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Abstract
Background This meta-analysis examined the risk of hepatotoxicity in patients with solid tumors who received a PD-1/PD-L1
inhibitor alone, a PD-1/PD-L1 inhibitor plus chemotherapy, or chemotherapy alone.
Methods Potentially eligible studies were identified by searches of Embase and PubMed. All included studies were randomized
controlled trials (RCTs) that examined patients with solid tumors who received a PD-1/PD-L1 inhibitor and/or chemotherapy.
Results We included 20 clinical trials (11,634 patients). Thirteen trials compared PD-1/PD-L1 inhibitor monotherapy with
chemotherapy. These two groups had similar risk for elevated markers of hepatotoxicity (based on analysis of all marker grades
and high marker grades), although the PD-1/PD-L1 inhibitor group had an elevated relative risk (RR) of elevated aspartate
aminotransferase (AST; RR = 2.13, 95% CI = 1.04 to 4.36, P = 0.04) when considering high grades alone; however, this disparity
was not significant for comparisons of the pembrolizumab and nivolumab subgroups with the chemotherapy group. Compared
with chemotherapy, PD-1/PD-L1 inhibitors increased the risk of all-grade hepatitis (RR = 5.85, 95% CI = 1.85 to 18.46, P <
0.01), and high-grade hepatitis (RR = 5.66, 95% CI = 1.58 to 20.27, P < 0.01). Seven other studies compared PD-1/PD-L1
inhibitor plus chemotherapy with chemotherapy alone. The combined treatment led to a higher risk for all-grade hepatitis (RR =
2.14, 95% CI = 1.29 to 3.55, P < 0.01) and high-grade hepatitis (RR = 5.24, 95%CI = 1.89 to 14.52, P < 0.01), but these groups
had similar risk for all-grade and high-grade elevated markers of hepatotoxicity.
Conclusions Relative to chemotherapy alone, PD-1/PD-L1 inhibitors with or without chemotherapy increased the risk of all-
grade and high-grade hepatitis, but generally did not increase the risk of elevated blood markers of hepatotoxicity.
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Introduction

Cancer has been a leading cause of mortality among people
younger than 70 years old for more than 50 years [1].
Although cancer treatments are expensive throughout the
world, there are limited effective therapeutic approaches for
advanced malignancies. Immune checkpoint inhibitors (ICIs)
are the most recent breakthrough in the treatment of cancer,
and these agents have dramatically increased the therapeutic
options for treatment of multiple cancers. ICIs are now the
fourth pillar of cancer treatment, in addition to surgery, radio-
therapy, and chemotherapy.

The era of ICIs started in 2011 when the US Food and Drug
Administration (FDA) approved the new anticancer drug
ipilimumab, a fully human IgG1 antibody that blocks the cy-
totoxic T lymphocyte-antigen-4 (CTLA-4) on the surface of T
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lymphocytes . Subsequent ly, the FDA approved
pembrolizumab and nivolumab, the first two programmed
cell-death 1 (PD-1) inhibitors, and then atezolizumab,
durvalumab, and avelumab, inhibitors of programmed death-
ligand 1 (PD-L1). Clinical oncologists now use all of these
agents to treat multiple malignancies [2]. Oncologists current-
ly believe that during the development of cancer, an individ-
ual’s immune system becomes “tolerant” of cancer cells and
that alterations of immune checkpoint pathways downregulate
immune functions so that cancer cells can proliferate. The ICIs
inhibit the inactivation of T lymphocytes and thereby enhance
anticancer and cytotoxic effects.

However, by activating the immune system, ICIs can also
cause excessive immune reactions against healthy normal or-
gans, known as immune-related adverse events (irAEs) [3].
Specifically, ICIs can cause a variety of hepatic toxicities,
ranging from a mild increases of transaminase levels to life-
threatening liver failure. Other cancer treatments can also lead
to hepatic toxicities. For example, chemotherapeutic agents
are commonly implicated in the etiology of drug-induced liver
injury (DILI) [4]. Two recent meta-analyses [5, 6] examined
the risk of hepatotoxicity associated with ICIs using control
groups that received placebo, biologic agents, other ICIs, or
chemotherapy. In contrast, the present meta-analysis focuses
on liver damage and toxicity in patients who received PD-1/
PD-L1 inhibitors alone or in combination with chemotherapy.
The combined treatment of patients with anti-PD-1/PD-L1
agents and chemotherapy has become increasingly prevalent.
However, the effect of this more aggressive treatment on the
risk and severity of hepatotoxicity relative to chemotherapy
alone remains unknown.

The present systematic review and meta-analysis investi-
gated the relative risk of hepatotoxicity in patients with solid
tumors who received an anti-PD-1/PD-L1 agent alone, an an-
ti-PD-1/PD-L1 agent with chemotherapy, or standard chemo-
therapy alone.

Methods

This systematic review and meta-analysis was conducted ac-
cording to the guidelines of the Cochrane Handbook for
Systematic Review of Interventions [7], and the results were
reported according to the PRISMA Statement [8].

Search strategy

PubMed and Embase databases were searched for randomized
clinical trials (RCTs) using the following key words: “PD-1”,
“PD-L1”, “nivolumab”, “pembrolizumab”, “atezolizumab”,
“durvalumab”, and “avelumab” for publications on or before
September 11, 2019 (Supplementary Table S1).

Inclusion and exclusion criteria

All eligible studies were RCTs of humans with solid tumors;
had at least one control arm consisting of standard chemother-
apy; compared a PD-1/PD-L1 inhibitor vs. chemotherapy or a
PD-1/PD-L1 inhibitor plus chemotherapy vs. the same che-
motherapy agent (with or without placebo); and measured at
least one marker of hepatotoxicity in both study arms (alanine
aminotransferase [ALT], aspartate aminotransferase [AST],
bilirubin [BIL], alkaline phosphatase [ALP], gamma-
glutamyl transferase [GGT], and hepatitis).

Studies were excluded if they were phase I trials, single-
arm studies, or trials where patients had no adverse hepatic
events in either treatment arm; if patients received other agents
simultaneously, such as other ICIs and targeted drugs; if they
were retrospective studies, meeting abstracts, case reports, un-
finished studies, duplicate reports, letters, or reviews; and if
they were in any language other than English.

Data extraction

Two authors (XG and QS) independently evaluated all studies
for eligibility by initially checking the titles, abstracts, and full
texts of the studies following the patient, intervention, com-
parison, and outcome (PICO) chart [9]. The following infor-
mation was extracted from all eligible studies: first author’s
last name, year of publication, trial phase, treatment groups,
primary endpoint, underlying solid malignancy, number of
patients in each group, chemotherapy agents, and adverse
events (AEs). The two categories of AEs were all grade (1
to 5) and high-grade (3 to 5) liver AEs [10], namely increased
ALT, AST, BIL, ALP, GGT, and hepatitis. In these RCTs,
hepatitis was limited to immune-mediated or immune-related
AEs.

Data analysis

The risk of bias was assessed using Review Manager 5.3
software (Cochrane Collaboration 2014, Nordic Cochrane
Center, Copenhagen, Denmark). Two authors (XG and QS)
independently assessed the quality of the included RCTs using
the Cochrane risk of bias tool [11]. Relative risk (RR) and
95% CIs of all-grade and high-grade hepatotoxicity events
were the principal measures. Data analysis was performed
using R software (version 3.6.1) with the meta-package.

Heterogeneity among the RCTs was quantified using theQ
test and I2 statistics. If the I2 value was less than 50%, a fixed-
effects model was used; otherwise, a random-effects model
was used [12, 13]. Sensitivity analysis was performed by re-
moving one study at a time and recalculation of the results.
Potential publication bias was evaluated by Begg’s test and
Egger’s test. All P values were 2-tailed, and P value below
0.05 was considered significant.
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Results

Literature search

Our initial search of PubMed and Embase yielded 1884 po-
tentially relevant clinical trials. After removal of matching
studies from the two databases and review of the titles and
abstracts, we initially excluded 1733 studies because they did
not fulfill our criteria. The excluded studies included review
articles, retrospective studies, case reports, phase I/II trials,
single-arm studies, non-randomized clinical trials, and studies
of non-solid tumors. Further review led to the exclusion of
124 studies because they used combinations of different ICIs
or compared an ICI with an intervention other than chemo-
therapy. After review of the full-text of the remaining 27 stud-
ies, we excluded 7 trials because they had no information
related to hepatotoxicity (Supplementary Figure S1). The 20
eligible studies examined patients with non-small cell lung
cancer (NSCLC, n = 11), melanoma (n = 3), carcinoma of
the head and neck (n = 2), and small cell lung cancer,
gastro-esophageal junction cancer, urothelial carcinoma, and
breast cancer (1 each). None of the included chemotherapy-
controlled RCTs examined durvalumab. The 20 studies in this
meta-analysis examined 11,634 patients.

Thirteen of the 20 studies examined PD-1/PD-L1 inhibitor
monotherapy vs. chemotherapy alone, and the other 7 studies
examined PD-1/PD-L1 inhibitor plus chemotherapy vs. che-
motherapy alone. We did not include any of the PD-1/PD-L1
monotherapy studies that examined atezolizumab, because
none of them reported hepatic AEs in the chemotherapy
arm. The 13 studies of PD-1/PD-L1 inhibitor monotherapy
vs. chemotherapy examined patients treated with nivolumab
(6 studies, 1395 patients), pembrolizumab (6 studies, 2481
patients), and avelumab (1 study, 393 patients). The 7 studies
of PD-1/PD-L1 inhibitor plus chemotherapy vs. chemothera-
py examined patients treated with atezolizumab (4 studies,
1516 patients) and pembrolizumab (3 studies, 742 patients).

Tables 1 and 2 show the baseline details and the relevant all-
grade and high-grade hepatotoxic AEs in each trial. Analysis
using the Cochrane risk of bias tool indicated a low risk of bias
for all included studies (Supplementary Figure 2). In this anal-
ysis, we graded all laboratory values according to the National
Cancer Institute Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0 (Supplementary Table S2).

Hepatotoxicities: PD-1/PD-L1 inhibitor vs.
chemotherapy

All- and high-grade elevated hepatic enzymes (ALT, AST, BIL,
ALP, and GGT)

The PD-1/PD-L1 inhibitor and chemotherapy groups had no
significant differences in RR for all-grade elevated ALT, AST,

BIL, ALP, and GGT levels and no significant differences for
high-grade elevated ALT, BIL, ALP, and GGT levels (Table 3
and Supplementary Figure S3), but the PD-1/PD-L1 inhibitor
group had a greater RR for high-grade elevated AST (RR =
2.13, 95% CI = 1.04 to 4.36, p = 0.04; Fig. 1). However, the
RR of high-grade elevated ASTwas not significantly different
when comparing the pembrolizumab and nivolumab sub-
groups vs. chemotherapy (pembrolizumab: RR = 2.04,
95%CI = 0.78 to 5.32, P = 0.15; nivolumab: RR = 2.25,
95%CI = 0.76 to 6.63, P = 0.14; Supplementary Figure S4).

All- and high-grade hepatitis

When comparing pembrolizumab vs. chemotherapy, there
was a significant increase in the RR of all-grade hepatitis
(RR = 5.85, 95% CI = 1.85 to 18.46, P < 0.01) and high-
grade hepatitis (RR = 5.66, 95% CI = 1.58 to 20.27, P <
0.01; Fig. 2).

Hepatotoxicities: PD-1/PD-L1 inhibitor plus
chemotherapy vs. chemotherapy

All- and high-grade elevated hepatic enzymes (ALT, AST)

The two groups had no significant differences in RR for all-
grade and high-grade elevated ALT and all-grade and high-
grade elevated AST (Table 4 and Supplementary Figure S5).

All- and high-grade hepatitis

Compared with patients treated with chemotherapy alone,
those treated with a PD-1/PD-L1 inhibitor plus chemotherapy
were more likely to experience all-grade hepatitis (RR = 2.14,
95% CI = 1.29 to 3.55, P < 0.01) and high-grade hepatitis (RR
= 5.24, 95%CI = 1.89 to 14.52,P < 0.01). However, subgroup
analysis showed that pembrolizumab plus chemotherapy only
marginally increased the risk of high-grade hepatitis (RR =
7.31, 95% Cl = 0.98 to 54.44, P = 0.05) but that atezolizumab
plus chemotherapy significantly increased the RR of high-
grade hepatitis (RR = 4.53, 95% Cl = 1.39 to 14.76, P =
0.01). Comparison of the two combined treatments
(atezolizumab plus chemotherapy vs. pembrolizumab plus
chemotherapy) indicated no significant difference in the RR
for high-grade hepatitis (P = 0.69). Analysis of all-grade hep-
atitis indicated a greater RR in the pembrolizumab subgroup
(RR = 7.89, 95% CI = 1.05 to 59.07, P = 0.04) and the
atezolizumab subgroup (RR = 1.82, 95% CI = 1.07 to 3.09,
P = 0.03). As above, comparison of the two combined treat-
ments indicated no significant difference in the RR for all-
grade hepatitis (P = 0.17; Fig. 3).
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Deaths related to hepatotoxicity

Only two studies reported deaths due to treatment-related hep-
atotoxicity. Schmid et al. [31] reported that one patient treated
with atezolizumab plus nab-paclitaxel died from autoimmune
hepatitis and another patient treated with placebo plus nab-
paclitaxel died from hepatic failure. West et al. [33] reported
one death from hepatic cirrhosis following treatment with
atezolizumab plus chemotherapy.

Quality assessment and publication bias

We used a fixed effects model for all comparisons due to the
low heterogeneity among the included studies. The results of
Begg’s test and Egger’s test indicated no evidence of publica-
tion bias (Supplementary Table S3).

Discussion

Hepatotoxicity following ICI treatment is an uncommon but
clinically crucial and potentially life-threatening AE.
Although hepatocellular or mixed hepatitis with immune fea-
tures generally occurs within 2 to 12 weeks following initia-
tion of ICI treatment, it may occur at any time throughout
treatment, even 1 year after the first dose. Many cases are
asymptomatic or mild and require little to no intervention.
However, some cases are anicteric initially, but then worsen
and become life-threatening without proper intervention [34,
35]. Therefore, the American Society of Clinical Oncology
(ASCO) recommends that when a grade 1 liver function test
elevation occurs in a patient receiving an ICI, the patient
should be followed up with regular liver examinations (mea-
surements of AST, ALT, and BIL) before each dose and/or
weekly [36]. In practice, oncologists should be aware of the
severity and changes in the severity of AEs. Upon identifica-
tion of a patient with advanced liver damage or failure, the
National Comprehensive Cancer Network (NCCN)Ta
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Table 3 The risk estimates that compared PD-1/PD-L1 inhibitors vs.
chemotherapy

AE type RR (95%CL), P value

Grade 1–5 Grade 3–5

Increased ALT 1.19 (0.92–1.54), 0.18 1.58 (0.88–2.83), 0.12

Increased AST 1.33 (1.01–1.76), 0.05 2.13 (1.04–4.36), 0.04

Increased BIL 0.88 (0.31–2.44), 0.8 2.85 (0.12–69.71), 0.52

Increased ALP 0.97 (0.42–2.26), 0.95 0.91 (0.13–6.46), 0.93

Increased GGT 1.04 (0.46–2.36), 0.92 1.39 (0.52–3.75), 0.51
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recommends discontinuation of immunotherapy and initiation
of systemic corticosteroids [37].

The negative effects of different ICIs on hepatic function
remain controversial. A 2015 meta-analysis [5] reported no
statistically significant difference between CTLA-4 and PD-
1 inhibitors in a subgroup analysis, but a 2017 meta-analysis
[6] concluded that CTLA-4 inhibitors were more likely to
cause hepatotoxicity than PD-1 inhibitors. Additionally, the
2015meta-analysis indicated a causal relationship of ICI treat-
ment with high-grade elevated transaminase levels, but the
2017 meta-analysis showed that ICI treatment was associated
with a higher risk of all-grade and high-grade hepatotoxicity.
There may be several reasons for these different findings.
First, these two meta-analyses used different baseline and con-
trol groups. Specifically, the 2015 study compared

chemotherapy with PD-1 inhibitors, whereas the 2017 study
compared CTLA-4 inhibitors with several treatment regimens
(placebo, dual use of ICIs, and vaccines). Second, both meta-
analyses were limited by the small sample sizes of the targeted
subgroups. In particular, for the 2015 study, the subgroup
analysis of all-grade elevated ALT following PD-1 inhibitor
vs. chemotherapy only examined 3 articles. For the 2017
study, we are unaware of any protocol designed to examine
hepatotoxicity following CTLA-4 inhibitor monotherapy vs.
chemotherapy.

Our findings bridge a gap in knowledge by comparing
cancer patients’ risk of hepatotoxicity following PD-1/PD-
L1 inhibitors with or without chemotherapy vs. chemotherapy
alone. All of the 20 included studies had at least one control
arm that received standard chemotherapy alone. Our results

Fig. 1 Forest plot for high-grade AST elevation in studies that compared PD-1/PD-L1 inhibitors vs. chemotherapy

Fig. 2 Forest plot for hepatitis in studies that compared PD-1/PD-L1 inhibitors vs. chemotherapy
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indicated little or no difference in risk of elevated blood indi-
cators of hepatotoxicity for patients who received PD-1/PD-
L1 inhibitor monotherapy, a PD-1/PD-L1 inhibitor plus che-
motherapy, and chemotherapy alone. Although we found a
significant overall increase in the RR of high-grade elevated
AST with the use of PD-1/PD-L1 inhibitor rather than stan-
dard chemotherapy, the significance was borderline (P =
0.04), and our 95% CI was wider than reported by Bellmunt
et al. [25]. Furthermore, removal of the Bellmunt et al. study
from our meta-analysis led to no significant difference in the
risk of high-grade elevated AST. Thus, the finding of statisti-
cal significance was not stable.

There are reports of higher incidences of discontinuing ICI
treatment because of significant hepatotoxicity in patients re-
ceiving sunitinib or pazopanib with nivolumab for treatment
of renal cell carcinoma (RCC) [38] and using ipilimumabwith
BRAF inhibitors for treatment of melanoma [39]. These find-
ings may be explained by the toxic effects of the
antiangiogenic drugs rather than ICIs. Hence, clinical oncolo-
gists should carefully consider use of antiangiogenic drugs
and their doses when combining them with an ICI to improve
hepatic safety.

Our meta-analysis showed that, compared with standard
chemotherapy, PD-1/PD-L1 inhibitor monotherapy and PD-

1/PD-L1 inhibitor plus chemotherapy significantly increased
the risk of all-grade and high-grade hepatitis. We found no
descriptions of hepatitis in any of the trials that examined
nivolumab, but some case reports indicated immune-related
hepatitis after nivolumab treatment [35, 40].

We noticed that the elevated blood markers of hepatotox-
icity in these RCTs could be recorded for any reason, such as
immune-related liver injury or drug toxicity. Although the
reasons are different, PD-1/PD-L1 inhibitors and chemother-
apy have similar probabilities of causing elevated hepatic en-
zymes. However, investigators of these RCTs focused on
immune-mediated AEs, so all cases of hepatitis are immune-
related, not on toxic drug effects. Thus, it is more precise to
say PD-1/PD-L1 inhibitors increased the risk of immune-
related hepatitis. Unfortunately, there is no universally accept-
ed definition of immune-related hepatitis in the clinical litera-
ture. As a result, it is difficult to distinguish immune-related
hepatitis from other etiologies of liver damage. All types of
liver damage are generally characterized by fatigue, loss of
appetite, and asymptomatic increases of ALT, AST, and some-
times total BIL. However, based on histopathological find-
ings, it is very rare for patients using PD-1/PD-L1 inhibitors
to exhibit signs of liver damage. Moreover, patients with
immune-mediated hepatitis generally do not have symptoms
of autoimmune hepatitis, namely, plasma cell infiltration, se-
vere interface hepatitis, piecemeal necrosis, and rosette forma-
tion. Therefore, by first excluding these causes of induced and
autoimmune hepatitis, oncologists may be better able to diag-
nose immune-related hepatitis by consideration of the thera-
peutic regimen, laboratory tests, and a liver biopsy.

Hoofnagle et al. [4] classified drug-induced liver injury as
direct, indirect, or idiosyncratic hepatotoxicity. Specifically, in-
direct hepatotoxicity is caused by a drug’s effects on the liver,
rather than by its inherent toxicity or idiosyncratic properties

Table 4 The risk estimates that compared PD-1/PD-L1 inhibitors plus
chemotherapy vs. chemotherapy

.AE type RR (95%CL), P value

Grade 1–5 Grade 3–5

Increased ALT 1.23 (0.96–1.57), 0.11 1.12 (0.58–2.12), 0.176

Increased AST 1.52 (0.96–2.42), 0.07 1.50 (0.54–4.18), 0.44

Fig. 3 Forest plots for hepatitis in studies and subgroup analysis of different PD-1/PD-L1 inhibitors plus chemotherapy vs. chemotherapy alone
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(immunogenicity). This is exactly the case for ICIs, because
these drugs activate Tcells against tumor cells, and the activated
T cells then attack normal tissues, resulting in immune-related
toxicity in liver [3]. This is similar to the effect of various im-
munomodulatory agents, such as antineoplastic checkpoint in-
hibitors, which can also lead to immune-mediated liver injury.
These agents are also responsible for indirect drug-induced liver
injury, because they are monoclonal antibodies and are thus
unlikely to cause direct or idiosyncratic liver injury [4].

Although immune-induced liver injury and autoimmune
liver disorders can have a similar pathogeneses, they are actu-
ally different disease entities. In particular, Zen et al. [41]
compared the clinicopathologic symptoms of ICI-induced liv-
er injury and acutely presenting autoimmune hepatitis or idi-
osyncratic drug-induced liver injury. They found that patients
with ICI-induced liver injury had no antinuclear antibodies or
IgG elevations and that hyper-bilirubinemia was less common
than elevated liver enzymes. Although the extent of portal
inflammation and lobular injury did not significantly differ
among ICI-induced, autoimmune, and idiosyncratic drug-
induced hepatitis, there were some notable differences. In par-
ticular, centrilobular confluent necrosis and plasmacytosis in
ICI-induced liver injury were markedly less common and
milder than in autoimmune hepatitis; liver injury caused by
immunotherapy was associated with markedly fewer CD20+
and CD4+ lymphocytes than autoimmune hepatitis; and eo-
sinophilic infiltration was less common and there were fewer
CD20+ and CD4+ lymphocytes in immunotherapy-triggered
hepatitis than in idiosyncratic drug-induced liver injury. The
differences in lymphocyte subsets may be because PD-1 and
CTLA4 are mostly expressed by CD8+ cytotoxic T lympho-
cytes, and interactions between CD4+ helper T cells and B
cells may be less activated in immunotherapy-associated liver
injury than in the other types of liver injury.

Anti-PD-1/PD-L1 and anti-CTLA-4 monoclonal antibod-
ies (mAbs) can lead to different pathological features of
immunotherapy-associated liver damage. In fact, a histologi-
cal study by De Martin et al. [35] reported a relationship of
anti-CTLA-4 mAbs with granulomatous hepatitis, including
fibrin ring granulomas and central vein endotheliitis.
However, to the best of our knowledge, the histological pat-
tern in anti-PD-1/PD-L1 hepatitis is characterized by lobular
and non-granulomatous hepatitis. Although the histological
responses to PD-1/PD-L1 mAbs are diverse, there is a lower
incidence of liver irAEs to anti-PD-1/PD-L1 agents than anti-
CTLA-4 mAbs, and few records of PD-1/PD-L1 inhibitor-
induced hepatitis are available. Corticosteroid therapy is the
mainstay of irAE management, although the response of
immune-related liver injury to corticosteroid therapy can be
variable. Kopecky et al. [40] demonstrated a poor response to
corticosteroid therapy when cholestatic hepatitis occurred in
immune-mediated liver injury, and suggested use of a more
potent immunosuppressive treatment.

The results indicated that PD-1/PD-L1 with or without che-
motherapy did not increase the risk of elevated blood markers
of hepatotoxicity. On the whole, we think this regimen is safe
in clinical practice, although there is little known about
immune-related hepatitis. Furthermore, atezolizumab and
nab-paclitaxel could increase the risk of several critical clini-
cal endpoints, so we believe that there is need for more re-
search on iAEs to more thoroughly assess the safety of these
drugs.

Administration of chemotherapy or immunosuppressive/
biologic therapy to a subject with an inactive chronic or re-
solved hepatitis B virus (HBV) infection (anti-HBc+) can trig-
ger HBV reactivation (defined as the abrupt reappearance or
increase of HBV DNA in the serum of a patient with previ-
ously inactive or resolved HBV infection) [42]. As far as we
know, ICI-induced HBV reactivation is unlikely, and there are
no specific indications for the management of these subjects
receiving ICIs in the guidelines of the European Association
for the Study of the Liver (EASL) and the American
Association for the Study of Liver Diseases (AASLD) [42,
43]. Similarly, it should be safe to administer ICIs to treat
cancer patients with concurrent chronic hepatitis C. Actually,
there are no reported cases of HCV-related flares recorded in
any of the ICI trials. Moreover, several studies [44, 45] report-
ed that by increasing the activities of intrahepatic CD4+ and
CD8+ T cells, anti-PD-1 agents decreased HCV viremia. In
contrast, nivolumab-related hepatotoxicity is similar in pa-
tients with and without hepatocellular carcinoma (HCC) [46].

There were several limitations in this meta-analysis. First,
due to the lack of hepatic AEs reported in many studies, there
were only a limited number of eligible publications.
Moreover, because of the heterogeneity of the selected
RCTs, namely different diagnostic criteria, researchers, and
organizations, the identification of immune-related hepatotox-
icity may not be completely consistent. Second, we did not
have access to individual patient information or long-term
follow-up data of patients, so we did not consider the details
of immune-related hepatotoxicity. Similarly, although patients
with advanced tumors are generally prone to hepatic metasta-
ses, the lack of patient-level information limited our ability to
identify the specific abnormalities among patients with liver
irAEs. Lastly, all included studies excluded patients with
known autoimmune diseases, so the safety of PD-1/PD-L1
inhibitors for patients with pre-existing autoimmune diseases
remains unknown.

Conclusion

Our results indicated that ICIs have favorable hepatic safety
profiles and thus support efforts by clinicians to identify pa-
tients who are most likely to benefit from PD-1/PD-L1 inhib-
itor monotherapy and the ongoing development of PD-1/PD-
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L1 inhibitors in combination therapy regimens. However, the
infrequent irAEs in patients using ICIs should not be ignored.
Clinicians must remain aware of abnormal liver function, es-
pecially immune-related hepatitis, when using PD-1/PD-L1
inhibitors to treat patients with solid tumors so that these pa-
tients can bemanaged appropriately. Importantly, we found no
significant differences in the risk of elevated blood indicators
of hepatotoxicity for patients receiving PD-1/PD-L1 inhibitor
monotherapy, PD-1/PD-L1 inhibitor plus chemotherapy, or
chemotherapy alone.
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