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Highlights

e Liver injury related to immune checkpoint inhibitors (irLl) is
significantly more common in patients with HCC than
other malignancies.

e IrLlI does not negatively affect outcomes of patients with
HCC in terms of treatment discontinuation and hepat-
ic decompensation.

e Patients with HCC experiencing grade 1-2 irLl exhibit
significantly better overall survival and objective
response rates.
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Impact and implications

Immune-related liver injury (irLI) is common in patients with cancer
receiving immune checkpoint inhibitors (ICls), but whether irLI is
more frequent or it is associated with a worse clinical course in
patients with hepatocellular carcinoma (HCC), compared to other
tumours, is not known. Herein, we compared characteristics and
outcomes of irLl in two prospective cohorts including patients
treated with ICls for HCC or for other oncological indications. irLl is
significantly more common and it occurs earlier in patients with
HCC, also after adjustment for duration of treatment exposure.
However, outcomes of patients with HCC who developed irLI are
not negatively affected in terms of requirement for corticosteroid
therapy, hepatic decompensation, treatment discontinuation and
overall survival.
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Background & Aims: Immune-related liver injury (irLI) is commonly observed in patients with cancer treated with immune
checkpoint inhibitors (ICls). We aimed to compare the incidence, clinical characteristics, and outcomes of irLI between patients
receiving ICls for hepatocellular carcinoma (HCC) vs. other solid tumours.

Methods: Two separate cohorts were included: 375 patients with advanced/unresectable HCC, Child-Pugh A class treated with
first-line atezolizumab+bevacizumab from the AB-real study, and a non-HCC cohort including 459 patients treated with first-line
ICl therapy from the INVIDIa-2 multicentre study. IrLI was defined as a treatment-related increase of aminotransferase levels after
exclusion of alternative aetiologies of liver injury. The incidence of irLl was adjusted for the duration of treatment exposure.
Results: In patients with HCC, the incidence of any grade irLI was 11.4% over a median treatment exposure of 4.4 months (95%
Cl 3.7-5.2) vs. 2.6% in the INVIDIa-2 cohort over a median treatment exposure of 12.4 months (95% CI 11.1-14.0). Exposure-
adjusted-incidence of any grade irLl was 22.1 per 100-patient-years in patients with HCC and 2.1 per 100-patient-years in
patients with other solid tumours (p <0.001), with median time-to-irLI of 1.4 and 4.7 months, respectively. Among patients who
developed irLl, systemic corticosteroids were administered in 16.3% of patients with HCC and 75.0% of those without HCC
(p <0.001), and irLI resolution was observed in 72.1% and 58.3%, respectively (o = 0.362). In patients with HCC, rates of hepatic
decompensation and treatment discontinuation due to irLI were 7%. Grade 1-2 irLl was associated with improved overall survival
only in patients with HCC (hazard ratio 0.53, 95% CI 0.29-0.96).

Conclusions: Despite higher incidence and earlier onset, irLl in patients with HCC is characterised by higher rates of remission
and lower requirement for corticosteroid therapy (vs. irLI in other solid tumours), low risk of hepatic decompensation and treatment
discontinuation, not negatively affecting oncological outcomes.

© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction the approval of ipilimumab for the treatment of metastatic
melanoma in 2011," oncological indications for ICI therapy
rapidly expanded to most solid tumours either as mono or
combination therapy. Particularly, in advanced hepatocellular
carcinoma (HCC), the use of ICl-based therapies has led to an

The advent of immune checkpoint inhibitors (ICIs) has revolu-
tionised the management of patients with advanced stage
cancer, dramatically improving their survival outcomes. Since
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Immune-related liver injury in HCC and other solid tumours

increase in overall survival (OS), now reaching approximately 20
months in contemporary trials.>™

Approval of ICIs in HCC has represented a clinical break-
through in a disease invariably characterised by poor survival
outcomes in advanced stages, dictated by the lack of highly
effective systemic treatments and by the nearly universal
co-existence of cirrhosis. The mechanism of action of ICl therapy
relies on the inhibition of immune checkpoint molecules,
including programmed death protein 1 (PD-1), programmed
death-ligand 1 (PD-L1), and cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) leading to anti-cancer immune reconstitution.

The PD-1 and CTLA-4 pathway are physiologically involvedin
spontaneous immune tolerance.® Direct inhibition of these
pathways may result in the development of a spectrum of
adverse events of immune-inflammatory nature that are termed
immune-related adverse events (irAEs). Although toxicity can
affect any organ, the most commonly reported irAEs involve skin,
endocrine system, and digestive tract, including the liver.® The
occurrence of irAEs may have a detrimental impact on the
outcomes of patients with cancer due to the life-threatening
nature of irAEs and the risk of temporary or permanent discon-
tinuation of life-prolonging treatment.

The incidence of any grade immune-related liver injury (irLl) is
estimated to be between 1% and 15% in randomised-controlled
trials (RCTs), being higher with combinations of anti-PD-1/PD-L1
plus anti-CTLA-4 or chemotherapy than with monotherapies.”®
Clinical presentation is highly heterogeneous ranging from
asymptomatic derangement of liver function tests to liver failure
and, rarely, death.®""2

Incidence of ICI-induced liver injury is variable in patients with
HCC and - like other solid tumours — is strongly dependent upon
type of drug and treatment regimen, with higher risk being
recorded for anti-PD-1/PD-L1 plus anti-CTLA-4."®'* However,
in patients with a high prevalence of cirrhosis, irLI deserves
further attention due to the greater risk of hepatic decompen-
sation, liver failure and death. Unfortunately, RCT data is limited
to frequency of irAE and severity according to CTCAE criteria,
with little insight into clinical characterisation of irLI, management
strategies and impact on clinical outcomes. Moreover, it is
unknown whether irLI is more frequent or might have a more
severe clinical course in patients with HCC compared to those
receiving ICls for other oncological indications: a point of greater
consequence in routine practice and drug development.

To address this gap in knowledge, this study was designed
with the aim of comparing incidence, clinical characteristics and
outcomes of irLl between two prospective cohorts of patients
receiving ICls for HCC or for other oncological indications.

Patients and methods

HCC cohort

Consecutive patients with unresectable HCC who received
atezolizumab plus bevacizumab as routine clinical care in 20
tertiary care centres across Europe, the USA and Asia from
January 2019 to January 2023 were enrolled in a prospectively
maintained database, as previously described.'*'® For the aim of
this study, we included only patients who received atezolizumab
plus bevacizumab as first-line systemic treatment with available
data on immune-related liver toxicity. Patients with Child-Pugh
class B or C cirrhosis and patients who received combination
treatments including anti-CTLA-4 were excluded. Demographic,
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clinical and biochemical characteristics, including age, sex,
Eastern Cooperative Oncology Group-performance status
(ECOG-PS), Barcelona Clinic Liver Cancer stage, presence of
cirrhosis, aetiology of liver disease, Child-Pugh score, and
baseline serum alanine aminotransferase (ALT), alkaline phos-
phatase, bilirubin, albumin, international normalised ratio (INR)
levels and platelet count were recorded. Abnormal baseline ALT
and bilirubin levels were defined as levels higher than 1.5x the
upper limit of normal (ULN). Atezolizumab and bevacizumab
were administered according to the schedule reported in the
IMbrave150 RCT.? Treatment was administered following a
multidisciplinary assessment and according to the local practice
of each participating institution. Toxicity management, including
dose modifications, was carried out in accordance with the
summary of product characteristics for the two agents. Treat-
ment was continued until disease progression or unaccept-
able toxicity.

INVIDIa-2 cohort

Data on patients treated with ICls for advanced stage cancers
other than HCC were extracted from the INfluenza Vaccine
Indication During therapy with ICIs (INVIDIa-2) study database.
INVIDIa-2 was a multicentre prospective observational trial
aiming to investigate the effectiveness and safety of influenza
vaccine administration in patients with advanced cancer
undergoing systemic treatment with ICl-based regimens from
October 1, 2019, to January 31, 2020, at 82 Italian Oncology
Units as previously reported.’”"'® For the aim of this study, we
included only patients who received single-agent, first-line,
PD-1/PD-L1 checkpoint inhibitor monotherapy with available
data on immune-related liver toxicity. Patients who received a
combination of two or more immunotherapy agents or chemo-
immunotherapy combinations were excluded. Demographic,
clinical and biochemical characteristics, including age, sex,
ECOG-PS, location of primary tumour, liver metastases,
pre-existent chronic liver disease and baseline serum ALT and
bilirubin levels were recorded.

Outcomes

The overarching objective of the present study was to describe
and evaluate differences in incidence, management strategies
and clinical outcomes of irLl experienced during ICl-based
treatments across the HCC and the INVIDIa-2 cohorts. To
satisfy this aim, we assessed irLI| of any grade, grade 1-2 and
grade 3-4 separately.

IrLl was defined as an increase in the serum levels of ALT and/
or aspartate aminotransferase (AST) deemed to be treatment-
related and it was graded according to the National Cancer
Institute CTCAE v5.0. In patients with abnormal ALT levels (i.e.
>1.5x ULN) before treatment, irLI was graded according to the
severity of baseline derangement, as reported by CTCAE v5.0
criteria. Attribution of causality of liver toxicity was based on the
assessment of treating physicians at each centre and on the
exclusion of alternative aetiologies of liver injury, including viral
infections (new infection or reactivation from major or minor
hepatotropic viruses, including HAV, HBV, HCV, HDV, HEV,
CMV, EBV, HSV), active alcohol use disorder, autoimmune
aetiology, drugs other than ICls and disease progression. All
HBsAg-positive patients received antiviral treatment with
nucleos(t)ide analogues during immunotherapy as per clinical
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guidelines. All HBsAg-positive patients who experienced an
increase in ALT and/or AST underwent quantitative HBV-DNA
assessment to exclude HBV reactivation, while all HBsAg
negative, anti-HBc positive patients underwent periodic HBsAg
assessment every 3 months.

The primary study endpoint was determination of the
exposure-adjusted incidence rate (EAIR) of irLl in the two
cohorts. A time-adjusted endpoint was chosen to weight the
rate of irLI for the duration of ICI treatment exposure, given the
known relationship between incidence of toxicity and duration
of ICI exposure.’®

For the EAIR analysis, treatment exposure was computed
considering the time interval between IC| treatment start and
the date of irLI occurrence for patients experiencing irLI, and
the time interval between ICI treatment start and the date of
treatment interruption for patients not experiencing irLIl. The
treatment exposure interval for patients whose treatment was
ongoing at the data cut-off date was censored at the date of
last clinical follow-up.

Secondary outcomes included the cumulative rate of irLl,
time-to-irLI, duration of irLl, requirement for and duration of
systemic corticosteroid treatment, mortality related to irLI and
the cumulative rate of other irAEs.

Time-to-irLl was defined as the time interval between the
date of ICI treatment start and the date of irLl occurrence.
The duration of irLI was defined as the time interval between the
date of irLI start and the date of the resolution of irLI to grade
<1. We explored, in separate analyses, irLI duration among
patients who experienced resolution to grade <1 only and
including all patients by censoring alive patients with unre-
solved irLI at the date of last clinical follow-up.

In patients with HCC, hepatic decompensation was defined
as the occurrence of ascites, portal hypertensive bleeding or
hepatic encephalopathy.

IrAEs are considered bona fide pharmacodynamic effects
which are known to be associated with improved clinical
outcomes across different cancer types, including HCC.?%?'
However, different irAEs may carry differential clinical implica-
tions depending on the primary tumour sites and the targeted
organs, with skin and thyroid toxicities being among those
linked to improved oncological outcomes as opposed to
respiratory and liver toxicity, which carry independent negative
prognostic impact due to their impact on organ function.?%?2%*
Acknowledging the multifaceted relationship between irAEs
and outcomes, we assessed the impact of irLl of any grade,
grade 1-2 irLl and grade 3-4 irLl on OS, progression-free
survival (PFS) and objective response rate (ORR), comparing
patients experiencing irLI with those who experienced no irAEs
in each analysis.

OS was calculated from the date of initiation of ICI to the date
of death and/or last follow-up. PFS was calculated from the date
of initiation of ICI to the date of disease progression and/or
death. Patients who did not experience disease progression
were censored at the date of last radiological assessment for
PFS, while patients alive at the data cut-off date were censored
at the date of last clinical follow-up for OS. ORR was defined as
the proportion of patients who achieved, as the best response to
ICI, a complete or partial response compared to patients who
initially experienced stable or progressive disease as measured
by RECIST v1.1 criteria.?* Because emergence of AEs is time-
dependent,25 we further evaluated the association between irLlI
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and risk of death and disease progression/death, considering
the development of irLI as a time-varying covariate.

Statistical analysis

Continuous variables were reported as median and range or
IQR. Categorical variables were reported as absolute count and
percentages. Differences between continuous variables were
evaluated with Mann-Whitney U test, while differences between
categorical variables were evaluated with the %2 test.

The outcome of interest (irLI) was reported as frequency and
exposure-adjusted incidence rate. Incidence rates per 100
patient-years (PY) were calculated by dividing the total number
of patients experiencing irLI events by the sum of all patients’
time (in 100 years) of exposure during the treatment period. To
compare the EAIR between the two cohorts, a Poisson regres-
sion model was used, with number of events as the dependent
variable and log (exposure time) as the offset variable. Time to
event endpoints, including survival intervals, were computed
with the Kaplan-Meier method and compared with the log-rank
test. Given the limited sample size of subgroups, the ORRs were
reported as crude rates with binomial 95% Cls. Duration of
follow-up was calculated according to the reverse Kaplan-
Meier method.

Cox proportional-hazards regression was used for the
analysis of the risk of death (OS) and the risk of disease pro-
gression/death (PFS), and to compute the hazard ratios with
95% Cls. Cox proportional-hazards regression was also used
for the time-dependent supplementary analysis. Logistic
regression analysis was used for the analysis of ORR and to
compute odds ratios (ORs) with 95% Cls.

All p values were two-sided and confidence intervals set at
the 95% level, with significance pre-defined as <0.05. Analyses
were performed using the R-studio software, R Core Team
(2021). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna,
Austria, the MedCalc® Statistical Software version 20 (Med-
Calc Software Ltd, Ostend, Belgium; https://www.medcalc.org;
2021) and the SPSS statistics software version 23 (IBM Corp.
Released 2015. IBM SPSS Statistics for Windows, Version
23.0. Armonk, NY: IBM Corp).

Ethical considerations

The study was conducted according to the ethics guidelines in
the Declaration of Helsinki. For the HCC cohort, ethical
approval to conduct this study was granted following review of
the study protocol by the Imperial College Tissue Bank
(Reference  Number R16008) and locally by the ethical
committee of each participating site. For the INVIDIa-2 cohort,
Local Institutional Review Board approval was required for
each centre for inclusion in the study. Written informed consent
was obtained for all prospectively enrolled patients.

Results

Baseline

At the time of data cut-off (15" June 2023), 790 patients treated
with atezolizumab plus bevacizumab were included in the
HCC cohort. After removing patients not meeting the inclusion
criteria (Fig. 1), 375 patients were retained for analyses.
Patients’ distribution across centres is reported in Table S1.
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INVIDIa-2 study

USA (n = 119) Europe (n = 353) Asia (n = 318) Patients with advanced solid tumour
MD Anderson Cancer Center, TX (38) Univ. of Mainz, Germany (98) CHA Bundang Medical Center, g=aied Wlstg IItCa:i-::scee:t:(:gglmens e
Kansas University, KS (33) Univ. of Hamburg, Germany (92) Kfnrea. (17?) . (n=1,279)
Southwestern Medical Center, TX (26) Univ. of Wien, Austria (65) gﬁdalhl;llng{erslng, gapgn (::G) "
Oklahoma University, OK (22) Imperial College, UK (28) Tail\::n (i;)ca IREIElY (Rl
Univ. of Pisa, ltaly (20) Taipei Veterans General Hospital,
Humanitas Univ, Italy (17) Taiwan (12) No follow-up information
Univ. of Bologna, Italy (12) Asia University Hospital, Taiwan (5) + 20 patients
Univ. of Marche, Italy (9)
Biomedical Campus Rome, Italy (6)
Univ. of Freiburg, Germany (4)
Univ. of Hannover, Germany (2) Study population
l N =1,259
Study population
N =790 Excluded patients (n = 800):
« 613 Second- or further-line treatment
Excluded patients (n = 415): « 88 treated w!th chemo-ICl or TKI‘—IF}I combos
« 59 treated with CTLA-4/PD-1 inhibitors combos
« 98 Second- or further-line treatment + 2 treated with CTLA-4 inhibitors
* 165 Child-Pugh class B-C « 38 incomplete data on adverse events
+ 152 incomplete data on adverse events

Eligible for analysis
n =375

(

Eligible for analysis
n =459

J

¥

Immune-related liver Injury (irLl) comparative analysis

« Cumulative rate: (any grade irLl, grade 1-2 irLI, grade 3-4 irLI)
« Exposure-adjusted incidence rate: (any grade irLl, grade 1-2 irLI, grade 3-4 irLI)

Fig. 1. Flowchart illustrating the patient selection process. Flowchart of the selection process for patients with unresectable HCC treated with first-line atezoli-
zumab plus bevacizumab (HCC cohort) and patients with advanced stage solid tumours other than HCC treated with first-line anti-PD-1/anti-PD-L1 agents (INVIDla-2
cohort). Anti-PD-1, anti-programmed death-1; anti-PD-L1, anti-programmed death-ligand 1; CTLA-4, cytotoxic T-lymphocyte-associated protein 4; HCC, hepato-
cellular carcinoma; ICI, immune checkpoint inhibitor; irLI, immune-related liver injury; TKI, tyrosine kinase inhibitor.

Table 1 shows the baseline characteristics of these patients:
median age was 69.8 years and 78% of patients were male.
Most patients (64 %) were of ECOG-PS 0 and 62% belonged to
Barcelona Clinic Liver Cancer stage C. Cirrhosis was present in
72% of patients and HCV infection was the most common
aetiology, in 35% of patients. Most patients had preserved liver
function before atezolizumab plus bevacizumab commence-
ment, as shown by bilirubin, albumin and INR levels. Approxi-
mately 20% of patients had abnormal ALT levels (i.e. >1.5x
ULN) at baseline.

The INVIDIa-2 cohort included 1,258 patients treated with
ICls for tumours other than HCC. After removing patients not
meeting the inclusion criteria (Fig. 1), 459 patients treated with
single-agent, first-line, anti-PD-1/PD-L1 therapy were retained
for analyses. Patients’ distribution across centres is reported in
Table S2. Baseline characteristics of these patients are shown
in Table 2. Median age was 71 years, 70% of patients were
male and most patients (61%) had ECOG-PS 0. Non-small cell
lung cancer and melanoma were the most common tumours in
approximately 60% and 25% of patients, respectively, and only
10% of the overall cohort had liver metastases. Baseline
bilirubin and ALT levels were within normal range in 98% of
patients and only 2% had evidence of pre-existent chronic liver
disease. Among immunotherapy treatments, pembrolizumab
was used in 92%, nivolumab in 5% and avelumab in 2%.

Outcomes

In the HCC cohort, after a median follow-up time of 9.0 months
(95% CI 8.0-10.5), 43 patients (11.4%) experienced any grade

irLl, with a median treatment exposure time of 4.4 months (95%
Cl 3.7-5.2). Grade 3-4 irLI events were observed in 16 (4.3%)
patients. As shown in Table 1, no significant differences in
baseline characteristics were observed between patients who
developed irLl and those who did not, except for AFP levels,
which were significantly higher in patients who developed irLI.
The proportion of patients with abnormal baseline ALT levels
was 25.9% in patients who developed grade 1-2 irLl and 31.2%
in patients who developed grade 3-4 irLl. No cases of HBV
reactivation or HBsAg seroreversion were observed in patients
with HCC.

In the INVIDIa-2 cohort, after a median follow-up time
of 19.5 months (95% CIl 18.9-19.9), 12 patients (2.6%)
experienced any grade irLl, with a median treatment exposure
time of 12.4 months (95% CI 11.1-14.0). Grade 3-4 irLI| events
were observed in 5 (1.1%) patients. No significant differences
in baseline characteristics were observed between patients
who developed irLl and those who did not (Table 2).

The incidence of other irAEs in the two cohorts is reported in
Table 3. Patients in the INVIDIa-2 cohort showed a higher
frequency of endocrine, lung and skin irAEs compared to
patients with HCC.

Fig. 2 shows the EAIR of irLI in the two cohorts. Exposure-
adjusted incidence of any grade irLI was higher in the HCC
cohort (22.1 per 100-PY) compared to the INVIDIa-2 cohort (2.1
per 100-PY), as well as for grade 1-2 irLl (14.2 vs. 1.2 per
100-PY, respectively) and for grade 3-4 irLI (8.6 vs. 0.9 per
100-PY, respectively). irLI events occurred earlier in the HCC
cohort compared to the INVIDIa-2 cohort, with a median
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Table 1. Baseline characteristics of 375 patients with unresectable/advanced hepatocellular carcinoma treated with atezolizumab plus bevacizumab as

first-line systemic therapy, stratified according to the development of irLl.

Overall, No irLl, Any grade irLl, p value
n = 375 n = 332 (88.5%) n = 43 (11.5%)
Age, (years)
Median (range) 69.8 (24-89) 70.1 (24-89) 67.4 (39-87) 0.178
Elderly (70 yr) 187 (49.9) 169 (50.9) 18 (41.9) 0.265
Sex
Male 291 (77.6) 255 (76.8) 36 (83.7) 0.307
ECOG-PS
0 240 (64.0) 208 (62.7) 32 (74.4) 0.131
1 119 (31.7) 110 (33.1) 9 (20.9)
2 11 (2.9) 10 (3.0) 1.9
n.a 5(1.3) 4(1.2) 1@2.3)
BCLC
A 26 (6.9) 25 (7.5) 1@2.3)
B 113 (30.1) 94 (28.3) 19 (44.2) 0.625
C 232 (61.9) 209 (63.0) 23 (63.5)
n.a. 4(1.1) 4(1.2 0 (0.0)
Portal vein thrombosis 91 (24.2) 81 (24.4) 10 (23.3) 0.261
AFP (ng/ml), median (IQR) 74 (1,742.2) 70.6 (1,656.6) 107.2 (2,996.0) 0.030
Cirrhosis 270 (72.0) 238 (71.7) 32 (74.4) 0.883
Aetiology of liver disease
HBV 74 (19.7) 66 (19.9) 8 (18.6) 0.844
HCV 131 (34.9) 114 (34.3) 17 (39.5) 0.502
Alcohol 103 (27.5) 88 (26.5) 15 (34.9) 0.252
MASLD 56 (14.9) 48 (14.5) 8 (18.6) 0.473
Other 21 (4.0) 18 (5.4) 3 (7.0) 0.760
Child-Pugh score
5 219 (58.4) 190 (57.2) 29 (67.4) 0.202
6 156 (41.6) 142 (42.8) 14 (32.6)
Baseline bilirubin level, >1.5 ULN 24 (6.4) 21 (6.3) 3 (7.0) 0.925
Baseline ALT level, >1.5 ULN 74 (19.7) 62 (18.7) 12 (27.9) 0.341
Baseline albumin levels (g/dl)
Median (IQR) 3.7 (0.7 3.7 (0.7) 3.7 (0.7) 0.670
n.a. 3(0.7) 3(0.9) 0(0)
Baseline INR levels
Median (IQR) 1.1 (0.2) 1.1 (0.2) 1.1 (0.1) 0.328
n.a. 62 (16.5) 58 (17.5) 4 (6.4)
Baseline platelet levels (10°xL)
Median (IQR) 178 (127) 177 (125) 186 (131) 0.768
n.a. 16 (4.3) 16 (4.8) 0 (0)

AFP, alpha-fetoprotein; ALT, alanine aminotransferase; BCLC, Barcelona Clinic Liver Cancer; ECOG-PS, Eastern Cooperative Oncology Group-Performance status; INR,
international normalised ratio; irLIl, immune-related liver injury; MASLD, metabolic dysfunction associated steatotic liver disease; ULN, upper limit of normal.
Continuous variables are reported as median (IQR) and compared by using Mann-Whitney U test. Categorical variables are reported as absolute number (percentage) and compared

by 2 test. p values <0.05 were considered statistically significant.

time-to-any grade irLI of 1.4 (range 0.1-25.5) and 4.7 months
(range 0.9-12.8), a median time-to-grade 1-2 irLI of 1.8 (range
0.4-24.7) and 3.2 months (range 0.9-12.8), and a median
time-to-grade 3-4 irLI of 0.8 (range 0.1-25.5) and 5.3 months
(range 2.7-9.0), respectively.

At the time of data cut-off, 31 out of 43 patients (72.1%) who
developed irLl in the HCC cohort and 7 out of 12 patients
(58.3%) who developed irLI in the INVIDIa-2 cohort experienced
resolution to grade <1 of irLI (p = 0.362). The duration of irLI was
longer among patients from the INVIDIa-2 cohort than those
from the HCC cohort in both the analyses including only
patients who experienced resolution to grade <1 (3.6 months
[95% CI 0.4-7.9] vs. 1.1 months [95% CI 0.7-1.5]) and all the
patients who experienced irLI (6.6 months [95% CI 0.4-7.9] vs.
0.9 months [95% CI 0.7-1.4]).

Steroid treatment (with doses higher than 10 mg of predni-
sone or equivalent) was given in 7 out of 43 patients (16.3%) in
the HCC cohort and in 9 out of 12 patients (75.0%) in the
INVIDIa-2 cohort (p <0.001). Further details on characteristics
and duration of steroid treatment are reported in Table S3.
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Steroid therapy was administered for grade 3-4 irLI events in 5
out of 7 patients in the HCC cohort and in 5 out of 9 patients in
the INVIDIa-2 cohort. Median duration of systemic steroids was
2.3 months (95% CI 0.8-4.0) and 1.5 months (95% CI 0.4-4.9) in
the HCC and INVIDIa-2 cohorts, respectively.

Resolution without steroids occurred in 26 out of 31 patients
(83.9%) whose irLI resolved in the HCC cohort and in 1 out of 7
patients (14.3%) whose irLI resolved in the INVIDIa-2 cohort.

In the HCC cohort, irLI was associated with hepatic
decompensation in 3 patients (7.0%) all of whom developed
ascites. Overall, irLl resulted in treatment delay in 7 patients
(16.3%) and in permanent treatment discontinuation in 3
patients (7.0%). Death with unresolved irLl occurred in 7
(16.3%) and 2 (16.7%) patients in the HCC and INVIDIa-2
cohorts, respectively. No death could be directly attributed to
irLl in either cohort.

In the HCC cohort, patients who developed any grade irLl
had a median OS of 19.7 months (95% CI 15.0-not reached; 43
events) compared to 15.4 months (95% CI 13.0-19.6; 119
events) in patients who did not experience irAEs (Fig. 3A). The
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Table 2. Baseline characteristics of 459 patients with advanced stage solid tumours other than HCC treated with single anti-PD-1/anti-PD-L1 agents as first-
line systemic therapy (INVIDIa-2 cohort), stratified according to the development of irLI.

Total, No irLl, Any grade irLl, p value
n = 459 n = 447 (97.4%) n =12 (2.6%)
Age, (years)
Median (range) 71 (20-93) 71 (20-93) 70 (53-92) 0.789
Elderly (70 yr) 247 (53.8) 241 (53.9) 6 (50)
Gender
Male 323 (70.4) 312 (69.8) 11 (91.7) 0.102
ECOG-PS 0.269
0 280 (61.0) 274 (61.3) 6 (50.0)
1 150 (32.7) 146 (32.7) 4 (33.3)
>2 20 (4.3) 18 (4.0) 2 (16. 7)
n.a. 9 (1.9) 9 (2.0)
Primary tumour
NSCLC 276 (60.1) 267 (59.7) 9 (75.0 0.305
Melanoma 131 (28.5) 129 (28.9) 2 (16.7
Renal cell carcinoma 16 (3.5) 16 (3.6)
Urothelial 11 (2.4) 11 (2.5) -
H&N 7 (1.5 6 (1.3) 18.3)
Others 18 (3.9) 18 (4.0) —
Liver metastases 47 (10.2) 45 (10.1) 2 (16.7) 0.457
Baseline bilirubin levels
>1.5x ULN 7(2.9) 722 - 0.693
n.a. 131 (28.5) 126 (28.2) 5 (41.7)
Baseline ALT levels
>1.5x ULN 9 (2.5) 9 (2.6) - 0.647
n.a. 99 (21.6) 95 (21.2) 4 (33.3)
Pre-existent liver disease, yes 9 (1.9 8 (1.8) 1(8.3) 0.107
HBV 2 (0.4) 1(0.2) 18.3)
HCV 3 (0.6) 3(0.7) -
Non-viral 4 (0.9) 4 (0.9) -
Anti-PD-1/PD-L1 agents 0.344
Pembrolizumab 424 (92.4) 412 (92.2) 2 (100)
Nivolumab 24 (5.2) 24 (5.4) 0 (0)
Avelumab 11 (2.4) 11 (2.4) 0 (0)

ALT, alanine aminotransferase; anti-PD-1, anti-programmed death-1; anti-PD-L1, anti-programmed death-ligand 1; ECOG-PS, Eastern Cooperative Oncology Group-Performance
status; H&N, head and neck; HCC, hepatocellular carcinoma; irLl, immune-related liver injury; NSCLC, non-small cell lung carcinoma; ULN, upper limit of normal.
Continuous variables are reported as median (interquartile range) and compared by using Mann-Whitney U test. Categorical variables are reported as absolute number (percentage)

and compared by 2 test. P values <0.05 were considered statistically significant.

Table 3. IrAEs in 375 patients with unresectable/advanced HCC treated with Atezolizumab plus Bevacizumab as first-line systemic therapy (HCC cohort) and
in 459 patients with advanced stage solid tumours other than HCC treated with single anti-PD-1/anti-PD-L1 agents as first-line systemic therapy (INVIDIa-

2 cohort).
HCC (n = 375) Non-HCC (n = 459)

Any grade (%) Grade 1-2 (%) Grade 3-4 (%) Any grade (%) Grade 1-2 (%) Grade 3-4 (%)
Gastrointestinal 42 (11.2) 33 (8.9) 9 (2.4) 47 (10 2) 37 (8.1) 10 2.2)
Endocrine 11 (2.9) 10 (2.6) 1(0.3) 1(8.9) 39 (8.5) 2 (0.4)
Skin 37 (9.9) 36 (9.6) 1(0.3 58 (12.6) 56 (12.2) 2 (0.4)
Lung 3(0.8) 2 (0.5) 1(0.3) 15 (3.3) 10 (2.2) 5(1.1)
Neuromuscolar and rheumatologic 14 (3.7) 11 (2.9) 3(0.8) 27 (5.9) 26 (5.7) 1(0.2)

Anti-PD-1, anti-programmed death-1; anti-PD-L1, anti-programmed death-ligand 1; HCC, hepatocellular carcinoma; irAEs, immune-related adverse events.

Categorical variables are reported as absolute number (percentage).

emergence of grade 1-2 irLl was significantly associated with
longer survival (hazard ratio 0.53, 95% CI 0.29-0.96), while no
significant associations were observed between any grade irLI
or grade 3-4 irLl and OS. Notably, these results were confirmed
also by time-dependent Cox regression analysis (Table 4).
Median PFS was 8.0 months (95% CI 4.2-17.6; 28 events) in
patients who developed any grade irLI and 7.4 months (95% CI
6.1-8.5; 178 events) in patients who did not experience irAEs
(Fig. 3B). No significant associations between any grade irLl,
grade 1-2 irLl or grade 3-4 irLl and PFS were observed,
including when considering the development of irLI as a time-
varying covariate (Table 4). ORRs were 35.9% (95% CI
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21.2-52.8), 44.0% (95% Cl 24.4-65.1), 21.4% (95% CI 4.6-50.8)
and 22.9% (95% CIl 17.7-28.9) in patients with any grade irLl,
grade 1-2 irLl, grade 3-4 irLI and in those without irAEs,
respectively. Grade 1-2 irL| was associated with a significantly
higher probability of achieving tumour response (OR 2.64, 95%
Cl 1.13-6.16), while no significant associations were found for
any grade irLI (OR 1.88, 95% CI 0.91-3.87) and grade 3-4 irLI
(OR 0.92, 95% CI 0.25-3.40).

In the INVIDIa-2 cohort, 444 and 449 patients were included
in the OS and PFS analysis, respectively (none of the excluded
patients due to missing follow-up information were among
those who experienced irAEs including irLl). Median OS was
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Fig. 2. Exposure-adjusted incidence rate of irLl in patients with HCC and in
patients with advanced stage solid tumours other than HCC treated with
first-line ICl-based therapy. Columns represent exposure-adjusted incidence
rates per 100 patient-years. Exposure-adjusted incidence rates between the two
cohorts were compared by using a Poisson regression model, with number of
events as the dependent variable and log (exposure time) as the offset variable.
p values <0.05 were considered statistically significant. HCC, hepatocellular car-
cinoma; ICl, immune checkpoint inhibitor; irLI, immune-related liver injury; PY,
patient-years.

22.7 months (95% CI 16.3-not reached; 5 events) in patients
who experienced any grade irLl and 27.9 months (95% CI 18.7-
not reached; 101 events) in patients who did not experience
irAEs (Fig. 3C). Median PFS was 16.3 months (95% CI 16.2-not
reached; 6 events) in patients who experienced any grade irLI
and 12.6 months (95% CI 9.4-18.3; 141 events) in patients who
did not experience irAEs (Fig. 3D). No significant associations
between any grade irLl, grade 1-2 irLI or grade 3-4 irLI and OS
or PFS were observed, including when considering the devel-
opment of irLI as a time-varying covariate (Table 4). ORRs were
72.7% (95% CI 39.1-93.9), 66.7% (95% CIl 22.2-95.7), 80.0%
(95% CI 28.3-99.5) and 35.3% (95% CI 29.0-41.2) in patients
with any grade irLI, grade 1-2 irLIl, grade 3-4 irLI and in those
without irAEs, respectively. IrLi of any grade (OR 4.89, 95% CI
1.26-18.97) were associated with a significantly higher proba-
bility of achieving tumour response, while no associations were
found for grade 1-2 irLlI (OR 3.67, 95% CI 0.65-20.48) and
grade 3-4 irLI (OR 7.34, 95% CI 0.80-66.81).

Discussion

IrLI during treatment with ICls is relatively common in patients
with cancer.” Although often identified because of elevation in
ALT/AST levels, correct identification remains challenging since
no specific diagnostic criteria exist and a definitive diagnosis is
mainly based on the exclusion of alternative causes of
liver injury.?®

IrLIis particularly relevant in patients with HCC due to the high
proportion of patients with pre-existing liver dysfunction. The
high proportion of patients who present with higher baseline
ALT/AST levels is a challenge to an accurate diagnosis of irLI. In
addition, the onset of irLI may negatively impact oncological
outcomes, resulting in treatment discontinuation and the need
for high-dose steroid use, a universally advocated disease-
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modifying therapy which may cause long-term sequelae from
metabolic disturbances and immunosuppression.

Our study shows that irLl occurred in 11.5% of patients with
HCC and in only 2.6% of patients with advanced stage solid
tumours, rates that are superimposable to those reported in
IMbrave150 for HCC (2, 3), and in meta-analyses inclusive of
solid tumours (2%).” Moreover, our results are similar to those
reported in a recent cohort study of 1,500 patients with cancer
treated with ICls, where higher rates of hepatic AEs were
observed in patients with liver cancer compared to those with
non-hepatic primary malignancies.?’

As expected, the two cohorts we compared were different in
terms of baseline characteristics. Patients with HCC had a
higher prevalence of cirrhosis and a higher prevalence of
abnormal liver function tests at the time of treatment initiation
compared with patients with tumours other than HCC.
Conversely, patients from the INVIDIa-2 cohort had a lower
proportion of intrahepatic tumour burden, with only 10%
prevalence of liver involvement at the time of treatment
initiation. Intrinsic differences in baseline characteristics and
differential responsiveness to ICls are likely determinants of the
difference in the median duration of treatment exposure: three
times shorter in patients with HCC compared with patients with
other tumours (4 vs. 12 months).

Despite this difference, we confirmed a 10-fold higher inci-
dence and earlier onset of irLI in patients with HCC vs. those
with non-hepatic primary malignancies after adjustment for the
duration of treatment exposure, with adjusted incidence rates
of 22.1 and 2.1 per 100-PY, respectively. Acknowledging the
difference between the two cohorts, this is the first study that,
to the best of our knowledge, provides clear estimates of a
treatment exposure-adjusted comparison for the incidence of
irLl in patients with HCC and in those with other advanced
stage cancers.

The prospective design of the two cohorts we evaluated
allowed us to assess clinically relevant characteristics related
to irLl, in terms of its duration, management, impact on treat-
ment discontinuation, liver decompensation and mortality.

Despite the higher incidence observed in patients with HCC,
irLl was associated with resolution in more than 70% of
patients, with only 16% of patients with HCC receiving steroid
treatment, mostly due to grade 3-4 events. Moreover, we found
that up to 80% of patients with HCC who experienced reso-
lution of irLI did not receive steroid treatment. The lower use of
steroids in patients with HCC compared to those with other
advanced stage tumours probably reflects the propensity of
treating physicians to avoid steroid treatment in patients with
advanced chronic liver disease or cirrhosis. In addition to the
potential detrimental effect on the antitumor efficacy of ICls, the
use of steroids in patients with cirrhosis could be associated
with a potential increase in the risk for infections, as previously
demonstrated in patients with tumours other than HCC
receiving high-dose steroids for irAEs 2 and its safety in this
setting remains to be explored.?®

Another practice-informing message emerging from our
study is that efficacy outcomes were not negatively affected by
the development of irLl. In fact, hepatic decompensation, a
driver of mortality in these patients competing with cancer
progression®®*" occurred only in 7% of patients with HCC who
experienced irLl. Permanent treatment discontinuations due to
irLI were also low at 7%.
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Fig. 3. Kaplan Meier survival estimates according to the experience of any grade irLI across the HCC and the INVIDIa-2 cohort HCC cohort. (A) OS; patients
who experience any grade irLIl, median 19.7 months (95% CI 15.0-not reached; 43 events) vs. patients who experience no irAEs, median 15.4 months (95% Cl 13.0-
19.6; 119 events); (B) PFS; patients who experience any grade irLl, median 8.0 months (95% Cl 4.2-17.6; 28 events) vs. patients who experience no irAEs, median 7.4
months (95% CI 6.1-8.5; 178 events). INVIDIa-2 cohort. (C) OS; patients who experience any grade irLIl, median 22.7 months (95% CI 16.3-not reached; 5 events) vs.
patients who experience no irAEs, median 27.9 months (95% CI 18.7-not reached; 101 events); (D) PFS; patients who experience any grade irLI, median 16.3 months
(95% CI 16.2-not reached; 6 events) vs. patients who experience no irAEs, median 12.6 months (95% Cl 9.4-18.3; 141 events). Due to missing follow-up information,
444 and 449 patients from the INVIDIa-2 cohort were respectively included in the OS and PFS analysis; none of the excluded patients experienced irAEs, including irLI.
OS and PFS were calculated according to Kaplan-Meier method and statistical significance was tested using log-rank test (p values shown in plot). p values <0.05 were
considered statistically significant. irAEs, immune-related adverse events; irLl, immune-related liver injury; OS, overall survival; PFS, progression-free survival.

When evaluating the association between the development
of irLI and efficacy outcomes in HCC, we found that patients
with grade 1-2 irLI had significantly longer OS in time-adjusted
analysis and a significantly higher probability of achieving ORR
compared to patients who did not develop irAEs. Conversely,
both OS and ORR were not significantly different when strati-
fying patients according to the development of any grade irLI or
grade 3-4 irLIl. Overall, these results are in line with those of
previously published studies®’ ***° and a recently presented
exploratory analysis of the HIMALAYA study,®* demonstrating
the positive association between treatment-emerging adverse
events, particularly irAEs, and treatment efficacy in patients
with HCC.

However, these findings also pose a relevant question
regarding the biological and clinical significance of mild increases
in liver cytolytic enzymes during ICI treatment in patients with
HCC. It could be speculated that, rather than the expression of
immune-related liver toxicity, a mild increase in aminotransferase
levels could occur as a result of tumour cells lysis in patients
responding to ICls, as suggested by the significant association
we found between grade 1-2 irLI and ORR. Alternatively, other
possible mechanisms could be related to a higher T-cell
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infiltration, leading to an overproduction of proinflammatory
cytokines by intrahepatic immune cells, as previously suggested
by data from a clinical trial evaluating tremelimumab in patients
with active HCV infection.®® Interestingly, we found that patients
with HCC who developed liver injury had significantly higher
baseline AFP levels, leading us to speculate whether the higher
expression of this recognised tumour-associated antigen may be
somewhat linked to the poorly understood relationship between
ALT elevation and response.

In the absence of translational analyses on patients’ T-cell
responses, which could be the aim of future studies, our results
underline that the mere increase of ALT and/or AST in patients
with HCC superimposed on cirrhosis receiving ICls might
represent an imperfect diagnostic tool to correctly identify
immune-related toxicity. Equally, our data support the view that
a conservative wait-and-see strategy or temporary treatment
delay represent a reasonable choice in patients developing a
mild increase (i.e. grade 1-2) of aminotransferase levels during
ICI treatment, sparing patients from unnecessary steroid
therapy without compromising efficacy outcomes.

We acknowledge several limitations to our study. First, it
should be emphasised that a comparative study of this kind,

Journal of Hepatology, March 2024. vol. 80 | 431-442



Table 4. Association between irLl and risk of progression/death or risk of death.

Research Article

Risk of disease
progression/death,
HR (95% CI)

Risk of death,
HR (95% CI)

INVIDIA-2

Risk of disease
progression/death,
HR (95% CI)

Risk of death,
HR (95% CI)

All grade irLI 0.72 (0.48-1.09)
Yes vs. No irAEs
G1/G2 irLI 0.61 (0.36-1.03)
Yes vs. No irAEs
G3/G4 irLI 0.93 (0.52-1.69)

Yes vs. No irAEs

0.65 (0.40-1.05)
0.53 (0.29-0.96)

0.94 (0.45-1.93)

0.73 (0.32-1.66)
0.59 (0.18-1.78)

1.05 (0.33-3.29)

0.91 (0.36-2.23)
0.58 (0.14-2.36)

1.46 (0.46-4.6)

Time-adjusted risk
of disease
progression/death,
HR (95% ClI)

Time-adjusted
risk of death,
HR (95% CI)
0.66 (0.41-1.07)

0.53 (0.29-0.97)

Time-adjusted risk
of disease
progression/death,
HR (95% CI)

1.01 (0.32-3.19)

1.53 (0.38-6.22)

Time-adjusted
risk of death,
HR (95% CI)
0.86 (0.21-3.52)

2.46 (0.78-7.81)

All grade irLI 0.75 (0.50-1.11)
Yes vs. No irAEs
G1/G2 irLI 0.63 (0.37-1.05)
Yes vs. No irAEs
G3/G4 irLI 0.95 (0.53-1.70)

Yes vs. No irAEs

0.81 (0.39-1.67)

1.17 (0.47-2.87) 1.41 (0.57-3.48)

Anti-PD-1, anti-programmed death-1; anti-PD-L1, anti-programmed death-ligand 1; HCC, hepatocellular carcinoma; HR, hazard ratio; irAEs, immune-related adverse events; irLI,

immune-related liver injury.

Association between irLI and risk of progression/death or risk of death in patients with unresectable/advanced HCC treated with atezolizumab plus bevacizumab as first-line
systemic therapy (HCC cohort) and in patients with advanced stage solid tumours other than HCC treated with single anti-PD-1/anti-PD-L1 agents as first-line systemic ther-
apy (INVIDIa-2 cohort), by Cox regression model and by Cox time-dependent regression model with irL| as a time-varying covariate.

although balanced in terms of treatment line and patients’
staging relies on the comparison of two cohorts of patients
with intrinsically different baseline features and treatment
characteristics. The INVIDIa-2 dataset included patients with
exquisitely  immunogenic  tumours including  PD-L1-
overexpressing non-small cell lung cancer and malignant mel-
anoma: two oncological diagnoses where PD-1 blocking
agents are characterised by higher response rates and poten-
tial for long-term survivorship. In addition to that, INVIDIa-2
assessed patients receiving ICIs with an enrolment window
ranging from October 2019 to January 2020, however, patients
who had started the ICl treatment up to May 2019 were allowed
to enter the study, creating therefore a further positive selection
of the study population. Secondly, differences in treatment
regimens should also be considered as a key difference
amongst groups. Patients with tumours other than HCC
received single-agent anti-PD-1/PD-L1 treatment, while those
with HCC received anti-PD-L1 plus VEGF combination treat-
ment. However, bevacizumab does not cause direct liver
injury,®® leading to a low risk in overestimation of the incidence
of irLI in patients with HCC. With bevacizumab being a highly
uncommon cause of drug-induced liver injury, the potential for
a relationship between bevacizumab exposure and liver
decompensation is improbable and remains to be established
in future studies. Thirdly, because the HCC and INVIDIa-2 co-
horts were accrued with different primary research questions,
types of corticosteroids utilized could be reconstructed only for
patients with HCC. Whilst a pairwise comparison of types of
corticosteroids utilized to treat irLi was not possible, our choice

to compare rates of steroid utilization based on a 10 mg
prednisone dose reflects a commonly used threshold utilized in
the reporting of clinical trials, including landmark immuno-
therapy studies in HCC.>*"'* Finally, this is a real-world study
conducted in multiple sites in different countries, lacking central
adjudication of toxicity outcomes, with management of irLI that
could have been different according to local clinical practice,
especially in terms of criteria for administering steroid treat-
ment. Reporting of irAEs, including irLl, was not a primary
endpoint for the INVIDIa-2 cohort. Therefore, the inter-rater
heterogeneity in outcome definitions and in the management of
irLl could be difficult to explore and to explain. Moreover, as for
all studies conducted in a real-world setting, the quality of data
registration cannot be as high as in RCTs, as also demon-
strated by the exclusion of patients due to incomplete data on
adverse events in both cohorts.

In conclusion, this prospective comparative international
multicentre study of patients with advanced stage solid
tumours treated with first-line ICl-based treatment demon-
strated that irLl is significantly more common and it occurs
earlier in patients with HCC compared to patients with other
tumours, although it does not negatively affect the outcomes of
these patients in terms of need for steroid treatment, hepatic
decompensation, treatment discontinuation and efficacy
outcomes. Finally, our results underline the need for a multi-
disciplinary management of patients treated with ICls, requiring
an integrated collaboration between specialties involved in liver
cancer management in order to optimize the management of
side effects of ICl treatments and to improve patient outcomes.
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