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G R A P H I C A L A B S T R A C T
� The hepatic adverse event (HAE) and
severe HAE incidence rate following
immune checkpoint inhibitor (ICI)
administration was 15.3% (1.8–81.8%)
and 4.3% (0–40.9%), respectively.

� ICI administration increased the risk of
HAE.

� Cytotoxic T-lymphocyte-associated pro-
tein 4 (CTLA-4) inhibitors were more
likely to be associated with HAE than
programmed cell death protein 1 (PD-1)
and programmed death-ligand 1 (PD-L1)
inhibitors.

� The total incidence rate of HAE induced
by ICIs is similar to that of conventional
anti-tumor therapy, but the degree of
liver injury tends to be more severe.

� There is a positive correlation between
the onset time of Immune-mediated hep-
atotoxicity and liver injury recovery time.
A R T I C L E I N F O
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Background: A hepatic adverse event (HAE) is defined as a liver injury that occurs following immune checkpoint
inhibitor (ICI) administration in oncology Patients. Immune-mediated hepatotoxicity (IMH) is a type of HAE
directly caused by ICI and is associated with immune system hyperactivation. HAE incidence varies across
different clinical studies. This study aimed to explore the risk factors of HAE and establish a personalized IMH
treatment strategy.
Methods: Randomized controlled trials (RCTs) on ICIs and case reports related to IMH were collected and sum-
marized separately. Meta-analysis was performed using Review Manager (version 5.0), whereas correlation
analysis and linear regression were performed using SPSS (version 24.0) to evaluate any correlations between the
two variables.
Results: Overall, 36 RCTs containing 18,515 patients and 39 case reports met our inclusion criteria. The ICI
administration increased the HAE risk (risk ratio [RR] ¼ 1.40) as well as severe HAE (RR ¼ 2.55). The overall
HAE incidence and severe incidence were about 15.3% and 4.3%, respectively. Cytotoxic T-lymphocyte-
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associated protein 4 (CTLA-4) inhibitors have a higher incidence of HAE than programmed cell death protein 1
(PD-1) and programmed death-ligand 1 (PD-L1) inhibitors. Finally, we found a positive correlation between the
onset time of IMH and the recovery time of liver injury.
Conclusions: ICI administration increased the incidence risk of HAE, especially in patients treated with CTLA-4
inhibitors. Regarding IMH treatment, the glucocorticoid dosage must be individually reduced according to the
severity and onset time of HAE.
Introduction

Immunotherapy plays an important role in cancer treatment. Acti-
vation of immune checkpoints, such as programmed cell death protein
receptor-1 (PD-1) or cytotoxic T lymphocyte-associated antigen 4 (CTLA-
4), can suppress lymphocyte activity,1 which in turn mediates tumor
immune escape.2 Immune checkpoint inhibitors (ICI) inhibit immune
checkpoints and facilitate tumor cell clearance. With the first approval of
ipilimumab by the United States Food and Drug Administration (FDA) in
2011 for metastatic melanoma, cancer therapy entered an era of immu-
notherapy. Subsequently, along with the success of checkmate 0373 and
keynote 001,4 the PD-1 inhibitors nivolumab and pembrolizumab have
been widely used to treat various tumors. ICI exerts anti-tumor efficacy
with associated toxicities, which are termed immune-related adverse
events (irAEs).5 Among them, liver toxicity directly mediated by ICI is
termed immune-mediated hepatotoxicity (IMH).6

By blocking immune checkpoints, ICI activates lymphocytes that kill
tumor cells. Immune checkpoints play a crucial role inmaintaining immune
homeostasis. ICI dysfunction may lead to immune disorders and an exces-
sive immune response.7 The mechanisms underlying irAEs mainly include
off-targeting ICI effects, co-antigens between self-antigens and tumor anti-
gens, antibody-mediated injury, and inflammatory cytokines.8 Kupffer cells
and hepatic sinusoidal endothelial cells can express PD-L1 in the liver,
which affects the function of regulatory T-cells (Treg) cells.9 Similarly,
CTLA-4, an inhibitory receptor on the surface of Treg cells, plays an
important role in immune tolerance maintenance, and studies have shown
that CTLA-4 deficiency induces immune dysregulation syndromes.10

Mild IMH may have no notable clinical manifestations that are
detectable during routine liver function monitoring. IMH diagnosis relies
mainly on liver function tests and the exclusion of other factors that may
cause liver damage.11 IMH severity is generally defined according to the
Common Terminology Criteria for Adverse Events (CTCAE), graded by
the level of hepatic function, including alanine transaminase (ALT),
aspartate aminotransferase (AST), total bilirubin (TBil), alkaline phos-
phatase (ALP), and gamma-glutamyl transferase (GGT).12 Transaminase
elevations of 1–3-fold, 3–5-fold, 5–20-fold, and 20-fold correspond to
grade 1 to 4 liver injury, respectively. Bilirubin elevation is more strin-
gent, with levels corresponding to 1–1.5-fold, 1.5–3-fold, 3–10-fold, and
10-fold. However, ICI is often used with other hepatotoxic drugs; thus, it
is difficult to precisely distinguish whether the liver injury was caused by
ICI alone. Therefore, liver injury occurring after the administration of ICI
is uniformly defined as a hepatic adverse event (HAE).

To date, many large prospective clinical studies regarding ICI for
tumor treatment have been reported presenting HAE. However, the
studies presented differences, such as the use of different ICI types and
co-administered drugs. These variations contribute to the reported inci-
dence rates and relative HAE risk ratios (RR). Hence, we performed a
meta-analysis regarding the incidence risk of HAE and conducted a
subgroup analysis to explore high-risk factors. In addition, we compiled
cases of severe IMH and proposed our own treatment strategies in an
effort to provide assistance for future clinical decisions.

Methods

Search strategies

We searched the PubMed, Embase, Web of Science, and Cochrane
databases from January 1, 2010, to December 31, 2021. The following
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search terms were used: “nivolumab” OR “ipilimumab” OR “pem-
brolizumab” OR “camrelizumab” OR “tislelizumab” OR “cemiplimab”
OR “sintilimab” OR “avelumab” OR “durvalumab” OR “atezolizumab”
OR “immune checkpoint inhibitor” OR “immune checkpoint blockade”
OR “PD-1” OR “PD-L1” OR “CTLA-4”) AND (“Hepatotoxicity” OR “IMH”
OR “hepatitis” OR “transaminitis” OR “liver injury” OR “liver damage”
OR “hepatic injury” OR “hepatic damage.” Duplicate studies were
removed from the retrieved literature and screened manually.

Inclusion criteria

The inclusion criteria for meta-analysis of HAE were as follows: (1)
type of study: phase 2 or phase 3 randomized controlled trial (RCT); (2)
population: oncology patients; (3) interventions with ICI in the treatment
group and without ICI in the control group; and (4) outcome indicators,
including specific definitions and detailed data of HAE (liver enzymes or
bile acids above the upper limit of normal). The inclusion criteria for IMH
case reports were as follows: (1) type of literature: case report and (2)
main content of the case report: grade 3 or higher IMH following ICI use.

Exclusion criteria

The exclusion criteria for meta-analysis of HAE were as follows: (1)
the outcome did not include specific HAE data or only recorded patho-
logically confirmed hepatitis and (2) literature quality evaluation: the
included literature was screened according to the modified Jadad scale,
and low-quality studies with scores of 1–3 were removed. The exclusion
criteria for the IMH case report were outcome indicators that did not
contain specific treatment methods, courses, or regression.

To ensure the reliability of the screening process and avoid subjective
bias, literature screening and methodological quality evaluation were
performed and checked independently by two investigators, and any
disagreement was further resolved via consultation of a third reviewer.

Data collection

The following data were collected from the HAE meta-analysis: study
name, trial phase, first author's name, year of publication, tumor type, ICI
type, co-administered medications, total number of patients, number of
patientswithHAE, andnumberof patientswith severeHAE. In the IMHcase
report section, collected data included: gender, age, tumor type, ICI type,
transaminase levels, total bilirubin levels, IMH onset time, IMH recovery
time (time taken from the onset of grade 3 IMH to recovery to grade 1),
maximumdoseof glucocorticoid, and co-administeredmedications for IMH.

Statistical analysis

Statistical analyses in the HAE meta-analysis section were performed
using ReviewManager 5.0 (RevMan 5.0). We calculated the RR of HAE in
the ICI group versus that in the control group. Forest plots were also
constructed using RevMan 5.0, and the fixed effect model was selected
for I2 < 50%, whereas the random effect model was used for I2 � 50%.
Statistical analysis in the case report section was performed using SPSS
(version 24.0). Correlation and linear regression analyses were used to
explore the correlations between the two variables. R2 indicated the
magnitude of the correlation, with a value closer to 1 indicating a
stronger correlation. A t-test was then used to verify differences between
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the means of two data sets, with P < 0.05 representing a statistically
significant difference.

Results

Search results

The detailed search strategy is shown in Figure 1. In brief, we
searched four databases, including Web of Science, PubMed, Embase,
and Cochrane, and found 3937 articles. After excluding duplicates, 1647
articles remained. Finally, 39 case reports13–49 and 36 RCTs50–84 con-
taining 18,515 patients were included.

Incidence and hepatic adverse event risk ratio

A total of 36 RCT studies were included in this study. First, we per-
formed a Cochrane risk-of-bias assessment using the methodology of the
36 included articles [Fig. S1]. All the articles used random assignment
methods with good data integrity and no selective reporting. Among
them, 14 studies achieved allocation protocol concealment, 21 used
double-blind trial design protocols, and 18 evaluated efficacy via a cen-
tral independent review board [Figure 2].

The basic information for each independent study is presented in
Table S1. The overall incidence of HAEwas 15.3% (1.8–81.8%), of which
the incidence was 18.7% (2.1–81.8%) for combination therapy (ICI in
combination with standard therapy) and 7.5% (1.8–19.8%) for single ICI
therapy. The total incidence of severe hepatotoxicity was 4.3%
(0–40.9%), of which the incidence was 6.3% (1.0–40.9%) for combina-
tion therapy and 2.4% (0–6.1%) for single ICI therapy.

The pooled RR of the 36 RCTs was 1.40, suggesting that ICI use
increased HAE risk [Figure 3]. The funnel plot indicated that seven
studies fall outside the 95% confidence interval line, suggesting hetero-
geneity between the studies [Figure 4A]. Additionally, I2 ¼ 68% > 50%
suggested the presence of heterogeneity. Grade 3 or higher liver adverse
events were reported in 34 of 36 RCT studies, with a RR of 2.55
[Figure 5]. The funnel plot exhibited an overall fair symmetry, suggesting
an insignificant bias [Figure 4B]. Considering the high overall hetero-
geneity, further subgroup analyses were performed.
Figure 1. Search process for included literat
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First,weconducteda trial design subgroupanalysis. The36 studieswere
divided into three categories: ICI þ ST (standard treatment) vs. ST, ICI vs.
placebo, and ICI vs. ST. Patients with ICI were 2.26 (1.22–4.19) times more
likely to experience liver injury than those treated with the placebo, which
suggested that the liver damage caused by ICI is objective. In the ICIþ ST vs.
ST group, the RR decreased to 1.41 (1.17–1.71), whereas in the ICI vs. ST
group, therewas nearly no difference in the incidence of hepatotoxicity (RR
¼ 1.09 [0.88–1.36]) [Fig. S2]. However, despite subgroup analysis, there
was still large heterogeneity, with I2 reaching 72% in the ICI þ ST vs. ST
group and 80% in the ICI vs. placebo group. Therefore, a sensitivity analysis
was performed by removing one article at a time. The results showed that in
the ICI þ ST vs. ST group, Robert et al.51 was the origin of heterogeneity.
Unlike other studies, the standard therapy in this study was not traditional
chemotherapy; therefore, the incidence rate of hepatotoxicity was signifi-
cantly lower than that in other groups. After excluding this study, I2

decreased to 44%with a corrected RR of 1.31. In the ICI vs ST group, Chen
et al.67 was the origin of heterogeneity with a high risk of bias. After
excluding this study, I2 decreased to 64%, with a corrected RR of 2.60
[Fig. S3]. The incidence of severe hepatotoxicitywas considerable higher in
the experimental group than in the control group in all three subgroups.
Furthermore, in the ICI vs. ST subgroup, the RR reached 2.00 (1.23–3.27)
[Fig. S4].These results suggested that ICIwas themost significant risk factor
for severe HAE. In contrast, HAE mediated by ST was predominantly mild.
Similarly, Robert et al.51 introduced substantial heterogeneity into the ICI
þ ST vs. ST subgroup, with I2 dropping to 51% after exclusion and a cor-
rected RR of 1.76 [Fig. S5].

Second, ICI-type subgroup analysis included CTLA-4, PD-1, and PD-L1
subgroups. The incidence of HAE was slightly higher in the CTLA-4
subgroup than that in the PD-1 and PD-L1 subgroups. The RR of HAE
was 1.53 (0.98–2.37) for the CTLA-4 subgroup, 1.32 (1.04–1.67) for the
PD-1 subgroup, and 1.37 (1.18–1.58) for the PD-L1 subgroup [Fig. S6]. A
comparable trend was observed in severe HAE analysis. The RR was 2.95
(1.03–8.42), 2.31 (1.69–3.15), and 1.52 (1.11–2.08) for the CTLA-4, PD-
1, and PD-L1 subgroups, respectively [Fig. S7]. Despite the high I2 value
in the CTLA-4 subgroup, no articles were found with significant hetero-
geneity. The above results suggest that the incidence of both total and
severe HAE was higher with CTLA-4 inhibitors than with PD-1 or PD-L1
inhibitors.
ure. RCTs: Randomized controlled trials.
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Severe immune-mediated hepatotoxicity

A total of 39 patients with severe IMH (�grade 3) were included in
this study. Among them, 25 were male, and 14 were female, with a
median age of 63 years. The cancer types were mainly melanoma (17
cases), lung cancer (13 cases), and kidney cancer (4 cases); other types
includedmalignant glioma, liver cancer, laryngeal cancer, bone giant cell
tumor, and bladder cancer. Four patients were treated with a CTLA-4
inhibitor (ipilimumab), 21 with a PD-1 inhibitor (11 pembrolizumab,
10 nivolumab), five with a PD-L1 inhibitor (three atezolizumab, two
durvalumab), seven with immune combination therapy (nivolumab
combined with ipilimumab), and two with ICI sequential therapy.

Among them, 14 patients presented grade 3 liver injury, of which 10
patients had elevated transaminase levels only, and four patients had
combined elevated total bilirubin (TBil). Another 25 patients had grade 4
liver injury, of which nine had elevated transaminase levels only, and 16
had significantly elevated TBil (grade 3/4). Five patients with grade 4
liver injury combined with elevated TBil levels died from acute liver
failure [Table S2]. IMH mainly occurred in the 1st–4th ICI treatment
cycles (30/39), with only nine patients occurring after the 5th cycle. The
average recovery time was 6 weeks, with 5.5 weeks for grade 3 IMH and
6.5 weeks for grade 4 IMH. Correlation analysis revealed a positive
correlation between the onset time of IMH and the recovery time
(Pearson correlation coefficient ¼ 0.712, P < 0.001) [Figure 6A].

Regular-dose glucocorticoid (1–2 mg/kg) was selected for more than
70% of patients, and shock-dose glucocorticoid (0.1 g) was selected for
only 10 patients (25.6%). There was no significant correlation between
the maximum glucocorticoid dose and the recovery time (Pearson cor-
relation coefficient ¼ 0.189, P ¼ 0.283) [Figure 6B]. The average re-
covery time was 5.5 weeks for patients with a regular dose of
glucocorticoids and 7.7 weeks for patients with a shock dose of gluco-
corticoids (P¼ 0.177> 0.05) [Figure 6C]. Mycophenolate mofetil (MMF)
and ursodeoxycholic acid (UDCA) were the most commonly used gluco-
corticoids severe IMH treatment. The mean time to recovery of liver
function was 5.9 weeks/7.2 weeks in patients with MMF or UDCA and 6.1
weeks/5.5 weeks in patients without MMF or UDCA, with no significant
difference (P1 ¼ 0.922 > 0.05; P2 ¼ 0.234 > 0.05) [Figure 6D and E].

Discussion

We performed a statistical meta-analysis on the incidence and risk of
HAE. The overall incidence of HAE was approximately 15.3% and the
incidence of severe HAE was approximately 4.3%. ICI subgroup analysis
revealed that CTLA-4 inhibitors were more likely to develop HAE than
PD-1 and PD-L1 inhibitors. There was no significant difference in the
overall incidence of HAE between the ICI and ST groups; however, the
incidence of severe HAE was 2.0 times higher in the ICI group than in the
ST group. This suggests that the total odds of liver injury induced by ICI
are comparable to those of conventional anti-tumor therapy; however,
the degree of HAE tends to be more severe. Therefore, if mild to moderate
HAE occurs in patients undergoing anti-tumor therapy with ICI combined
with chemotherapy, IMH should not be considered immediately. Clini-
cians should consider the chemotherapy-induced liver injury and select
an appropriate treatment strategy. In contrast, severe HAE is more likely
to be associated with ICI. Thus, severe HAE can be treated as IMH at an
early stage following the initial differential diagnosis.

The treatment strategy for severe IMH is based on glucocorticoids
with different doses depending on the severity of liver injury. A liver
biopsy is usually performed in patients with glucocorticoid-refractory
IMH. This can assist the differentiation of IMH from autoimmune dis-
ease, liver metastasis, or other diseases that may cause liver dysfunction.
In addition, liver biopsy can also help guide typing and specific treatment



Figure 3. Overall hepatic adverse events forest plot. ICI: Immune checkpoint inhibitors; CI:Confidence interval.
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regimens for IMH.11 According to liver biopsy, IMH can be broadly
classified into three types: (1) Hepatocellular injury, which manifests as
lobular hepatitis with inflammatory cell infiltration in the center of
lobules, accompanied by scattered focal necrosis, eosinophilic vesicles,
and granuloma formation. The clinical features are characterized by
Figure 4. Funnel plot. (A) Funnel plot for 36 RCTs of HAEs; (B) Funnel plot for 34 RC
adverse events.
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significantly elevated transaminases with normal or mildly elevated
bilirubin levels; (2) bile duct injury type, manifested as bile duct injury
with mild portal edema. The clinical features are characterized by
elevated bilirubin levels (severe cases may be accompanied by obvious
jaundice), with normal or mildly elevated transaminases; and (3) mixed
Ts of grade 3 or higher HAEs.RCTs: Randomized controlled trials; HAEs: Hepatic



Figure 5. Severe hepatic adverse events forest plot. ICI: Immune checkpoint inhibitors; CI: Confidence interval.
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hepatocellular and bile duct injury, characterized by both hepatocellular
and bile duct injury, with markedly elevated transaminase and bili-
rubin.85 Justine et al. suggested that the pattern of inflammation, degree
of lobular damage, presence of granulomas, and endothelialitis did not
predict the response to glucocorticoids. Furthermore, Tsung et al. re-
ported that 71.4% of patients with IMH had a cholestatic injury profile at
onset and were more likely to receive glucocorticoids (55% vs. 12%).86

Of the 25 patients with grade 4 liver injury in our analysis, 15 had mixed
injury (60%), of which five (33.3%) developed liver failure, whereas
neither grade 3 nor grade 4 liver injury patients with elevated trans-
aminase levels developed liver failure. This suggests that liver injury with
elevated bilirubin levels usually indicates severe tissue damage, which is
a high risk for liver failure and requires more aggressive treatment.

The first step in IMH diagnosis was to screen for possible causes of
HAE, such as hepatitis virus, opportunistic infections, autoimmune dis-
eases, and liver metastases. Tumor metastasis can be identified by
abdominal-enhanced computed tomography.86 Joana et al. reported that
five of eight patients with severe HAE were eventually diagnosed with
liver metastasis.87 In addition, liver metastases can cause acquired
immunotherapy resistance via CD8þ T-cell deletion.88 Autoimmune
hepatitis is another common cause of abnormal liver function and shares
some features with IMH. However, there were some notable differences
between them; autoimmune hepatitis tends to occur in middle-aged
women, and laboratory tests usually manifest as significantly elevated
serum immunoglobulin (Ig)G (or gamma-globulin) and positive
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autoantibodies (including antinuclear antibodies, anti-smooth muscle
antibodies, anti-liver microsomal type I antibodies, or anti-hepatocyte
cytoplasmic type I antibodies).89 In comparison, the IMH group
showed no female predominance. The majority of patients with IMH
were negative for anti-smooth muscle antibodies, antinuclear anti-
bodies, and IgG. Half of the IMH patients were positive for antinuclear
antibodies; thus, it was not a sufficient marker for distinguishing IMH
from autoimmune hepatitis.90

In the last section, we present a personal view of IMH therapy and
glucocorticoid tapering strategy [Figure 7]. Firstly, elevated bilirubin
levels indicated a high likelihood of serious tissue damage.91 If IMH is
accompanied by elevated bilirubin levels, UDCA should be added in time,
and IMH should be considered at a higher level. Second, previous algo-
rithms have suggested that grade 2 liver injuries require glucocorticoid
therapy. However, we found that immunotherapy combined with
chemotherapy was the dominant treatment modality and that mild liver
injury was more likely induced by chemotherapy. Therefore, we sug-
gested that glucocorticoid (0.5–1 mg/kg) should only be used for at least
grade 3 IMH. Glucocorticoid dosage in patients with grade 4 IMH should
be started at 1–2 mg/kg. If no improvement is observed within three
days, immunosuppressant MMF could be used in combination6.

MMF is one of the most widely used agents for IMH other than
glucocorticoids. A relationship between MMF and successful glucocor-
ticoid tapering in glucocorticoid-resistant IMH has been reported.38

Therefore, researchers use it as the first choice of treatment for IMH,



Figure 6. Correlation Analyses. (A) Correlation between liver injury time and liver function recovery time; (B) Correlation between maximum glucocorticoid dose and
liver function recovery time; (C) Liver function recovery time: routine dose glucocorticoid vs pulse dose glucocorticoid; (D) MMF effect on liver function recovery time;
(E) UDCA effect on liver function recovery time. MMF: Mycophenolate mofetil; UDCA: Ursodesoxycholic acid.
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after glucocorticoid therapy. Interleukin (IL)-6 is a multifunctional
pro-inflammatory cytokine secreted by lymphocytes and is associated
with T-cell activation, immunoglobulin secretion, and acute-phase pro-
tein synthesis initiation in the liver.92 Tocilizumab is an IL-6 monoclonal
antibody with a potential therapeutic effect against IMH.93 However,
Serviddio et al. found that tocilizumab caused hepatotoxicity in patients
Figure 7. Immune-mediated hepatitis treatment recommendations. IMH: Immune-m
mofetil; UDCA:Ursodesoxycholic acid; ATG:Anti-human thymus globulin; IVIG: Intra
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with COVID-19.94 Therefore, using tocilizumab for patients with IMH
should be carefully considered. Infliximab is a biological agent used to
treat irAE colitis. Although there was a report of successful treatment of
IMH with infliximab,36 it is not commonly recommended for liver injury
patients due to its hepatic damaging effects.95 Analysis of the correlation
between glucocorticoid dose and efficacy revealed that glucocorticoid
ediated hepatotoxicity; ICI:Immune checkpoint inhibitor; MMF: Mycophenolate
venous immunoglobulin.
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with shock doses (0.5–1 g) did not show significant efficacy and may
induce risk of infection; thus, it is not recommended as a priority. Other
drugs that have been reported, but lack large-scale validation, include
intravenous immunoglobulin (IVIG), thymocyte globulin, azathioprine,
tacrolimus, acetylcysteine, and budesonide.36

For patients with grade 4 IMH, the glucocorticoid dosage can be
gradually reduced when the liver function recovers to grade 2.96 How-
ever, our correlation analysis showed a positive correlation between the
time of liver function recovery and the time of liver injury onset.
Therefore, we suggest that the glucocorticoid taper speed could be
slowed to 8–10 weeks in patients with severe IMH that occurs after
multiple cycles of treatment. It is important to note that long-term
glucocorticoid use may cause bone calcium loss and secondary infec-
tion; thus, prophylactic anti-infection, calcium, and vitamin D supple-
ments for patients treated with glucocorticoids for >4–6 weeks are
necessary.97

Conclusion

As tumor therapy entered the immune era, ICI has been widely
applied to various cancer types. However, along with the large-scale
application of ICI in clinical practice, more types of irAEs are gradually
being recognized. The incidence and relative risk of HAE were summa-
rized by our meta-analysis, which provides clinicians with an intuitive
understanding of HAE. In addition, previous guidelines provide guidance
on the dosage of glucocorticoids, and clinicians could not determine the
duration of glucocorticoid application. Therefore, we performed an
analysis of the severe IMH reported in case reports and proposed an
individualized glucocorticoid reduction strategy that could contribute to
improved glucocorticoid management.
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