical 
experience, this consensus will be continually updated and 
improved based on the latest clinical evidence.

Terminology
1.	HCC: HCC is a malignant tumor resulting from the abnor-

mal proliferation of hepatocytes. Histopathological differ-
entiation can be classified using either the World Health 
Organization grading system (well, moderately, or poorly 
differentiated) or the Edmondson-Steiner Grade (I–IV). 
The China Liver Cancer Staging system categorizes HCC 
into stages Ia, Ib, IIa, IIb, IIIa, IIIb, and IV.

2.	Molecular targeted drugs for HCC: These are drugs that ex-
ert antitumor effects primarily through anti-angiogenesis. 
They include multi-target tyrosine kinase inhibitors (TKIs) 
such as lenvatinib, sorafenib, donafenib, regorafenib, and 
cabozantinib; vascular endothelial growth factor (VEGF) 
receptor (VEGFR) antagonists such as apatinib; and VEGF/
VEGFR monoclonal antibodies such as bevacizumab and 
ramucirumab.

3.	ICIs: ICIs are molecules expressed on immune cells that 
regulate immune activation. They include programmed cell 
death 1 (PD-1), programmed cell death ligand 1 (PD-L1), 
and cytotoxic T lymphocyte-associated antigen-4 (CTLA-
4). ICIs target PD-1, PD-L1, and CTLA-4 to modulate the 
body’s immune response and exert antitumor effects.

4.	Immune-mediated liver injury caused by immune check-
point inhibitors (ILICI): ILICI refers to immune-related 
adverse events in the liver induced by ICIs. These events 
may result from off-target effects of ICIs, leading to im-
mune hyperactivation, regulatory T-cell depletion, and 
alterations in gut microbiota. Subtypes of ILICI include 
immune-mediated hepatitis (IMH) and immune-mediated 
cholangitis (IMC).

Incidence of liver injury associated with molecular 
targeted drugs and ICIs
The Chinese Society of Clinical Oncology Guidelines for the 
Diagnosis and Treatment of Primary Liver Cancer (version 
2024)1 and the American Society of Clinical Oncology Updat-
ed Guideline for Systemic Therapy for Advanced Hepatocellu-
lar Carcinoma2 both recommend atezolizumab combined with 
bevacizumab and durvalumab combined with tremelimumab 
as the preferred first-line treatment options for patients with 
HCC. Additionally, drugs such as sorafenib, lenvatinib, and 
durvalumab are also recommended for both first- and sec-
ond-line therapies. The Chinese guidelines, adapted to the 
national context, recommend sintilimab combined with a 
bevacizumab biosimilar, camrelizumab combined with apat-
inib, durvalumab combined with tremelimumab, donafenib, 
lenvatinib, and sorafenib as first-line treatment options. For 
second-line therapies, they recommend regorafenib, apatin-

Table 1.  Grading of evidence and recommendations

Evidence Descriptions

Quality of evidence

    High quality (A) Further research is unlikely to change confidence in the estimate of effect.

    Moderate quality (B) Moderate confidence in the observed value: The true value is likely close to the observed 
value, but there is still a possibility of a difference between them.

    Low quality (C) Limited confidence in the observed value: The true value may differ from the observed 
value.

    Very low quality (D) Low confidence in the observed value: The true value is likely to differ from the observed 
value.

Grades of recommendation

    Strong recommendation (1) Clearly indicate that the intervention’s benefits outweigh the harms or vice versa.

    Weaker recommendation (2) The balance of benefits and harms is uncertain, or evidence of any quality indicates that 
the benefits and harms are equivalent.
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ib, cabozantinib, camrelizumab, tislelizumab, pembrolizum-
ab, nivolumab combined with ipilimumab, and ramucirumab. 
While these therapies have demonstrated efficacy in treating 
HCC, early detection, grading, and management of drug-
induced liver injury (DILI) are critical to ensuring the suc-
cessful implementation of anticancer treatment regimens. 
Both molecular targeted therapies and ICIs, as mainstay 
treatments for intermediate- and advanced-stage HCC and 
anti-recurrence therapies for early-stage HCC, have been re-
ported to cause varying degrees of liver injury.

Hepatotoxicity associated with molecular targeted thera-
pies and ICIs in HCC is primarily characterized by abnormali-
ties in liver biochemical parameters, including elevated levels 
of alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST), and total bilirubin (TBIL). In severe cases, 
patients may experience hypoalbuminemia, coagulation dys-
function, ascites, and liver failure. The incidence rates of liver 
biochemical abnormalities induced by TKIs are as follows: 
ALT elevation, 8.97–17.13%; AST elevation, 13.66–24.60%; 
TBIL elevation, 9.64–18.92%.3–7 The VEGFR antagonist ap-
atinib was associated with a higher incidence of liver injury 
compared to other TKIs, with the following rates: ALT el-
evation, 24.90%; AST elevation, 38.13%; TBIL elevation, 
21.79%.5 Among patients treated with lenvatinib, approxi-
mately 7.8% experienced elevated alkaline phosphatase 
(ALP) levels, and 6.7% showed elevated gamma-glutamyl 
transpeptidase (GGT) levels.8 For sorafenib and regorafenib, 
rare cases of ascites and hypoalbuminemia have been re-
ported, with an incidence of 4–7%.9 Furthermore, fatal hepa-
totoxicity has been reported with sorafenib, lenvatinib, cabo-
zantinib, and ramucirumab.3,6,7

The incidence rates of ALT, AST, and TBIL elevations 
caused by PD-1 inhibitors, such as camrelizumab, pem-
brolizumab, and tislelizumab, ranged from 9.00–25.80%, 
12.04–26.73%, and 9.03–19.35%, respectively.10–12 When 
PD-1 inhibitors are combined with CTLA-4 inhibitors, such as 
nivolumab and tremelimumab, for the treatment of unresect-
able hepatocellular carcinoma (uHCC), the reported rates of 
ALT, AST, and TBIL elevations were 9.28–16.33%, 12.37–
20.41%, and 5.15%, respectively.13 For nivolumab combined 
with ipilimumab in uHCC, the rates of ALT and AST elevations 
were 12.84% and 17.57%, respectively.14

A meta-analysis of molecular targeted therapies combined 
with ICIs for the treatment of intermediate- to advanced-
stage HCC revealed that the incidence of hepatotoxicity was 
higher with TKIs combined with ICIs compared to VEGF/
VEGFR monoclonal antibodies combined with ICIs, with el-
evated TBIL being particularly common.15 The reported rates 
of ALT, AST, and TBIL elevations were 12.60–49.60%, 16.41–
54.04%, and 26.84–42.65%, respectively.15 Among the regi-
mens, atezolizumab combined with bevacizumab exhibited 
the lowest incidence of liver injury. The rates of Grade 3 or 
higher elevations in ALT, AST, and TBIL were 1.32–12.87%, 
1.84–16.54%, and 5.00–8.82%, respectively.15 A real-world 
study conducted in Europe reported a liver injury incidence 
rate of 22.1 per 100 patient-years for the atezolizumab/
bevacizumab regimen. Of these, Grade 1–2 liver injuries oc-
curred at a rate of 14.2 per 100 patient-years, while Grade 
3–4 liver injuries were observed in 8.6% of cases.16

The combination of TKIs and/or ICIs with transarte-
rial chemoembolization (TACE) or hepatic arterial infusion 
chemotherapy (HAIC) is increasingly utilized in the clinical 
management of intermediate- to advanced-stage HCC. A 
retrospective study from China reported that in cases of liv-
er injury caused by TACE combined with PD-1 inhibitors for 
advanced HCC, the rates of ALT, AST, and TBIL abnormali-
ties were 29.8%, 44.6%, and 21.3%, respectively. Among 

these, 44.6% of patients also exhibited hypoalbuminemia, 
although no Grade 3 or higher TBIL abnormalities were ob-
served.17 Fatal liver failure has been reported with TACE 
combined with camrelizumab in the treatment of hepatitis 
B virus (HBV) DNA-positive HCC with Barcelona Clinic Liver 
Cancer stage C.18

The rates of ALT and AST elevation associated with TKIs 
+ ICIs combined with TACE for HCC treatment ranged from 
24.24–46.30% and 14.60–30.80%, respectively.19–21 In a 
retrospective analysis by Han et al., data from 171 patients 
with uHCC were analyzed, including 45 in the TACE group, 
76 in the TACE + TKIs group, and 50 in the TACE + TKIs 
+ ICIs group. The rates of Grade 3 or higher ALT and AST 
elevations were 17.8%, 18.4%, 22.0% and 17.8%, 19.7%, 
30.0%, respectively, with no statistically significant differ-
ences among the groups.22 Another study reported on 71 
patients with advanced HCC treated with lenvatinib + to-
ripalimab + HAIC, showing ALT and AST elevation rates of 
64.79% and 69.01%, respectively.23 These findings suggest 
that liver injury incidence associated with TKIs + ICIs com-
bined with HAIC is significantly higher than with other com-
bination regimens.

Risk factors of liver injury induced by HCC molecular 
targeted drugs and ICIs

Underlying liver disease
Chronic HBV and hepatitis C virus (HCV) infections, along 
with impaired liver reserve function, are critical risk factors 
for hepatotoxicity induced by immune-targeted therapies. 
In patients with HBV- or HCV-associated HCC (HBV-HCC or 
HCV-HCC), the incidence rates of HBV reactivation (HBVr) 
and HCV reactivation (HCVr) during treatment with molecu-
lar targeted therapies combined with one or two ICIs were 
9% and 10%, respectively.4 For patients not receiving an-
tiviral therapy, the reactivation rates (HBVr or HCVr) were 
approximately five to eight times higher than those receiving 
antiviral treatment.24 The incidence of Grade 3 or higher liver 
injury during ICI therapy was significantly higher in patients 
with viral hepatitis compared to those without (28% vs. 6%, 
P = 0.023).25 Among patients with HBV-HCC treated with 
PD-1 inhibitors, the HBVr rate was approximately 5.3%.26 In 
HCV-HCC patients not receiving direct-acting antiviral agents 
(DAAs), CTLA-4 inhibitor therapy resulted in an HCVr rate of 
about 7.5%.27 Baseline liver reserve function is closely as-
sociated with the risk of hepatotoxicity caused by molecular 
targeted therapies. Sorafenib, lenvatinib, and regorafenib are 
more likely to induce liver injury in Child-Pugh B patients 
than in Child-Pugh A patients.28–30 Specifically, regorafenib 
is associated with a significantly higher rate of bilirubin el-
evation in Child-Pugh B patients compared to Child-Pugh A 
patients (15.3% vs. 3.6%).30

Genetic polymorphisms
Uridine diphosphate glucuronosyltransferase (UGT) 1A1 and 
UGT1A9 play distinct roles in the metabolism of sorafenib 
and regorafenib, respectively. In HCC patients carrying the 
UGT1A1*28 polymorphism, sorafenib has been reported to 
induce hyperbilirubinemia.31,32 UGT1A9 has been implicated 
in the onset and progression of regorafenib-related hepato-
toxicity.33 Due to its potential for liver toxicity, regorafenib 
carries a black box warning issued by the U.S. Food and Drug 
Administration.34

Drug types
Among molecularly targeted therapies, apatinib exhibits the 
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highest incidence of hepatotoxicity, with ALT, AST, and TBIL 
elevation rates of 24.90%, 38.18%, and 21.79%, respective-
ly.5 In combination regimens, camrelizumab co-administered 
with apatinib demonstrated the highest rate of liver injury, 
with ALT, AST, and TBIL elevation rates of 46.69%, 54.04%, 
and 42.64%, respectively.35

Other factors
Age and concomitant medication use significantly impact ICI-
associated hepatotoxicity. The risk of liver injury in individu-
als aged 30–50 years and 50–70 years is 4.9 times and 2.7 
times higher, respectively, compared to those over 70 years. 
Additionally, concurrent use of acetaminophen increases the 
risk by 2.1 times.36

Assessment and management of liver reserve func-
tion and baseline liver disease before molecular tar-
geted therapy and ICIs in HCC

Liver function assessment and management
Multiple guidelines recommend that patients eligible for mo-
lecular targeted therapy and ICIs for HCC should meet the 
following criteria: Child-Pugh score ≤ 7, ALT ≤ 3× upper 
limit of normal (ULN), and TBIL ≤ 1.5× ULN. The albumin-
bilirubin score can also be used to evaluate liver reserve 
function, with Grades 1–2 indicating eligibility.37,38 For pa-
tients with significant liver injury, etiology-based treatment, 
anti-inflammatory therapy, and hepatoprotective measures 
should be implemented to improve liver function. In cases 
of cirrhosis accompanied by hypoalbuminemia, ascites, or 
esophagogastric varices with or without bleeding, effective 
symptomatic and supportive treatment may enable some 
patients to recover sufficiently to meet criteria for initiating 
therapy. After assessing and improving liver reserve func-
tion, an esophagogastroduodenoscopy can be performed to 
evaluate esophagogastric varices. If necessary, treatments 
such as endoscopic variceal ligation, sclerotherapy, or tis-
sue adhesive therapy can be conducted. For patients with 
moderate to severe ascites or hepatic encephalopathy, active 
symptomatic and supportive treatments should be pursued, 
and anti-tumor therapy should only be considered once the 
condition stabilizes and meets required standards.

Baseline liver disease
1.	Chronic HBV and HCV infections: For HBV-HCC, the Guide-

lines for the Prevention and Treatment of Chronic Hepatitis 
B (version 2022) recommend initiating first-line antiviral 
therapy at least one week before starting targeted or im-
mune therapy to reduce or prevent HBVr-related liver 
injury.39 For HCV-HCC, early initiation of DAA therapy is 
advised, following the Guidelines for the Prevention and 
Treatment of Hepatitis C (version 2022).40

2.	Autoimmune liver diseases: A systematic review reported 
that among 123 patients with autoimmune liver disease 
receiving ICIs for anti-tumor therapy, 75% experienced 
exacerbation of liver injury, with most improving after glu-
cocorticoid treatment. Approximately 16% required ad-
ditional immunosuppressive therapy.41 In another study, 
among 22 patients with autoimmune liver disease treated 
with ICIs, the incidence of liver injury was 13.6%, with no 
cases of Grade 3 or higher liver injury.42 Thus, coexisting 
autoimmune liver disease is not an absolute contraindica-
tion for ICIs but requires close monitoring.

3.	DILI: For patients with a confirmed diagnosis of DILI who 
are in the active phase or undergoing anti-inflammatory 
and hepatoprotective treatment, initiating molecular tar-

geted therapy or ICIs is not recommended. After discon-
tinuation of suspected hepatotoxic drugs and with effec-
tive control of liver injury, molecular targeted therapy and/
or ICIs may be cautiously used under close monitoring.

Pathogenesis

Mechanisms of molecular targeted therapy-induced 
liver injury
Liver injury induced by molecular targeted therapies is pri-
marily classified as intrinsic or idiosyncratic DILI, with mul-
tiple coexisting pathogenic mechanisms. Potential mecha-
nisms include:

(1) The drug and its metabolites may inhibit the function 
of hepatic drug-metabolizing transporters on the hepatocyte 
membrane, impairing drug metabolism.43–46 (2) Polymor-
phisms in drug-metabolizing enzymes, such as cytochrome 
P450 (CYP450) and UGT, are associated with increased risk 
of liver injury. Specifically, CYP2D6 and UGT1A9 polymor-
phisms may elevate susceptibility to hepatotoxicity.33,47 (3) 
Drug-induced mitochondrial damage can trigger mitochon-
drial permeability transition, leading to hepatocyte apoptosis 
and necrosis.48,49 (4) Drugs may induce excessive reactive 
oxygen species generation through mechanisms such as 
mitochondrial damage, leading to macromolecule damage 
(proteins, nucleic acids), glutathione depletion, and disrupt-
ed intracellular homeostasis, ultimately contributing to liver 
injury.50–52 (5) Both innate and adaptive immune responses 
are implicated in liver injury.53–57 Human leukocyte antigen-
DRB1*07:01 and human leukocyte antigen-B*57:01 have 
been associated with increased risk of hepatotoxicity.58,59 (6) 
TKIs are metabolized via the CYP450 pathway, generating 
reactive metabolites and drug-protein adducts that induce 
mitochondrial dysfunction, oxidative stress, and endoplasmic 
reticulum stress. These insults lead to the release of dam-
age-associated molecular patterns (DAMPs), including high 
mobility group box 1, heat shock proteins, S100 proteins, 
and ATP, which activate innate immune components such as 
Kupffer cells, neutrophils, natural killer cells, natural killer T 
cells, and mast cells. This immune activation contributes to 
hepatocyte injury, immune cell recruitment, and stimulation 

Recommendation 1: Prior to initiating molecular 
targeted therapy and/or ICIs in HCC patients, baseline 
liver disease should be assessed and managed. If the 
patient’s Child-Pugh score ≤ 7, ALT and AST ≤ 3× ULN, 
TBIL ≤ 1.5× ULN, and albumin≥ 30 g/L, molecular tar-
geted therapies, ICIs, or combination regimens may be 
initiated (Grade A1).

Recommendation 2: All patients undergoing mo-
lecular targeted therapy and/or ICIs should be routinely 
screened for hepatitis B surface antigen (HBsAg), hepa-
titis B core antibody, and/or HBV DNA, as well as anti-
HCV, prior to treatment initiation. Patients with positive 
anti-HCV should undergo further screening for HCV RNA 
(Grade A1).

Recommendation 3: For patients who are HBsAg-
positive and/or HBV DNA-positive, antiviral therapy 
should be initiated at least one week before starting 
molecular targeted therapy and/or ICIs to reduce or 
prevent liver injury caused by virological reactivation 
(Grade A1). For patients with positive HCV RNA, DAA 
therapy can be administered either prior to or concur-
rently with anti-tumor treatment (Grade B1).
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of adaptive immunity. Reactive metabolites and drug-protein 
adducts can be presented by antigen-presenting cells, acti-
vating T cells, while damage-associated molecular patterns 
further stimulate antigen-presenting cells. A reduction in 
regulatory T cells impairs immune tolerance, exacerbating 
immune-mediated liver injury (Fig. 1).

Mechanisms of ICIs-associated liver injury
Immune-mediated ILICI is classified as indirect hepatotox-
icity. Although its exact mechanisms remain incompletely 
understood, T cell-mediated immune responses are consid-
ered the primary driver. Potential mechanisms include: (1) 
ICIs enhance T lymphocyte immunity, creating the over-
lap between tumor-associated and normal tissue antigens. 
CD8+ T cells may attack normal tissues and organs.60–64 (2) 
CTLA-4 inhibitors bind CTLA-4 on regulatory T cells, leading 
to regulatory T cell depletion via antibody-dependent cellu-
lar cytotoxicity and reduced secretion of anti-inflammatory 
cytokines.60,65,66 (3) ICIs influence recruitment of multiple 
helper T cell subsets, including Th1, Th2, and Th17. For ex-
ample, CTLA-4 inhibitors can induce Th1 proliferation, acti-
vating cytotoxic T lymphocytes and innate immune cells (Fig. 
1).60,66,67 The role of humoral immunity and other factors in 
ILICI remains unclear.

Clinical manifestations

Clinical symptoms
Liver injury induced by molecular targeted therapies and ICIs 
is a form of DILI and can be classified as hepatocellular, chole-
static, or mixed. Liver injury typically occurs within four to 
twelve weeks after initiating molecular targeted therapy or 
after one to three cycles of ICI treatment.68 CTLA-4 inhibitors 
are associated with more severe liver injury than PD-1/PD-L1 
inhibitors and tend to cause symptoms earlier (three weeks 
vs. 14 weeks). Fever is more commonly observed with CTLA-
4 inhibitors than with PD-1/PD-L1 inhibitors (71% vs. 11%).69 
Mild cases are often asymptomatic. Some patients may pre-
sent with nonspecific symptoms, including fever, fatigue, loss 
of appetite, nausea, discomfort in the liver area, and weight 
loss. Bilirubin elevation may cause yellowing of the skin, scle-
ra, and urine. Severe cases progressing to liver failure may 
exhibit progressive jaundice, petechiae, ecchymosis, ascites, 
peritoneal infections, and hepatic encephalopathy.68,70,71

Common extrahepatic adverse reactions to molecular tar-
geted therapies include: Cardiovascular system involvement 
may induce hypertension. Renal involvement may manifest as 
proteinuria and elevated creatinine levels. Involvement of the 
skin and mucous membranes presents with hand-foot syn-

Fig. 1.  Mechanisms and related cellular and molecular pathways of liver injury caused by targeted therapy and ICIs, alone or in combination. Tyrosine 
kinase inhibitors (TKIs) are metabolized via the cytochrome P450 pathway, which may be associated with the production of toxic intermediates. These drugs can also 
induce oxidative stress and activate apoptotic pathways, leading to the activation of immune responses. Immune checkpoint inhibitors (ICIs) deplete Treg cells, induc-
ing a reduction of anti-inflammatory cytokines and proliferation of CD8+ T cells. ATP, adenosine triphosphate; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; 
CYP450, cytochrome P450; DAMPs, damage-associated molecular patterns; TCR, T cell receptor; TKIs, tyrosine kinase inhibitors; VEGF, vascular endothelial growth 
factor; GSH, glutathione; HMGB1, high mobility group B1; UGT1A9, uridine diphosphate glucuronosyltransferase 1A9; ROS, reactive oxygen species.



Journal of Clinical and Translational Hepatology 20256

Zhao S. et al: Consensus on management of liver injury associated with targeted drugs and ICIs for HCC

drome and rashes. When the gastrointestinal tract is involved, 
abdominal pain, diarrhea, and other manifestations of colitis 
may occur. Hematologic system involvement can cause pan-
cytopenia, with thrombocytopenia being the most common.

Treatment with ICIs can affect multiple extrahepatic or-
gans. Pulmonary involvement may manifest as immune-re-
lated pneumonitis or interstitial pneumonia. Skin and mucosal 
reactions may include rashes, pruritus, vascular lesions such 
as telangiectasia, and immune-related cheilitis. Cardiac com-
plications may present as hypertension or immune-mediated 
myocarditis. Pancreatic involvement can lead to pancreatitis. 
Endocrine system involvement may present as hypothyroid-
ism, hyperthyroidism, hypophysitis, adrenal insufficiency, or 
diabetes.

Laboratory tests
In HCC patients receiving molecular targeted therapy and/or 
ICIs, liver injury is primarily characterized by elevated liver 
biochemical markers. In severe cases, decreased albumin 
and prolonged prothrombin time may occur, while complete 
blood counts generally remain unchanged.
1.	Liver biochemical markers: ALT, AST, TBIL, ALP, and GGT 

are commonly elevated. Markers of liver synthetic func-
tion, such as albumin and cholinesterase, may decline in 
severe cases.

2.	Coagulation markers: Prothrombin time, international nor-
malized ratio, and activated partial thromboplastin time 
may be prolonged. When prothrombin activity falls below 
40%, the patient has progressed to liver failure, requir-
ing immediate drug discontinuation and hepatoprotective 
treatment.

3.	Renal and bone marrow involvement: Renal impairment 
may present as elevated creatinine, blood urea nitrogen, 
and proteinuria. Bone marrow involvement may cause 
leukopenia and thrombocytopenia.

4.	Viral hepatitis markers: In cases of viral reactivation, el-

evated HBV DNA or HCV RNA may be detected.

Liver histopathology
Liver biopsy may be considered in the following scenarios: 
(1) When liver injury cannot be definitively attributed to HCC 
treatment and further investigation is needed to determine 
the underlying cause; (2) In cases of suspected ILICIs, where 
liver biochemical markers continue to rise or liver function 
deteriorates despite discontinuing ICIs and administering 
glucocorticoid therapy; (3) When liver injury is suspected to 
be associated with the progression of pre-existing disease 
after effective etiological treatment, such as antiviral therapy 
for HBV or HCV.72–74

1.	Molecular targeted therapy-associated liver injury: Liver 
injury induced by molecular targeted therapies shares his-
topathological features with DILI caused by other agents. It 
can manifest as hepatocellular, cholestatic, or mixed types, 
with lobular hepatocyte inflammation or necrosis. Severe 
cases may show confluent necrosis and/or bridging necro-
sis, accompanied by inflammatory bile duct injury, varying 
degrees of portal tract inflammation, and fibrosis.33,75–78

2.	ILICI: ILICI can be classified into IMH and IMC. Liver in-
jury associated with PD-1/PD-L1 inhibitors may present as 
IMH, IMC, or a combination. CTLA-4 inhibitor-induced liver 
injury is generally more severe, predominantly manifest-
ing as IMH. PD-1/PD-L1 inhibitor-associated liver injury 
exhibits significant histopathological heterogeneity, includ-
ing varying degrees of lobular and/or portal inflammation, 
hepatocyte swelling with vacuolar degeneration, and focal 
necrosis. Bridging necrosis is rare, and some hepatocytes 
may show intracellular cholestasis. The inflammatory infil-
trate primarily consists of CD4+ and CD8+ T cells, with oc-
casional central vein endothelialitis.69,79,80 In some cases, 
nodular regenerative hyperplasia and steatosis have been 
observed.79,81 Severe liver injury may show portal fibrosis 
or lymphocytic cholangitis, leading to vanishing bile duct 
syndrome (Fig. 2). CTLA-4 inhibitor-associated granu-

Fig. 2.  Common histopathological features of immune checkpoint inhibitor-mediated liver injury. (A) Focal central lobular necrosis with waxy cells (HE 
200×); (B) Lobular inflammation with hepatocellular and canalicular cholestasis (HE 200×); (C) Confluent hepatocyte necrosis and bridging necrosis (HE 200×); (D) 
CD8+ lymphocytic infiltration around necrotic areas and central veins (IHC 100×); (E) Biliary inflammation (HE 200×); (F) Central lobular venulitis with focal endothelial 
injury and hepatocellular cholestasis (HE 200×). HE, hematoxylin-eosin staining; IHC, immunohistochemical staining.
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lomatous hepatitis is characterized by extensive lobular 
injury, including sinusoidal histiocytic proliferation and 
inflammatory endothelialitis of the central vein. Fibroid 
granulomatous hepatitis exhibits a fibrin-ring morphology, 
composed of epithelioid cells with a central lipid vacuole 
surrounded by macrophages, encased by a fibrin ring, 
with an outermost layer of histiocytes. The inflammatory 
infiltrate primarily consists of CD8+ T cells, often accom-
panied by central venous dermatitis.79 IMC presents with 
mild to moderate portal inflammation without prominent 
interface hepatitis and rare plasma cells. Biliary epithelial 
cell injury and detachment may occur, occasionally leading 
to bile duct loss.69,79

Ultrasound imaging features of the liver and biliary 
system
Liver injury induced by molecular targeted therapies and ICIs 
generally lacks characteristic imaging findings. In patients 
with PD-1 inhibitor-associated liver injury, ultrasound may 
reveal non-specific abnormalities such as hepatic steatosis, 
hepatomegaly, perivascular edema around the portal vein, 
gallbladder edema, and lymphadenopathy in the peripher-
al portal vein or retroperitoneal region.82 In cases of liver 
failure, imaging may show hepatic atrophy, increased echo-
genicity and density of uneven liver parenchyma, and an in-
homogeneous texture, often accompanied by tortuous and 
rigid hepatic veins.

Diagnosis and differential diagnosis

Diagnosis
In HCC patients receiving molecular targeted therapy for 
more than one week or ICIs for four to twelve weeks, a diag-
nosis of DILI can be established if two or more of the follow-
ing criteria are met: (1) Presence of symptoms such as fe-
ver, fatigue, nausea, or generalized discomfort, accompanied 
by abnormal liver biochemical markers (including ALT, AST, 
ALP, GGT, TBIL, albumin, etc.); (2) Meeting the diagnostic 
criteria for DILI on the Roussel Uclaf Causality Assessment 
Method scale; (3) Liver injury improves upon dose reduction 
or discontinuation of therapy, worsens with continued use, 
or recurs upon rechallenge after liver function recovery; (4) 
Presence of hypertension, diarrhea, immune-related pneu-
monitis, myocarditis, or pancreatitis, indicating multi-organ 
toxicity associated with TKIs or ICIs; (5) Liver histopatholo-
gy suggests features consistent with DILI or ICIs-associated 
liver injury.

Severity classification
Referring to the Common Terminology Criteria for Adverse 
Events,83 the Drug-induced Liver Injury Network established 
in the United States in 2003,84 and the Chinese Guideline for 
the Diagnosis and Management of Drug-induced Liver Injury 
(2023 version),73 an optimized grading system has been pro-
posed for assessing the severity of molecular targeted thera-
py and ICIs-associated liver injury in HCC patients (Table 2).

Differential diagnosis
1.	Viral hepatitis reactivation: For patients with chronic HBV 

or HCV in a stable phase, liver biochemical abnormalities 
accompanied by HBV DNA or HCV RNA rebound before 
anti-tumor therapy suggest viral reactivation. Prompt ini-
tiation or adjustment of antiviral therapy can mitigate liver 
injury.

2.	Other drug-related DILI: During treatment with molecular 

targeted therapies and ICIs, the concurrent use of chemo-
therapeutic agents, antibiotics, lipid-lowering drugs, psy-
chotropic medications, traditional Chinese herbal medi-
cines, or dietary supplements may contribute to DILI. 
Discontinuation of the suspected drug and anti-inflamma-
tory/hepatoprotective therapy may lead to recovery.

3.	Autoimmune hepatitis: Liver injury in autoimmune hepa-
titis is characterized by elevated ALT and AST, presence of 
serum autoantibodies (such as antinuclear antibodies, an-
ti-neutrophil cytoplasmic antibodies, anti-smooth muscle 
antibodies, and anti-actin antibodies), and elevated serum 
globulin levels.85

4.	HCC progression: Liver biochemical abnormalities may 
result from hepatic metastases, portal vein thrombosis, 
or biliary obstruction. Imaging studies can assess tumor 
progression. A retrospective study of 491 HCC patients 
treated with pembrolizumab reported a 14.3% incidence 
of liver injury, with 52.9% attributed to intrahepatic HCC 
metastases rather than IMH.86

5.	Myocarditis/myositis: When AST is significantly higher 
than ALT, without concurrent elevation of ALP, GGT, or 
TBIL, ICIs-related myocarditis or myositis should be con-
sidered.

Management of molecular targeted therapy- and/or 
ICIs-associated liver injury in HCC
Once liver injury associated with molecular targeted thera-
py and/or ICIs occurs in HCC patients, management should 
be stratified based on severity. The fundamental principles 
include: (1) Immediate administration of anti-inflamma-
tory and hepatoprotective therapy upon the occurrence of 
drug-related liver injury; (2) Risk-benefit assessment of 
discontinuing medications and switching to glucocorticoid 
therapy based on the severity of liver injury; (3) Immedi-
ate discontinuation of therapy in cases of Grades 3–4 liver 
injury, with consideration to avoid using similar anti-tumor 
agents.

According to the Chinese Guideline for the Diagnosis and 
Management of Drug-induced Liver Injury (2023 version)73 
and recent clinical research advances, anti-inflammatory 
and hepatoprotective agents primarily include two types: 
anti-inflammatory and choleretic drugs. Anti-inflammatory 
and enzyme-lowering agents include bicyclol, diammonium 

Recommendation 4: During treatment with mo-
lecular targeted therapy, ICIs, or combination regimens 
for HCC, liver biochemical and coagulation markers 
should be monitored every two to three weeks (or at 
each ICI treatment cycle) (Grade A1).

Recommendation 5: Liver biopsy should be con-
sidered in HCC patients receiving molecular targeted 
therapy and/or ICIs under the following conditions: (1) 
Liver injury cannot be clearly attributed to anti-tumor 
therapy, necessitating further investigation; (2) Liver 
injury persists or worsens after discontinuation of ther-
apy and administration of anti-inflammatory, hepato-
protective, or glucocorticoid treatment (Grade B2).

Recommendation 6: In cases of new-onset liver 
injury or progression of pre-existing liver damage dur-
ing therapy, contrast-enhanced computed tomography 
(CT), magnetic resonance imaging (MRI), and tumor 
markers such as alpha-fetoprotein and des-gamma-
carboxy prothrombin should be assessed to exclude 
liver function deterioration caused by tumor progres-
sion (Grade A1).
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glycyrrhizinate, compound glycyrrhizin, magnesium isogly-
cyrrhizinate, silibinin, and silymarin. Hepatocyte membrane 
stabilizers and protective agents include polyene phosphati-
dylcholine.87 Choleretic and anti-jaundice agents include 
adenosylmethionine88 and ursodeoxycholic acid. N-acetyl-
cysteine may be administered in cases of severe liver fail-
ure. Ornithine aspartate can help lower ammonia levels in 
patients with hepatic encephalopathy, and artificial liver sup-
port therapy may be required in critical situations. Addition-
ally, patients with liver failure caused by adjuvant therapy 
during the perioperative period of HCC may be considered 
for a liver transplant.

A real-world retrospective study (GM-DILI-002) included 
1,710 patients with malignancies, among whom 633 had 
HCC, receiving molecular targeted therapy or ICIs. The study 
compared magnesium isoglycyrrhizinate and glucocorticoids 
for treating liver injury. The normalization rates of ALT, AST, 
and TBIL were 57.9%, 42.1%, and 61.4% in the magnesium 
isoglycyrrhizinate group, and 70.2%, 57.9%, and 75.4% in 
the glucocorticoid group, respectively. Differences in treat-
ment efficacy between the two groups were not statistically 
significant.89

Assessment and management of molecular targeted 
therapy-associated liver injury in HCC
Specific drug adjustment principles according to the grading 
of liver injury are detailed in Table 3.
1.	Grade 1 liver injury: Active anti-inflammatory and hepato-

protective therapy is recommended, and molecular target-
ed therapy can be continued. Liver biochemical markers 
should be monitored every one to two weeks until nor-
malization.90

2.	Grade 2 liver injury: Anti-inflammatory and hepatoprotec-
tive therapy should be administered. For drugs such as 
lenvatinib, apatinib, and regorafenib, dose reduction may 
be considered. Liver biochemical and coagulation markers 
should be monitored every one to two weeks.

3.	Grade 3 liver injury: Molecular targeted therapy should be 
temporarily discontinued, and anti-inflammatory, hepato-
protective, and supportive therapy should be initiated. Liv-
er biochemical and coagulation markers should be moni-
tored every three days. If liver function returns to normal 
and remains stable for one to two weeks, therapy may be 
reinitiated,90 with dose reduction considered for lenvatinib 
and apatinib.

4.	Grade 4 liver injury: Molecular targeted therapy should 
be permanently discontinued, and aggressive anti-in-
flammatory, hepatoprotective, and supportive therapy 
should be administered immediately. If necessary, plas-
ma exchange or the double plasma molecular adsorption 
system combined with plasma exchange artificial liver 
support therapy may be considered. Liver biochemical, 
renal function, and coagulation markers should be moni-
tored every one to three days until liver function normal-
izes and remains stable for at least two weeks. If the 
benefit-risk ratio favors continued treatment, reinitiating 
a different class of molecular targeted therapy may be 
considered.

Table 2.  Optimized Grading of Liver Injury Associated with Targeted Therapy and Immune Checkpoint Inhibitors in HCC

Items
Grading of Liver Injury

Grade 1 Grade 2 Grade 3 Grade 4

Symptoms and Signs No significant 
fatigue or 
gastrointestinal 
symptoms

Mild fatigue, de-
creased appetite, 
mild jaundice, and 
right upper abdomi-
nal pain/tenderness

Significant 
fatigue, poor 
appetite, 
nausea, and 
jaundice.

Extreme fatigue, pronounced 
jaundice; signs of hepatic 
decompensation/liver failure, 
including ascites, hepatic 
encephalopathy, bleeding 
tendency, and multiple organ 
failure, among others.

Liver Biochemi-
cal Markers (Based 
on baseline levels 
within three months 
prior to onseta)

ALT, AST 
(xULN)

>1–3 >3–5 >5–20 >20

ALP, GGT 
(xULN)

>1–2 >2–5 >5–20 >20

TBil (xULN) >1.0–1.5 >1.6–3.0 >3.0–10.0 >10.0

Coagulation function Normal PTA > 60%, INR 
within the nor-
mal range.

40% < PTA 
≤ 60%, 
INR < 1.5

PTA ≤ 40% and/or INR ≥ 1.5

Treatment require-
ments and prognosis

Continue anti-
HCC therapy

Discontinue HCC-
targeted therapy 
and provide symp-
tomatic hepatopro-
tective treatment.

Hospitaliza-
tion/extend-
ed hospital 
stay (<26 
weeks).

Liver transplant or death

HCC: Hepatocellular carcinoma; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-glutamyl transferase; TBil: 
Total bilirubin; PTA: Prothrombin activity; INR: International normalized ratio. a: For patients with abnormal baseline levels, liver injury grading is determined based 
on multiples of the baseline values.

Recommendation 7: For Grade 1 liver injury in-
duced by molecular targeted therapy, drug discon-
tinuation is not required. Oral anti-inflammatory and 
hepatoprotective therapy should be administered, and 
liver biochemical markers monitored every one to two 
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Management of ICIs-associated liver injury
ICIs-associated liver injury is predominantly IMH, and glu-
cocorticoid therapy is the primary treatment for Grades 3–4 
liver injury. A Spanish clinical trial involving 21 patients with 
HCV-HCC reported a 70% incidence of liver injury following 
tislelizumab treatment, with Grade ≥ 3 liver injury occurring 
in 45% of cases. Notably, none of the patients received glu-
cocorticoid therapy, and liver biochemical markers gradually 
returned to normal.91

Graded management of ICIs-associated liver injury:
1.	Grade 1 liver injury: Discontinuation of ICIs is not required. 

Liver biochemical markers should be monitored weekly. 
Oral anti-inflammatory and hepatoprotective therapy may 
be considered. Once liver function normalizes, hepatopro-
tective treatment can be discontinued.

2.	Grade 2 liver injury: ICIs and any other potentially hepa-
totoxic drugs should be temporarily discontinued. Aggres-
sive hepatoprotective therapy should be initiated. Liver bi-
ochemical markers should be monitored every three days. 
ICI therapy may be reinitiated once liver function returns 
to normal and remains stable for one to two weeks.

3.	Grade 3 liver injury: ICIs should be discontinued. Liver 
biochemical markers should be monitored every one to 
two days. Anti-inflammatory, hepatoprotective, and sup-
portive therapy should be administered. If liver injury con-
tinues to progress or does not respond adequately, gluco-
corticoid therapy should be initiated at a starting dose of 
methylprednisolone 0.5–1.0 mg/kg/day or an equivalent 
glucocorticoid.92 Upon clinical improvement, oral pred-
nisone 0.5–1.0 mg/kg/day may be used. If liver injury 

worsens during tapering, the dose should be increased.
4.	Grade 4 liver injury: Permanent discontinuation of ICIs 

is recommended. Liver biochemical, renal function, and 
coagulation markers should be monitored daily. Glucocor-
ticoid therapy should be administered at 1–2 mg/kg/day. 
If no improvement occurs after ≥3 days of intravenous 
glucocorticoids, an immunosuppressant such as mycophe-
nolate mofetil (500–1,000 mg orally twice daily) should be 
added. If mycophenolate mofetil is ineffective, tacrolimus 
combination therapy may be considered. Artificial liver 
support therapy should be initiated if necessary. Once 
liver injury improves to Grade 1 or below, glucocorticoids 
should be gradually tapered over four to six weeks, with a 
total treatment duration of at least four weeks.
An Italian study involving 58 HCC patients treated with 

ICIs reported that nine patients developed Grade ≥ 3 liver 
injury. Among them, six patients restarted ICIs therapy after 
liver injury resolved to Grade ≤ 1, and no recurrence was 
observed.25 Based on these findings, restarting ICIs after re-
covery from Grades 3–4 liver injury may be considered on a 
case-by-case basis.

Steroid-refractory ILICI: Steroid-refractory immune-me-
diated hepatitis is characterized by persistent liver dysfunc-
tion despite three to seven days of glucocorticoid therapy. In 
such cases, mycophenolate mofetil or azathioprine is recom-
mended.93,94 If glucocorticoid plus mycophenolate mofetil is 
ineffective or not tolerated, tacrolimus may be considered.95 
For patients receiving prednisone ≥ 30 mg/kg/d or requiring 
long-term glucocorticoid or immunosuppressant therapy for 
more than three weeks, an H2-receptor antagonist should be 
administered to prevent stress ulcers. In cases where IMC 
coexists, ursodeoxycholic acid may be added to the immuno-
suppressive regimen.

Table 3.  Recommended Dosage and Adjustment Principles for Molecular Targeted Therapy in Hepatocellular Carcinoma

Drug Type Recommended Dosage Number of Occurrences of Grades 2–3 Liver In-
jury and Dose Adjustment Principles

Lenvatinib Weight < 60 kg, 8 mg/d, oral First occurrence: 4 mg once daily; Second occurrence: 4 mg 
every other day; Third occurrence: Discontinue the drug

Weight ≥ 60 kg, 12 mg/d, oral First occurrence: 8 mg once daily; Second occurrence: 4 mg  
once daily; Third occurrence: 4 mg every other day

Sorafenib 400 mg, oral, twice daily; 400 mg, once daily; or discontinue the drug;

Regorafenib 160 mg, once daily, oral administra-
tion for 21 days, followed by a 7-day 
break, 28 days as a course of treatment

120 mg, once daily; or reduce to 80 mg, once daily; or discon-
tinue the drug.

Apatinib 750 mg, oral, once daily First occurrence: 500 mg, once daily; Second occurrence:  
250 mg, once daily; or discontinue the drug.

weeks. For Grade 2 liver injury, dose reduction of the 
targeted therapy may be considered, along with inten-
sive anti-inflammatory and hepatoprotective treatment 
until liver function normalizes (Grade A1).

Recommendation 8: For Grade 3 liver injury, dose 
reduction or temporary discontinuation of molecular 
targeted therapy is recommended, along with anti-in-
flammatory, hepatoprotective, and supportive therapy. 
Liver function should be monitored every three days. 
For Grade 4 liver injury, permanent drug discontinua-
tion and aggressive anti-inflammatory, hepatoprotec-
tive, and supportive therapy are necessary. Liver func-
tion, coagulation markers, and blood ammonia levels 
should be monitored every one to three days, and 
artificial liver support therapy should be considered if 
needed (Grade A1).

Recommendation 9: For Grade 1 ILICI, discon-
tinuation of ICIs is not required. Oral anti-inflammatory 
and hepatoprotective agents, such as bicyclol, polyene 
phosphatidylcholine, silymarin, diammonium glycyr-
rhizinate, and compound glycyrrhizin, may be adminis-
tered. Liver biochemical markers should be monitored 
weekly until stable for one to two weeks (Grade C1).

Recommendation 10: For Grade 2 ILICI, ICI ther-
apy should be temporarily discontinued. Anti-inflamma-
tory and hepatoprotective agents, such as magnesium 
isoglycyrrhizinate and polyene phosphatidylcholine, 
should be administered. Liver biochemical markers 
should be monitored every three days, and ICIs therapy 
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Management of liver injury associated with molecu-
lar targeted therapy combined with ICIs in HCC
For liver injury occurring in the context of molecular targeted 
therapy combined with ICIs, it is essential to identify and dif-
ferentiate the primary causative agent and manage the con-
dition according to the previously outlined recommendations. 
For ICIs combined with other anti-tumor therapies, such as 
TACE or HAIC, a comprehensive evaluation of etiology and 
liver injury severity should guide the timely implementation 
of effective anti-inflammatory and hepatoprotective meas-
ures. In cases of Grade 3 or 4 liver injury, the decision to 
restart molecular targeted therapy and/or ICIs and the selec-
tion of an appropriate treatment strategy should be based on 
the primary causative factor. If liver injury is not attributed 
to ICIs, ICIs therapy may be reinitiated after liver function 
recovery.

Follow-up and prognosis
For patients whose liver function has normalized and re-
mained stable for more than two weeks after adjusting mo-
lecular targeted therapy, ICIs treatment, or discontinuing the 
drug, follow-up should be conducted every four to six weeks. 
Comprehensive reassessment should include complete blood 
count, liver and kidney function tests, tumor markers, and 

contrast-enhanced abdominal CT or MRI.96,97 Additionally, 
chest CT and bone scans should be performed every six to 
twelve months.98 For HBV-HCC patients, serum HBsAg and 
HBV DNA levels should be re-evaluated every three to six 
months, and the follow-up plan adjusted accordingly.

The prognosis of liver injury induced by molecular tar-
geted therapy in HCC is generally similar to that of conven-
tional DILI. Grade 1–2 ILICI is typically well managed with 
timely intervention and does not lead to adverse outcomes. 
For Grade ≥ 3 ILICI, 70–80% of patients achieve ALT nor-
malization within 23–46 days following glucocorticoid thera-
py, whereas 20–30% show a poor treatment response, with 
ALT normalization occurring within 42–70 days using higher 
glucocorticoid doses or additional immunosuppressant treat-
ment.99,100 A study involving 536 patients receiving PD-1/
PD-L1 and/or CTLA-4 inhibitors reported a Grade ≥ 3 liver 
injury incidence of 3.5% (19 cases). Among these, 38% re-
covered spontaneously after ICIs discontinuation, while most 
of the remaining cases normalized liver biochemical markers 
with low-dose glucocorticoid therapy (0.5–1.0 mg/kg). Only 
one patient required high-dose glucocorticoids combined 
with immunosuppressive therapy for improvement.69

Management flowchart
The management flowchart for molecular targeted therapy 
and/or ICIs treatment in HCC is illustrated in Figure 3.

Unresolved clinical questions and future research 
directions

1.	Molecular mechanisms underlying molecular targeted 
therapy- and ICIs-associated liver injury in HCC.

2.	Variability in liver injury susceptibility among patients re-
ceiving different molecular targeted agents or ICIs, and 
the relationship between host genetic polymorphisms and 
liver injury risk.

3.	High-sensitivity and high-specificity serum biomarkers for 
monitoring and early diagnosis of HCC-related liver injury 
induced by molecular targeted therapy and ICIs.

4.	The potential role of prophylactic hepatoprotective agents 
in preventing molecular targeted therapy- and ICIs-asso-
ciated liver injury.

5.	Differences in the incidence and pathogenesis of liver in-
jury across different HCC stages under targeted therapy 
and/or ICIs treatment.
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