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Abstract

Introduction: Development of immune-related adverse
events (irAEs) has been associated with enhanced efficacy
with the use of immune checkpoint inhibitors (ICls). It re-
mains unknown whether such an association exists in ad-
vanced hepatocellular carcinoma (aHCC). This study aims to
evaluate the association between irAEs and ICl efficacy in pa-
tients with aHCC. Methods: We performed a retrospective
cohort study on patients with aHCC who received at least
one dose of an ICl between May 2015 and November 2019
at the National Cancer Centre Singapore. The primary study
objectives were to compare the overall survival (OS) and pro-
gression-free survival (PFS) between patients with and with-
out irAEs. Complementary multivariable landmark analyses
were performed at the 6-week and 12-week landmarks. Data

cutoff was December 31, 2020. Results: One hundred and
sixty-eight patients were included. Median age was 69 years,
85.7% were male, 57.7% had hepatitis B infection, 60.7% had
ECOG 0, and 78.0% had Child-Pugh A liver cirrhosis. 82.7%
received ICl monotherapy, while 17.3% received ICl in com-
bination. Development and severity of irAE were correlated
with survival. The median PFS for grade >3 irAE versus grades
1-2 irAE versus no irAE was 8.5 versus 3.6 versus 1.3 mths
(p < 0.001). The median OS for grade >3 irAE versus grades
1-2 irAE versus no irAE was 26.9 versus 14.0 versus 4.6 mths
(p < 0.001). Patients with =2 irAEs had a significantly longer
OSonmultivariable analysis (adjusted hazard ratio [aHR]0.35,
p < 0.001). The presence of grade >3 irAEs was associated
with a significantly longer OS on the multivariable analysis
at the 6-week landmark (aHR0.34, p = 0.030) and 12-week
landmark (aHR0.28, p = 0.011). The use of systemic cortico-
steroids in patients with irAE was associated with a trend to-
ward a longer OS (20.7 vs. 14.3 mths, p = 0.064). Conclusion:
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Our study suggests that the presence of all-grade irAEs may
be a potential prognostic biomarker in patients with aHCC
treated with ICI. Patients with more severe irAEs and multi-
system involvement have better prognosis. The prompt use
of systemic corticosteroids to treat patients with irAEs is key
to ensure the best long-term outcomes for these patients.

© 2021 The Author(s).
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is a highly lethal dis-
ease, being the sixth most common cancer and second
most common cause of cancer-related death globally [1].
HCC can be treated with surgical, locoregional, or sys-
temic treatment options. Most patients with HCC are di-
agnosed in the advanced stage, where systemic therapy
options are the mainstay of treatment. Previously, the
first-line treatment of advanced HCC (aHCC) was lim-
ited to tyrosine kinase inhibitors (TKIs) sorafenib or len-
vatinib [2, 3]. In recent years, immune checkpoint inhib-
itors (ICIs) have been found to be efficacious. The com-
bination of atezolizumab and bevacizumab was found in
the phase 3 randomized clinical trial (RCT) IMbravel50
to be superior to sorafenib in terms of overall survival
(OS) and is now a standard of care in the first-line treat-
ment of aHCC [4].

By upregulating the immune system, immunotherapy
can result in inflammatory side effects, which are collec-
tively referred to as immune-related adverse events
(irAEs). These are defined as side effects with potential
immunological basis, which requires more frequent
monitoring and possible treatment with systemic steroids
[5]. Single-agent nivolumab or pembrolizumab in the
phase 3 randomized clinical trials CheckMate-459 and
Keynote-240, respectively, resulted in 2-28% all-grade
irAEs. Twenty-two percent of patients developed grade
>3 treatment-related adverse events (trAEs) with
nivolumab, while 7.2% developed grade >3 trAEs with
pembrolizumab [6, 7]. In IMbravel50 combination at-
ezolizumab and bevacizumab, 68.7% and 25.8% had all-
grade irAEs and grade >3 irAEs, respectively. In Check-
Mate-040, patients receiving combination nivolumab
and ipilimumab saw rash being the most common all-
grade irAE and hepatitis being the most common grade
>3 irAE with incidence of 35% and 20%, respectively [8].

It has been postulated that there is a possible associa-
tion between irAEs with improved clinical outcomes, giv-
en that the two are thought to have similar immunologi-
cal basis. Recent studies have demonstrated this positive
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association in patients treated with ICI with other solid
malignancies, namely advanced melanoma [9], urothelial
cancer [10], renal cell carcinoma [11], non-small cell lung
cancer (NSCLC) [12], gastric cancer [13], and other gas-
trointestinal cancers (which includes a small cohort of 32
patients with aHCC) [14]. However, the data are conflict-
ing as there are also studies demonstrating no such asso-
ciations [15, 16]. It is also currently unknown if the sever-
ity of irAE, particular sites of irAE or number of organ
systems involved (i.e., multisystem irAE), has an associa-
tion with the efficacy of ICL

In addition, irAEs are often treated with systemic cor-
ticosteroids. Concerns have been raised that their use has
a detrimental effect on outcome, as it counteracts the ef-
fects of immunostimulatory drugs. A meta-analysis and
systematic review demonstrated a negative association
between the use of systemic corticosteroids and clinical
outcomes, though the studies included consisted mainly
of patients with lung cancer and melanoma with no pa-
tients with HCC included [17]. This study aims to de-
scribe the incidence, time to onset and predictors of irAE,
their association with survival and efficacy of ICI in pa-
tients with aHCC, and if the use of systemic corticoste-
roids for treatment of irAE is associated with reduced ef-
ficacy of ICI.

Methods

Study Design

We performed a retrospective cohort study on all patients with
aHCC at the National Cancer Centre Singapore who received at
least one dose of an ICI between May 2015 and November 2019.
Retrospective chart review was performed to retrieve patient and
disease characteristics as well as treatment response data. The data
cutoff date was December 31, 2020. Data were de-identified for all
statistical analyses.

The patients were categorized into several groups based on the
variable of interest studied in relation to clinical outcomes. Firstly,
they were categorized based on the incidence of irAEs: those with
irAEs (irAE group) or those without (non-irAE group). irAEs were
defined as adverse effects with potential immunologic basis. These
were graded using the Common Terminology Criteria for Adverse
Events v4.03 criteria [18]. irAEs were defined by the treating on-
cologist by excluding alternative diagnosis and assessing if there
was clinical improvement with irAE-based treatment [19, 20]. In
addition, another oncologist reviewed the clinical charts of all pa-
tients in this study to determine if the AEs are attributable to the
immunotherapy. Patients with irAEs were further subdivided
based on whether they received treatment with systemic steroids.
The starting dose, duration, number of courses of systemic ste-
roids, and usage of adjunctive immunosuppressants were collect-
ed. Patients with multiple irAEs were classified as having concur-
rent irAEs if the irAEs affecting different systems occurred within
2 weeks apart and classified as sequential irAEs if the irAEs oc-
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Table 1. Demographics of patients without irAE and with irAE

Total Frequency (%)
(n=168) . - .
without irAE (n = 71) (42.3) with irAE (n =97) (57.7) p value
Age
Mean (SD) 67 (11.0) 65 (11.3) 69 (10.6)
Median (IQR) 69 (60, 75) 66 (57,73) 71 (63, 76) 0.004*
Range 25-88 33-88 25-85
Gender
Male 144 (85.7) 56 (78.9) 88(90.7) 0.030
Female 24 (14.3) 15(21.1) 9(9.3) :
Ethnicity
Chinese 114 (67.9) 48 (67.6) 66 (68.0)
Malay 10 (6.0) 3(4.2) 7(7.2)
Indian 4(2.4) 1(1.4) 3(3.1) 0.4871
Caucasian 2(1.2) 2(2.8) 0(0.0)
Others 38(22.6) 17 (23.9) 21(21.6)
BMI
Mean (SD) 24 (4.1) 25 (4.0) 24 (4.2)
Median (IQR) 24 (22, 26) 24 (22,27) 24 (22, 26) 0.510%
Range 15-39 17-36 15-39
BMI
BMI <23 64 (38.1) 25(35.2) 39 (40.2) 0,602/
BMI >23 101 (60.1) 44 (62.0) 57 (58.8) (6 568)
Unknown 3(1.8) 2(2.8) 1(1.0) ’
ECOG status
ECOGO 102 (60.7) 38(53.5) 64 (66.0)
ECOG 1 59 (35.1) 27 (38.0) 32(33.0) 0.037/
ECOG 2/3 7 (4.2) 6(8.5) 1(1.0)
BCLC staging
B 28(16.7) 8(11.3) 20 (20.6) 0.108
@ 140 (83.3) 63 (88.7) 77 (79.4) ’
Extrahepatic mets
No 58 (34.5) 19 (26.8) 39 (40.2) 0.070
Yes 110 (65.5) 52(73.2) 58 (59.8) ’
Macrovascular invasion
No 84 (50.0) 34 (47.9) 50 (51.5) 0639
Yes 84 (50.0) 37 (52.1) 47 (48.5) ’
Child-Pugh score
50r6 131(78.0) 51(71.8) 80 (82.5)
7 23(13.7) 11 (15.5) 12(12.4) 0.160
8or9 14 (8.3) 9(12.7) 5(5.2)
ALBI grade
<-2.60 34(20.2) 10 (14.1) 24 (24.7)
>-2.6to <-1.39 119 (70.8) 53 (74.6) 66 (68.0) 0.282A
>-1.39 13(7.7) 7(9.9) 6(6.2) (0.195)
Unknown 2(1.2) 1(1.4) 1(1.0)
AFP
<400 pg/L 91 (54.2) 33 (46.5) 58 (59.8) 0.099A
>400 pg/L 76 (45.2) 38(53.5) 38(39.2) (6 074)
Unknown 1(0.6) 0(0.0) 1(1.0) ’
Etiology
Hepatitis B 97 (57.7) 48 (67.6) 49 (50.5)
Hepatitis C 15(8.9) 1(1.4) 14 (14.4) 0.007
Nonviral 56 (33.3) 22(31.0) 34 (35.1)
Immunotherapy regimen
10 Monotherapy 139 (82.7) 61(85.9) 78 (80.4)
10-10 Combination 16 (9.5) 5(7.0) 11(11.3) 0.600
10-TKI/mAb combination 13(7.7) 5(7.0) 8(8.2)
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Table 1 (continued)

Total Frequency (%)
(n=168) . - -
without irAE (n =71) (42.3) with irAE (n=97) (57.7) p value
Immunotherapy
Monotherapy 139 (82.7) 61 (85.9) 78 (80.4) 0351
Combination 29(17.3) 10 (14.1) 19(19.6) ’
Immunotherapy (line of therapy)
Firstline 114 (67.9) 48 (67.6) 66 (68.0)
Second line 44 (26.2) 18 (25.4) 26 (26.8) 0.8631
Third line 9(5.4) 4 (5.6) 5(5.2) ’
Fourth line 1(0.6) 1(1.4) 0(0.0)

p value estimated using ¥? test unless otherwise stated. p value within parenthesis excludes the category
“unknown/NA.” irAE, immune-related adverse event; SD, standard deviation; IQR, interquartile range. # p value
estimated using Mann-Whitney U test. A p value estimated using Fisher’s exact test.

curred more than 2 weeks apart. The study was approved by the
centralized institutional review board (CIRB:2018/3046).

Data Processing

Radiological treatment response was evaluated using the Re-
sponse Evaluation Criteria in Solid Tumors Version 1.1. Primary
endpoints comprised of overall survival (OS) and progression-free
survival (PFS), while secondary endpoints comprised of objective
response rate (ORR) and disease control rate (DCR). ORR was de-
fined as the proportion of patients who had achieved a best re-
sponse of complete response (CR) or partial response (PR), while
DCR was the proportion of patients who had achieved CR, PR, or
stable disease (SD). PFS was calculated as the interval between the
date of starting ICI and that of disease progression or death. Pa-
tients who were alive but without progression were censored at the
time of last follow-up. OS was calculated from the date of starting
ICI to the date of death due to all-cause. Patients who are alive at
the date of data cutoff were censored at the time of last follow-up.
Patients who were lost to follow-up were censored at the time of
last known contact.

Statistical Analysis

Survival curves were estimated by Kaplan-Meier method, and
median survival time was reported with 95% confidence interval
(95% CI). The log-rank test was used to determine if there was a
difference in survival curves between groups of patients. Univari-
able and multivariable analyses were performed using the Cox
proportional hazard model. Patient demographics and clinical
characteristics associated with survival in the univariable Cox re-
gression model with a significance level of p < 0.1 and known
prognostic factors (ECOG, Child-Pugh, HCC etiology, and AFP
levels) were included for model selection. Variable selection was
performed using a backward selection strategy using the likeli-
hood ratio test with p < 0.05 as the criteria for inclusion in the final
multivariable model, except for the known prognostic factors. The
type of ICI treatment (ICI monotherapy vs. ICI-ICI combination
therapy vs. ICI-MAB/TKI therapy) was also added into the final
multivariable model to account for difference in treatment effect
with differing regimes. Proportionality assumption for using the
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Cox regression model was assessed using the Schoenfeld residuals
test. Complementary landmark analyses for OS were performed
using landmarks of 6 weeks and 12 weeks [21]. x* test or Fisher’s
exact test (where appropriate) was applied to compare ORR and
DCR in patients with irAEs and those without. Multivariable lo-
gistic regression analyses were used to determine if there was an
association between ORR and DCR with the presence of irAEs
controlled for the same variables described for the survival analy-
ses. The ¥? test and Student’s ¢ test (or the nonparametric tests of
Fisher’s exact test and Mann-Whitney U test, respectively) were
used to assess for differences in demographics between patients
with and without irAEs. Multivariable logistic regression analysis
was used to determine predictors of irAEs in patients. All p values
were based on a two-sided hypothesis, and those of <0.05 were
considered statistically significant. All analyses were performed
using SPSS software (version 25; International Business Machines
Corporation) and Stata version 16 (StataCorp. 2019. Stata Statisti-
cal Software: Release 16. College Station, TX, USA, StataCorp
LLC).

Results

Patient’s Demographics

One hundred and sixty-eight patients were included in
this study. The median follow-up time was 25.1 months
(95% CI: 22.3-35.4 months). The median age was 69
years. 85.7% of patients were male, and 57.7% had hepa-
titis B infection. The majority of patients were Chinese
(67.9%). 60.7% had ECOG 0. 78.0% had Child-Pugh A
liver cirrhosis. 50.0% had macrovascular invasion, and
65.5% had extrahepatic metastasis. 45.2% had an AFP of
>400 pg/L. 82.7% of patients received immunotherapy
monotherapy, while 17.3% received immunotherapy in
combination (Table 1). A more detailed breakdown of
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Table 2. Frequency of irAE (all patients)

Patients with irAE, n (%)

Patients with systemic Patients with treatment

steroid therapy, n (%) discontinuation, n (%)

Total Grades 1-2 Grade =3
Any irAE 97 (57.7) 90 (53.6) 24 (14.3) 27 (16.1) 28 (16.7)
Dermatological irAE 79 (47.0) 77 (45.8) 2(1.2) 8 (4.8) 5(3.0)
Hepatobiliary irAE 24 (14.3) 12(7.1) 12(7.1) 11 (6.5) 11(7.1)
Endocrine irAE 16 (9.5) 14 (8.3) 2(1.2) 1(0.6) 2(1.2)
Gastrointestinal irAE 15 (8.9) 10 (6.0) 5(3.0) 4(2.4) 4(2.4)
Pneumonitis irAE 9(5.4) 5(3.0) 4(2.4) 8(4.8) 8(4.8)
Musculoskeletal irAE 3(1.8) 3(1.8 - 1(0.6) -
Hematology irAE 2(1.2) 1(0.6 1(0.6) 1(0.6) 1(0.6)
Neurology irAE 1(0.6) 1(0.6 - - 1(0.6)
Renal irAE 1(0.6) — 1(0.6) 1(0.6) 1(0.6)
Others irAE 11 (6.5) 10 (6.0) 1(0.6) 2(1.2 -
1irAE 61 (36.3)
2irAE 22(13.1)
>3 irAE 14 (8.3)

irAE, immune-related adverse event.

treatment regime can be found in online supplementary
Table 1; for all online supplementary material, see www.
karger.com/doi/10.1159/000518619.

Older age, male gender, ECOG 0 (vs. 2/3), and hepati-
tis C etiology were more likely to experience irAE on the
univariable analysis (Table 1). Older age, male gender,
ECOG 0 (vs. 2/3), and hepatitis C remained significant on
the multivariable analysis (online suppl. Table 2). Pa-
tients who received combination therapy were more like-
ly to experience grade >3 irAE than patients who received
ICI monotherapy (31.0 vs. 10.8%, p = 0.009) (online sup-
pl. Table 3).

Incidence and Time to Onset of irAEs

Ninety-seven patients (57.7%) experienced all-grade
irAEs, while 24 (14.3%) experienced grade >3 irAEs. Two
patients (1.2%) experienced treatment-related death. The
most common all-grade irAEs were dermatological (79,
47%), hepatobiliary (24, 14.3%), and endocrine irAEs (16,
9.5%). The most common grade >3 irAEs were hepatobi-
liary (12, 7.1%), gastrointestinal (5, 3.0%), and pneumo-
nitis (4, 2.4%). Sixty-one (36.3%) of patients experienced
1 irAE, 22 (13.1%) experienced 2 irAEs, and 14 (8.3%)
experienced >3 irAEs. Of the patients who experienced
>2 irAEs, 15 had concurrent irAEs, while 21 had sequen-
tial irAEs (Table 2). The frequency of irAEs by treatment
regimens (ICI monotherapy, ICI-ICI combination, and
ICI-MAB/TKI combination) can be found in online sup-
plementary Table 4.

Impact of irAE on Efficacy of ICI in HCC

Median time to onset was shortest for hepatobiliary
irAEs (3.9 weeks) and longest for pneumonitis (43.3
weeks). This is further described in online supplementary
Figure 1.

Association of irAE and Response

Patients with all-grade irAEs had a significantly higher
ORR (27.8% vs. 11.3%, p = 0.009) and DCR (67.0% vs.
28.2%, p = <0.001) as compared with patients without
irAEs. The ORR for patients with grade >3 irAE versus
grades 1-2 irAE versus no irAE was 50.0%, 20.5%, and
11.3%, respectively (p < 0.001). The DCR for patients with
grade >3 irAE versus grades 1-2 irAE versus no irAE was
87.5%, 60.3%, and 28.2%, respectively (p < 0.001).

In the multivariable analysis, patients with grade >3
irAE demonstrated improved ORR (adjusted odds ratio
[aOR], 4.89, p = 0.002) versus those with no irAEs. Pa-
tients with grade >3 irAE and grades 1-2 irAE demon-
strated improved DCR (aOR, 13.8, p < 0.001, and 3.42,
p = 0.001, respectively) versus those with no irAEs. The
presence of grade >3 irAE, dermatological, endocrine,
and >2 irAEs were associated with ORR, while the pres-
ence of any grade irAE, grade >3 irAE, dermatological,
endocrine, hepatobiliary, gastrointestinal, one irAE, and
>2 irAEs were associated with DCR (Table 3 and online
suppl. Table 5).
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Table 3. Association of irAE and ORR/DCR

Multivariable (endpoint of ORR)*

Multivariable (endpoint of DCR)**

adjusted OR (95% Cl) p value adjusted OR (95% Cl)  pvalue
Any irAE 2.39(0.95, 5.98) 0.063 447 (2.18,9.19) <0.001
Any grade >3 irAE 4.89(1.76,13.61) 0.002 7.08 (1.96, 25.64) 0.003
Grades 1-2 irAE versus no irAE 1.61 (0.60, 4.34) 0.346 3.42(1.61,7.25) 0.001
Grade >3 irAE versus no irAE 6.45(1.97,21.1) 0.002 13.79 (3.54, 53.70) <0.001
Dermatological irAE 2.43(1.03,5.71) 0.042 3.46 (1.71,6.98) <0.001
Pneumonitis irAE 2.41(0.52,11.26) 0.264 7.00 (0.83, 59.35) 0.074
Endocrine irAE 4.39(1.43,13.49) 0.010 13.66 (1.72,108.59) 0.013
Hepatobiliary irAE 1.34(0.47,3.81) 0.583 457 (1.42,14.74) 0.011
Gastrointestinal irAE 1.85(0.51,6.72) 0.352 5.81(1.20, 28.14) 0.029
1irAE versus no irAE 1.97 (0.72,5.36) 0.185 3.00 (1.40, 6.46) 0.005
>2 irAE versus no irAE 3.28(1.10,9.81) 0.033 13.60 (4.25,43.52) <0.001

p value calculated using Wald test. * Covariables included in the multivariate analysis included those that
showed a significant association in univariable analysis such as etiology (hepatitis B vs. hepatitis C vs. nonviral), as
well as predetermined ones such as AFP (<400 pg/L vs. =400 ug/L vs. unknown) and ICl treatment (ICI monotherapy
vs. ICI-ICl combination vs. ICI-MAB/TKI combination). ** Covariables included in the multivariate analysis included
those that showed a significant association in univariable analysis such as Child-Pugh score (5/6 vs. 7 vs. 8/9), as
well as predetermined ones such as etiology (hepatitis B vs. hepatitis C vs. nonviral), AFP (<400 pg/L vs. 2400 pg/L
vs. unknown), and ICI treatment (ICI monotherapy vs. ICI-ICI combination vs. ICI-MAB/TKI combination). NA, not
applicable; NE, not estimable; Cl, confidence interval; OR, odds ratio; ORR, objective response rate; DCR, disease
control rate; irAE, immune-related adverse event; ICl, immune checkpoint inhibitor; TKI, tyrosine kinase inhibitor.

Association of irAE and Survival

Patients with all-grade irAEs had a longer median
PES as compared with patients without irAEs (5.5 mths
[95% CI:3.4-8.2] vs. 1.3 mths [95% CI: 1.1-1.6], hazard
ratio (HR) 0.43 [95% CI: 0.31-0.61], p < 0.001). The
median PFS for patients with grade >3 irAE versus
grades 1-2 irAE versus no irAE was 8.5 mths (95% CI:
7.8-19.1) versus 3.6 mths (95% CI: 1.8-6.8) versus 1.3
mths (95% CI: 1.1-1.6) (p < 0.001). The median PFS for
patients with >2 irAE versus one versus no irAE was
10.1 mths (95% CI: 7.7-19.1) versus 2.8 mths (95% CI:
1.7-5.5) versus 1.3 mths (95% CI: 1.1-1.6) (p < 0.001).
The presence of dermatological, pneumonitis, and en-
docrine irAEs were also associated with a significantly
longer PFS on univariable analysis (Fig. 1; Table 4, on-
line suppl. Table 6).

In the multivariable analysis, patients with grade >3
irAE and grades 1-2 irAE demonstrated improved PFS
(adjusted HRs [aHRs], 0.38 and 0.52, respectively, both p
< 0.001) versus those with no irAEs, while patients with
>2 irAEs and 1 irAE demonstrated improved PES (aHRs,
0.36, p < 0.001, and 0.57, p = 0.005, respectively) versus
those with no irAEs. In addition, the presence of all-grade
irAE, grade >3 irAE, dermatological irAE, and endocrine
irAE were associated with a significantly longer median

14 Liver Cancer 2022;11:9-21
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PES. Covariables included in the analysis were etiology of
HCC, Child-Pugh score, AFP, ECOG, and type of ICI
treatment (Table 4).

Patients with all-grade irAEs had a significant longer
median OS as compared with patients without irAEs
(16.2 mths [95% CI: 13.9-20.7] vs. 4.6 mths [95% CI: 3.2—
5.7], HR0.45 [95% CI: 0.31-0.66], p < 0.001). The median
OS for grade 23 irAE versus grades 1-2 irAE versus no
irAE was 26.9 mths (95% CI: 15.8-not estimable [NE])
versus 14.0 mths (95% CI: 9.7-19.8) versus 4.6 mths (95%
CI: 3.2-5.7) (p < 0.001). The median OS for patients with
>2 irAE versus one versus no irAE was 20.7 mths (95%
CI: 15.8-36.1) versus 13.9 mths (95% CI: 7.3-18.5) versus
4.6 mths (95% CI: 3.2-5.7) (p < 0.001). The presence of
dermatological and pneumonitis irAEs were also associ-
ated with a significantly longer OS on univariable analysis
(Fig. 1; Table 5, online suppl. Table 7).

In the multivariable analysis, patients with grade >3
irAE and grades 1-2 irAE demonstrated improved OS
(aHRs, 0.28, p < 0.001, and 0.57, p = 0.010, respectively)
versus those with no irAEs, while patients with >2 irAEs
and 1 irAE demonstrated improved OS (aHRs, 0.35, p <
0.001, and 0.59, p = 0.020, respectively) versus those with
no irAEs. In addition, the presence of all-grade irAE,
grade 23 irAE, and dermatological irAEs were associated
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Fig. 1.a OS (any irAE vs. no irAE); (b): OS (grade >3 vs. grades 1-2 vs. no irAE); (c): PES (any irAE vs. no irAE);
(d): PES (grade >3 vs. grades 1-2 vs. no irAE). irAE, immune-related adverse event; ICI, immune checkpoint
inhibitor; OS, overall survival; PFS, progression-free survival.

with a significantly longer median OS. Covariables in-
cluded in the analysis were etiology of HCC, Child-Pugh
score, AFP, ECOG, and type of ICI treatment (Table 5).
A complementary landmark analysis was performed at
the 6-week and 12-week landmarks. The presence of
grade >3 irAE was associated with a significant longer OS
on the univariable and multivariable analysis at the
6-week landmark (HR 0.36, 95% CI: 0.14-0.88, p = 0.026
and aHR 0.34, 95% CI: 0.13-0.90, p = 0.030) and 12-week

Impact of irAE on Efficacy of ICI in HCC

landmark (HR 0.31,95% CI:0.13-0.78,p=0.012 and aHR
0.28, 95% CI: 0.11-0.75, p = 0.011). The presence of >2
irAEs was associated with a trend toward longer OS at the
6-week landmark (HR 0.41, 95% CI: 0.16-1.03, p = 0.057
and aHR 0.37, 95% CI: 0.13-1.07, p = 0.067) (online sup-
pl. Table 8, online suppl. Fig. 2). Sensitivity analysis re-
stricting to patients treated with ICI monotherapy or ICI-
ICI combination therapy demonstrated results consistent
with the main analysis (online suppl. Tables 9, 10).
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Table 4. Association of irAE and PFS

PFS (events/patients = 146/167) Univariable Multivariable

HR (95% Cl) p value aHR (95% Cl) p value
Any irAE 0.43(0.31,0.61)* <0.001 0.48 (0.33, 0.69)* <0.001
Any grade >3 irAE 0.51(0.32,0.82)* 0.005 0.57 (0.34, 0.95)* 0.030
Grades 1-2 irAE versus no irAE 0.48 (0.34, 0.69)* <0.001 0.52(0.35,0.76)* <0.001
Grade >3 irAE versus no irAE 0.32(0.19, 0.54)* <0.001 0.38(0.22, 0.66)* <0.001
Dermatological irAE 0.47 (0.33, 0.65)"* <0.001 0.50(0.35,0.71)* <0.001
Pneumonitis irAE 0.43 (0.20, 0.92)* 0.030 0.46 (0.21,1.01)* 0.052
Endocrine irAE 0.41(0.23,0.75) 0.004 0.48 (0.26,0.88) 0.019
Hepatobiliary irAE 0.68 (0.43,1.07)* 0.093 0.74 (0.44, 1.24) 0.252
Gastrointestinal irAE 0.71(0.41, 1.23)* 0.224 0.92 (0.50, 1.70) 0.785
1irAE versus no irAE 0.54 (0.38, 0.79)* 0.001 0.57 (0.38,0.84)* 0.005
>2 irAE versus no irAE 0.31(0.20, 0.49)* <0.001 0.36 (0.22, 0.59)* <0.001

Covariables included in the multivariate analysis included those that showed a significant association in
univariable analysis such as etiology (hepatitis B vs. hepatitis C vs. nonviral), Child-Pugh score (5/6 vs. 7 vs. 8/9), and
AFP (<400 pg/L vs. =400 pg/L vs. unknown), as well as predetermined ones such as ECOG (0 vs. 1 vs. 2/3) and ICI
treatment (ICI monotherapy vs. ICI-ICI combination vs. ICI-MAB/TKI combination). p value calculated using Wald
test. NA, not applicable; NE, not estimable; Cl, confidence interval; PFS, progression-free survival; irAE, immune-
related adverse event; ICl, immune checkpoint inhibitor; TKI, tyrosine kinase inhibitor; aHR, adjusted HR; HR, hazard
ratio. * Proportional hazard assumption violated.

Table 5. Association of irAE and OS

OS (events/patients = 111/167) Univariable Multivariable

HR (95% Cl) p value adjusted HR (95% Cl) p value
Any irAE 0.45(0.31,0.66)" <0.001 0.49 (0.32, 0.74)* <0.001
Any grade >3 irAE 0.36 (0.20, 0.67) 0.001 0.40 (0.21,0.76) 0.005
Grades 1-2 irAE versus no irAE 0.54(0.36,0.81)* 0.003 0.57 (0.37,0.87)* 0.010
Grade >3 irAE versus no irAE 0.25(0.13,0.48) <0.001 0.28 (0.14, 0.56) <0.001
Dermatological irAE 0.45(0.31, 0.66)" <0.001 0.50(0.33, 0.75)* <0.001
Pneumonitis irAE 0.40 (0.16,0.97)* 0.044 0.43(0.17,1.07)* 0.069
Endocrine irAE 0.55(0.29, 1.06) 0.075 0.69 (0.35, 1.36) 0.288
Hepatobiliary irAE 0.58(0.34,1.01) 0.052 0.58(0.31,1.07) 0.082
Gastrointestinal irAE 0.52(0.25,1.07) 0.075 0.70(0.31, 1.58) 0.387
1irAE versus no irAE 0.59 (0.39, 0.90)* 0.013 0.59 (0.37,0.92)* 0.020
>2 irAE versus no irAE 0.30(0.18,0.51)* <0.001 0.35(0.20, 0.62)* <0.001

Covariables included in the multivariate analysis included those that showed a significant association in
univariable analysis such as ECOG (0 vs. 1 vs. 2/3), etiology (hepatitis B vs. hepatitis C vs. nonviral), Child-Pugh score
(5/6 vs. 7 vs. 8/9), and AFP (<400 pg/L vs. =400 pg/L vs. unknown), as well as predetermined ones such as ICl
treatment (ICI monotherapy vs. ICI-ICl combination vs. ICI-MAB/TKI combination). p value calculated using Wald
test. NA, not applicable; NE, not estimable; Cl, confidence interval; irAE, immune-related adverse event; ICl,immune
checkpoint inhibitor; TKI, tyrosine kinase inhibitor; OS, overall survival; aHR, adjusted HR; HR, hazard ratio.
# Proportional hazard assumption violated.

Pattern of Systemic Steroid Usage to Treat Patients and 6 (22.2%) started at a dose of oral prednisolone equiv-
with irAE and Impact on ICI Efficacy alent of <0.5 mg/kg, >0.5 mg/kg, and intravenous sys-
Twenty-seven (16.1%) of patients received systemic temic steroids, respectively. Two (7.4%) received adjunc-

steroids for treatment of irAEs. Ten (37.0%), 11 (40.7%), tive immunosuppressants (1 patient received cyclospo-
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rine, while the other received anti-tumor necrosis factor
monoclonal antibodies). The median duration of system-
ic steroid therapy was 59 days with an interquartile range
of 21-94. Five (18.5%) received multiple courses of sys-
temic steroids.

In patients with irAE, those who receive systemic ste-
roids have a trend toward longer PFS as compared to
those who did not receive systemic steroids (9.9 mths
[95% CI:7.8-17.8] vs. 3.4 mths [95% CI: 1.8-5.5], HR 0.75
[95% CI: 0.46-1.21], p = 0.238). The same trend was ob-
served for OS (20.7 mths [95% CI: 15.3-NE] vs. 14.3 mths
[95% CI: 9.6-21.0], HR 0.59 [95% CI: 0.33-1.04], p =
0.068). The starting dose of systemic steroids did not have
an impact on PFS or OS. However, the duration of sys-
temic steroids had an impact. Patients with irAE receiv-
ing systemic steroids for >60 days had a longer PFS and
OS, respectively, as compared to those who received <60
days of treatment (online suppl. Tables 6, 7).

Discussion

Our study suggests that the presence of all-grade irAEs
may be a potential prognostic biomarker in patients with
aHCC treated with ICI. Patients who experienced multi-
system irAEs (2 or more systems) and more severe irAEs
had a significantly higher ORR, DCR, and longer PFS and
OS as compared to the patients with no irAEs. Among
patients who experienced irAEs, the usage of systemic
corticosteroids to manage irAEs was not associated with
a detrimental effect on PFS and OS.

Presence of irAE as a Potential Predictive Biomarker

for ICI Efficacy in Patients with aHCC

Patients who experienced irAEs in our study had su-
perior OS (16.2 mths vs. 4.6 mths), PFS (5.5 mths vs. 1.3
mths), ORR (27.8% vs. 11.3%), and DCR (67.0% vs.
28.2%). This adds to the growing body of evidence that
has demonstrated the association of irAE and efficacy of
programmed cell death protein-1/programmed death li-
gand-1 inhibitors in patients with NSCLC [22, 23], mela-
noma [9, 24], urothelial carcinoma [10], head and neck
cancer [25], and gastrointestinal cancers [14]. There are
also studies performed in metastatic melanoma demon-
strating the association of irAEs and efficacy of cytotoxic
T lymphocyte antigen-4 (CTLA-4) inhibitors [26, 27]. No
studies have described this association in patients receiv-
ing combination immunotherapy, and our study suggests
that the association is likely to be also present for patients
who are receiving combination immunotherapy or im-

Impact of irAE on Efficacy of ICI in HCC

munotherapy in combination with TKI or vascular endo-
thelial growth factor inhibitor.

Mechanistically, patients who experience a higher
grade irAE should have a higher T-cell activity and,
hence, experience better antitumor outcomes than pa-
tients who experience a lower grade irAE [28]. Our study
seems to support this hypothesis as patients who experi-
enced a grade >3 irAE had significantly longer OS, PFS,
and higher ORR and DCR. Contrary to our findings, ex-
isting studies in melanoma and gastrointestinal cancers
have not demonstrated a difference in ICI efficacy be-
tween patients with higher grade irAE and lower grade
irAE [14, 24]. In the same way, one may infer that pa-
tients who experience irAEs at multiple sites would have
greater T-cell activity and hence experience better anti-
tumor outcomes. Our study showed that patients with
more sites of irAEs had a significant longer PFS as com-
pared to those with fewer sites of involvement or no irAE
(=2 irAEs: 10.1 mths vs. 1 irAE: 2.8 mths vs. 0 irAE: 1.3
mths, p < 0.001). The same association was seen for OS
(>2 irAEs: 20.7 mths vs. 1 irAE: 13.9 mths vs. 0 irAE: 4.6
mths, p <0.001). Shankar et al. [29] described similar re-
sults in a multicenter cohort of patients with NSCLC.
Patients with irAEs at more sites had a significantly lon-
ger PFS and OS.

The specific site of irAE may be associated with ef-
ficacy of ICI, and this may vary in different malignan-
cies. In patients with metastatic melanoma, it has been
demonstrated that the presence of dermatological irAE
(especially vitiligo) was associated with significantly
longer PFS and OS [30]. In contrast, Ricciuti et al. [23]
demonstrated in patients with NSCLC that pneumoni-
tis, gastrointestinal, and endocrine irAEs but not der-
matologic or hepatobiliary irAE were associated with a
significantly longer OS. The available data seem to sug-
gest that a potential molecular mimicry between malig-
nant and normal cells may explain the association be-
tween certain sites of irAE and ICI efficacy (e.g., shared
antigen between melanocytes and the metastatic mela-
noma cells). One would hypothesize that in patients
with HCC, the presence of hepatobiliary irAE would be
associated with increased ICI efficacy. In our study,
there was only a trend toward a longer PFS and OS in
the multivariable analysis in patients experiencing hep-
atobiliary irAE. On the other hand, patients with der-
matological irAE had a significantly longer OS, while
patients with dermatological and endocrine irAE had a
significantly longer PFS. Clearly, more work is required
in this field to ascertain if site of irAE matters and the
underlying mechanism.
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Role of Steroids

We found that patients who received systemic cortico-
steroids for treatment of irAEs had a trend toward longer
OS and PFS as compared to patients with irAEs who did
not receive systemic corticosteroids. This is likely because
most of the patients who received systemic corticoste-
roids experienced grade >3 irAEs and the presence of
grade 23 irAEs was associated with a significantly longer
OS and PFS than patients without grade >3 irAEs. There
were initial concerns regarding poorer outcomes with the
usage of corticosteroids in patients receiving ICI [31], and
patients receiving corticosteroids at baseline were exclud-
ed from clinical trials studying the use of ICI in HCC [4,
7]. However, a meta-analysis and systematic review (in-
cluding studies consisted mainly of patients with lung
cancer and melanoma; no patients with HCC were in-
cluded) demonstrated that the negative association of
systemic corticosteroids and outcomes may be related to
the indication of corticosteroids. While the usage of sys-
temic corticosteroids for cancer-related symptoms was
correlated with a significantly shorter OS and PFS, the
usage of systemic corticosteroids for treatment of irAEs
was not associated with a shorter OS [17]. Pinato et al.
[32] described in a cohort of 304 patients with HCC that
the usage of systemic corticosteroids at baseline or con-
currently with ICI was not associated with worse OS, PFS,
or ORR. However, usage of systemic corticosteroids for
cancer-related symptoms was associated with a shorter
PES and lower ORR. Putting these together, our data add
to the body of evidence that the usage of systemic corti-
costeroids to treat irAEs is safe and should be done
promptly. Interestingly, a longer duration of systemic
corticosteroid usage was associated with alonger PFS and
OS. This suggests that the long-term usage of systemic
corticosteroids to manage irAEs may not be detrimental
to the efficacy of ICI-based regimes.

Incidence, Time to Onset, and Predictors of irAE

In our study, we found that 57.7% of patients experi-
enced irAEs of any grades, 14.3% experienced grade >3
irAEs, and 1.2% experienced treatment-related death.
There was a higher incidence of irAEs seen with combina-
tion immunotherapy or immunotherapy combined with
TKI or vascular endothelial growth factor inhibitor than
monotherapy immunotherapy. This is similar to what has
been reported in the phase 2 and phase 3 studies leading
to the approval of various immunotherapy regimes [4,
6-8, 33, 34].

We found that older, male patients, those with better
performance status (PS) and those with hepatitis C, had

18 Liver Cancer 2022;11:9-21
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a higher incidence of all-grade irAEs. While it is a well-
documented fact that chemotherapy toxicity increases
with age [35], this relationship is less clear in patients
treated with ICI. van Holstein et al. [36] described in a
review that the majority of studies (clinical trials or retro-
spective studies) did not suggest a higher incidence of
irAEs in older patients treated with ICI. However, there
may be a trend toward early treatment discontinuation
and more patients requiring treatment with immunosup-
pressants. A large retrospective study including 527 pa-
tients with NSCLC treated with ICI outside of a clinical
trial demonstrated no difference in incidence of irAEs
(any grades) or systemic corticosteroid usage, but there
was a trend toward early treatment interruption at 6
weeks for patients >75 years old. Valpione et al. [37] re-
ported that female patients were more likely to experience
irAEs in a study of patients with melanoma treated with
ipilimumab. This is contrary to our findings. The differ-
ences in the underlying malignancy (melanoma vs.
aHCC) and type of ICI used (predominance of pro-
grammed cell death protein-1/PD-L1 inhibitors vs. cyto-
toxic T lymphocyte antigen-4 inhibitors) may preclude
direct comparison. Nevertheless, large meta-analysis sug-
gested that males may benefit more from ICI. The effects
of gender on the immune system are complex, and how
this influences the efficacy and incidence of irAEs re-
mains an area that requires active research [38]. In con-
trast to the known association between poor PS and che-
motherapy toxicities, in our cohort, patients with better
PS had a higher incidence of irAEs [35]. However, it could
be possible that patients with a better PS have a more ro-
bust immune system and could hence mount an immune
response that leads to development of irAEs [39]. Anoth-
er possible explanation could be that patients with better
PS have longer PFS and OS [40, 41] and, hence, have a
longer duration of ICI treatment. This could account for
the higher incidence of irAEs. The same line of reasoning
could explain why patients with HCC secondary to hepa-
titis C (a known positive prognostic factor) would have a
higher incidence of irAEs.

Strengths and Limitations

This study has several limitations. First, it is a single-
center study. Second, the study is retrospective in nature
and information bias cannot be excluded. In addition, the
predominance of hepatitis B-associated HCC in this
study (a known negative prognostic factor) precludes
generalization of this study data to non-hepatitis B-asso-
ciated HCC. Also, the definition of whether a patient ex-
perienced irAE is at the investigator’s discretion. How-
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ever, all patients’ clinical charts are reviewed by at least
two oncologists when defining an irAE event.

The strength of this study includes it being the largest
study describing such an association in patients with
aHCC. Previous studies described 32 and 101 patients,
respectively [14, 42]. The study including 101 patients did
not include OS as an outcome. In addition, the long me-
dian follow-up of 25.1 months allows analysis of long-
term survival outcomes. Finally, the use of landmark
analysis allowed us to account for immortal bias which
was not included in the previous 2 studies.

Conclusion

Our study suggests that the presence of irAEs may be
a potential prognostic biomarker in patients with aHCC
treated with ICIL. Patients with more severe irAEs and
multisystem involvement have better prognosis. The
prompt use of systemic corticosteroids to treat patients
with irAEs is key to ensure the best long-term outcomes
for these patients.
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