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Background & Aims: We elucidated the clinical and immunologic implications of serum IL-6 levels in patients with unre-
sectable hepatocellular carcinoma (HCC) treated with atezolizumab and bevacizumab (Ate/Bev).

Methods: We prospectively enrolled 165 patients with unresectable HCC (discovery cohort: 84 patients from three centres;
validation cohort: 81 patients from one centre). Baseline blood samples were analysed using a flow cytometric bead array. The
tumour immune microenvironment was analysed using RNA sequencing.

Results: In the discovery cohort, clinical benefit 6 months (CBg,,) was defined as complete or partial response, or stable
disease for >6 months. Among various blood-based biomarkers, serum IL-6 levels were significantly higher in participants
without CBg, than in those with CBg,, (mean 11.56 vs. 5.05 pg/ml, p = 0.02). Using maximally selected rank statistics, the
optimal cut-off value for high IL-6 was determined as 18.49 pg/ml, and 15.2% of participants were found to have high IL-6
levels at baseline. In both the discovery and validation cohorts, participants with high baseline IL-6 levels had a reduced
response rate and worse progression-free and overall survival after Ate/Bev treatment compared with those with low baseline
IL-6 levels. In multivariable Cox regression analysis, the clinical implications of high IL-6 levels persisted, even after adjusting
for various confounding factors. Participants with high IL-6 levels showed reduced interferon-y and tumour necrosis factor-o
secretion from CD8" T cells. Moreover, excess IL-6 suppressed cytokine production and proliferation of CD8" T cells. Finally,
participants with high IL-6 levels exhibited a non-T-cell-inflamed immunosuppressive tumour microenvironment.
Conclusions: High baseline IL-6 levels can be associated with poor clinical outcomes and impaired T-cell function in patients
with unresectable HCC after Ate/Bev treatment.

Impact and implications: Although patients with hepatocellular carcinoma who respond to treatment with atezolizumab
and bevacizumab exhibit favourable clinical outcomes, a fraction of these still experience primary resistance. We found that
high baseline serum levels of IL-6 correlate with poor clinical outcomes and impaired T-cell response in patients with he-
patocellular carcinoma treated with atezolizumab and bevacizumab.

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

Introduction

Recently, combined treatment with atezolizumab, an anti-
programmed-death ligand-1 (PD-L1) antibody, and bev-
acizumab, an anti-vascular endothelial growth factor (VEGF)
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neutralising antibody, has demonstrated superior survival out-
comes compared with those associated with sorafenib in the
IMbrave150 trial, and became the standard of care in the new
first-line systemic therapy for unresectable hepatocellular car-
cinoma (HCC).!~®> Although people who respond to this combi-
nation therapy have favourable clinical outcomes, a fraction of
these still exhibit intrinsic resistance.*~” This limitation could be
overcome by optimising atezolizumab and bevacizumab (Ate/
Bev) therapy using an optimal biomarker that can precisely
predict clinical responses or intrinsic resistance before treatment
initiation. However, the development of predictive biomarkers
through tumour tissue analysis is limited in HCC relative to other
solid cancers, because tissue biopsy is not mandatory for
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diagnosing HCC and can be limited by tumour inaccessibility and
the person’s medical condition.®'° Considering these hurdles,
circulating biomarkers can be clinically more feasible alterna-
tives to tissue-based biomarkers for predicting the efficacy of
systemic therapy in unresectable HCC.

Cytokines are immunological messengers that act not only
locally in an autocrine and paracrine manner but also systemi-
cally on distant target organs.'! IL-6 is a multifunctional cytokine
produced by a variety of cell types, including immune cells, fi-
broblasts, endothelial cells, and tumour cells.'>~** IL-6 is upre-
gulated in various malignancies and plays a key role in
tumorigenesis by affecting the survival, proliferation, angiogen-
esis, invasiveness, and metastasis of tumour cells.”>'>~7 In the
liver, IL-6 levels increase in a stepwise manner from a healthy
status to hepatitis, cirrhosis, and HCC."® Furthermore, several
recent studies have reported mechanisms of resistance to
immunotherapy through IL-6 signalling.®~%? Excessive activation
of IL-6 signalling may attenuate Th1 responses and impair T-cell
recruitment in lymph nodes and the tumour microenvironment
(TME), thus dampening antitumour T-cell immunity.?*>-%°

Although the Ate/Bev combination therapy has emerged as a
new standard of care for HCC, the role of serum cytokines in
people treated with Ate/Bev has not been comprehensively
addressed. Here, we elucidated the clinical and immunological
implications of serum IL-6 levels in patients with unresectable
HCC treated with Ate/Bev.

Patients and methods

Study design and patients

This study prospectively enrolled patients with unresectable or
metastatic HCC treated with Ate/Bev in multiple tertiary cancer
centres in Korea. The study was conducted in two stages. In the
first stage, we aimed to identify clinically relevant biomarkers,
including various cytokines, in patients with HCC treated with
Ate/Bev at three independent cancer centres in Korea, namely
CHA Bundang Medical Center, Ulsan University Hospital, and
Haeundae Paik Hospital (discovery cohort). In the second stage,
we aimed to validate the clinical impact of biomarkers in an
independent cohort of patients with HCC treated with Ate/Bev at
the CHA Bundang Medical Center (validation cohort). The eligi-
bility criteria were age >20 years, unresectable or metastatic HCC
confirmed by histologic or radiologic diagnosis according to the
American Association for the Study of Liver Diseases criteria,®
no prior systemic anticancer therapy, Child-Pugh class A or B7,
and an Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0 to 1. The study adhered to the ethical guide-
lines of the Declaration of Helsinki and was approved by the
participating hospitals’ institutional review boards (CHA Bun-
dang Medical Center, CHA-2017-11-052 and CHA-2017-11-054;
Ulsan University Hospital, 2020-12-006; and Haeundae Paik
Hospital, 2020-12-019-001). Written informed consent was ob-
tained from all participants.

Treatments and outcome evaluation

Participants were treated with atezolizumab (1,200 mg fixed
dose) and bevacizumab (15 mg/kg) every 3 weeks as first-line
systemic therapy. Dose interruptions or reductions were deter-
mined according to the IMbrave150 protocol.! Treatment was
continued until intolerable toxicity, progressive disease (PD), or
withdrawal of consent was observed. Response evaluation was
performed every 6 or 9 weeks using computed tomography or
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magnetic resonance imaging, according to RECIST (Response
Evaluation Criteria in Solid Tumours) version 1.1. Overall survival
(0S) was defined as the time from treatment initiation to the
date of death. Progression-free survival (PFS) was defined as the
time between treatment initiation and the date of PD or death.
The objective response rate (ORR) was defined as the sum of
complete response (CR) and partial response (PR).

Sample collection and measurement of serum cytokines
Intravenous blood samples were obtained immediately before
the first administration of Ate/Bev. To obtain serum, blood was
centrifuged at 1,000xg for 5 min; serum samples were subse-
quently stored at -80 °C. Serum cytokine concentrations were
quantified using a cytometric bead array (560484, BD Bio-
sciences) according to the manufacturer’s instructions. In brief,
the capture beads were incubated with serum samples and the
detection reagent for 3 h at room temperature. After several
washes, cytokine-bead complexes were measured using a flow
cytometer (Beckman Coulter), and the data were analysed using
the Flow]o software (Tree Star Inc.).

Flow cytometry

Before antibody staining, cells were stained with Fixable Viability
Dye eFluor™ 780 (eBioscience) on ice for 30 min to exclude dead
cells, followed by treatment with a human Fc receptor-binding
inhibitor (eBioscience) for 15 min at room temperature. Surface
proteins were stained on ice for 30 min with the following
fluorochrome-conjugated antibodies: antihuman CD3 (clone
SK7, eBioscience), anti-human CD4 (clone RPA-T4, BioLegend),
and antihuman CD8 (clone RPA-T8, eBioscience). For intracellular
staining, cells were fixed and permeabilised with a FoxP3
staining buffer kit (Thermo Fisher Scientific) and stained with
the following fluorochrome-conjugated antibodies: antihuman
interferon-y (IFN-y) (clone B27, BD Biosciences), and antihuman
tumour necrosis factor-a (TNF-a) (clone Mab11, BD Biosciences).
Flow cytometry was performed using a CytoFLEX flow cytometer
(Beckman Coulter), and the results were analysed using the
Flow]o software (Tree Star Inc.).

Cytokine and proliferation assays

Peripheral blood mononuclear cells (PBMCs) were obtained by
density gradient centrifugation with Ficoll-Paque PLUS (GE
Healthcare). To assess cytokine secretion, PBMCs were activated
with a plate-bound anti-CD3 antibody (1 pg/ml), with or without
recombinant IL-6 (100 pg/ml). After 4 h, cells were treated with
brefeldin A (3 pg/ml, eBioscience) and monensin (2 pM, eBio-
science). After 20 h, the stimulated cells were harvested and
cytokine production was evaluated by flow cytometry. To assess
cellular proliferation, we stained the cells using a Cell Trace Vi-
olet cell proliferation kit (Thermo Fisher Scientific) according to
the manufacturer’s instructions. Briefly, cells were incubated
with Cell Trace Violet for 20 min at room temperature and then
washed. T cells were stimulated using anti-CD3 antibody-coated
plates. After 72 h, the cells were harvested and the dilution of
Cell Trace Violet was evaluated by flow cytometry.

RNA isolation and gene expression analysis

A total of 20 tumour samples with formalin-fixed paraffin-
embedded (FFPE) slides were retrieved. RNA was extracted using
Trizol (Thermo Fisher Scientific) and isolated using the AllPrep
FFPE tissue kit (Qiagen, Germany), following the manufacturer’s
instructions. The quality of FFPE-derived RNA was measured by
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Table 1. Baseline demographics of participants with HCC.
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Total HCC cohort (N = 165)

Discovery cohort (n = 84)

Validation cohort (n = 81)

Age (years), median (IQR)
Male sex
ECOG performance status
0
1
Child-Pugh classification
A5
A6
B7
BCLC stage
B
C
AFP 2400 ng/ml, n (%)
Presence of MVI
Presence of extrahepatic spread
Aetiology of HCC
Hepatitis B
Hepatitis C
Alcohol
Other or unknown
Prior local therapy for HCC
IL-6 at baseline, median (IQR)
IL-6 at baseline

Negative or low (<18.49 pg/ml)

High (>18.49 pg/ml)

61 (55-68)
139 (84.2%)

68 (41.2%)
97 (58.8%)

99 (60.0%)
45 (273%)
21 (12.7%)

34 (20.6%)
131 (79.4%)
56 (33.9%)
61 (37.0%)
96 (58.2%)

117 (67.3%)
12 (6.7%)
19 (11.5%)
17 (14.5%)
109 (66.1%)
)

2.89 (0.8-8.9

140 (84.8%)
25 (15.2%)

61 (55-69)
70 (83.3%)

48 (57.1%)
36 (42.9%)

59 (70.2%)
20 (23.8%)
5 (6.0%)

21 (25.0%)
63 (75.0%)
26 (31.0%)
24 (28.6%)
46 (54.8%)

60 (71.4%)
5 (6.0%)
12 (14.3%)
7 (8.3%)
58 (69.0%)

3.29 (1.3-8.3)

74 (88.1%)
10 (11.9%)

61 (56-68)
69 (85.2%)

20 (24.7%)
61 (75.3%)

40 (49.4%)
25 (30.9%)
16 (19.7%)

13 (16.0%)
68 (84.0%)
30 (37.0%)
37 (45.7%)
50 (61.7%)

57 (70.4%)

7 (8.6%)

7 (8.6%)

10 (12.3%)

51 (63.0%)
2.32 (0.0-9.4)

66 (81.5%)
15 (18.5%)

AFP, alpha-foetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; HCC, hepatocellular carcinoma; MVI, macrovascular invasion.
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Fig. 1. Baseline serum IL-6 levels are higher in patients without clinical benefit than in those with clinical benefit. (A) Comparisons of baseline serum
cytokine levels, laboratory markers, and clinical characteristics. (B) Comparisons of baseline serum IL-2, IL-4, IL-6, IL-10, IL-17A, IFN-y, and TNF-q levels according
to CBem (CBgm, N = 47; non-CBgy, n = 37). (C) Comparisons of serum IL-6 levels according to the best response. Values were compared using unpaired ¢ tests (B) or
ANOVA with Tukey’s post hoc test (C). CBgn, clinical benefit 6 months; CR, complete response; IFN-y, interferon-y; NLR, neutrophil-to-lymphocyte ratio; PD,
progressive disease; PFS, progression-free survival; PLR, platelet-to-lymphocyte ratio; PNI, prognostic nutritional index; PR, partial response; PVT, portal vein
thrombosis; SD, stable disease; SII, systemic immune-inflammation index; TNF-o, tumour necrosis factor-o.
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Table 2. Clinical characteristics according to IL-6 status.
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IL-6-low (n = 140) IL-6-high (n = 25) p value
Age (years), median (IQR) 61 (55-68) 64 (58-69) 0.120
Male sex 119 (85.0%) 20 (80.0%) 0.527
ECOG performance status 0.058
0 62 (44.3%) 6 (24.0%)
1 78 (55.7%) 19 (76.0%)
Child-Pugh classification <0.001
A5 92 (65.7%) 7 (28.0%)
A6 35 (25.0%) 10 (40.0%)
B7 13 (9.3%) 8 (32.0%)
BCLC stage 0.287
B 31 (22.1%) 3 (12.0%)
C 109 (77.9%) 22 (88.0%)
AFP 400 ng/ml, n (%) 45 (32.1%) 11 (44.0%) 0.249
Presence of MVI 48 (34.3%) 13 (52.0%) 0.091
Presence of extrahepatic spread 79 (56.4%) 17 (68.0%) 0.280
Aetiology of HCC 0.720
Hepatitis B 100 (71.4%) 17 (68.0%)
Hepatitis C 9 (6.4%) 3 (12.0%)
Alcohol 17 (12.1%) 2 (8.0%)
Other or unknown 14 (10.0%) 3 (12.0%)
CRAFITY score <0.001
0 63 (45.0%) 2 (8.0%)
1 64 (45.7%) 10 (40.0%)
2 13 (9.3%) 13 (52.0%)
Prior local therapy for HCC 98 (70.0%) 11 (44.0%) 0.011

AFP, alpha-foetoprotein; BCLC, Barcelona Clinic Liver Cancer; CRAFITY, C-reactive protein and AFP in immunotherapy; ECOG, Eastern Cooperative Oncology Group; HCC,

hepatocellular carcinoma; MVI, macrovascular invasion.

the proportion of fragments >200 b (DV200). FFPE-derived RNA
from all 20 samples was processed on FFPE-compatible RNAseq
library preparation using QuantSeq 3’ mRNA-Seq Library Prep Kit
FWD (Lexogen, USA). RNA sequencing was performed using the
QuantSeq 3’ mRNA-sequencing kit (Lexogen, Vienna, Austria) to
obtain the gene expression profiles of samples from the IL-6-high
and IL-6-low groups.

Estimation of immune cell infiltration into the TME

The absolute score and relative fraction of the infiltrated immune
subsets in the samples were estimated using the CIBERSORT al-
gorithm. The leucocyte signature matrix LM22 was used as a
signature gene set to infer the abundance of immune subsets in
the gene expression data. The permutations were performed 100
times for statistical analysis. Student’s ¢t test was used to compare
the IL-6-high and IL-6-low groups, and to assess the statistical
significance of IL-6-related enrichment of the immune subsets.
Signatures of T-cell dysfunction and exclusion were calculated
based on the algorithm of the previous report.”’ Immunohisto-
chemical staining of tumour tissues was performed with anti-
CD8 (Ventana) and anti-CD4 (Abcam) antibodies, as previously
described.?® Densities of CD8" and CD4" T cells were quantified
using the Image] software (https://imagej.nih.gov/ij/download.
html) as previously described.?®

Statistical analysis

Independent-sample t tests, ANOVA, and chi-square tests were
used to compare variables. Survival analysis was performed us-
ing the Kaplan-Meier method, and the subgroups were
compared using the log-rank test. Univariable and multivariable
analyses of survival outcomes were performed using Cox pro-
portional hazards regression analysis. The optimal cut-off value
for IL-6 was determined using the maxstat (maximally selected
rank statistics) package of the R software (R Foundation for

Statistical Computing, Vienna, Austria; https://www.r-project.
org/).2° All other statistical analyses were performed using the
IBM SPSS version 18.0 software (IBM, Armonk, NY, USA). Statis-
tical significance was set at p < 0.05.

Results

Participant characteristics and treatment outcome

From June 2020 to October 2021, 165 participants with unre-
sectable HCC treated with Ate/Bev were prospectively registered
in the discovery (n = 84) and validation (n = 81) cohorts at three
tertiary cancer centres in Korea. A CONSORT (Consolidated
Standards of Reporting Trials) diagram is shown in Fig. S1. The
baseline clinical and laboratory characteristics are shown in
Table 1 and Fig. 1, respectively. The median participant age was
61 years, and 84.2% were male. Most participants were Child-
Pugh class A (87.3%) and Barcelona Clinic Liver Cancer (BCLC)
stage C (79.4%). Hepatitis B (67.3 %) was the most common cause
of HCC. Most participants (66.1%) had received at least one prior
local therapy for HCC. Participants in the validation cohort had
worse ECOG performance status and more Child-Pugh B7 class
than those in the discovery cohort. The discovery cohort showed
an ORR of 33.3% and a 1-year OS rate of 90.0%, with a median
follow-up duration of 11.4 months. The validation cohort showed
an ORR of 24.7% and a 1-year OS rate of 82.4%, with a median
follow-up of 6.6 months.

Serum IL-6 levels were elevated in participants without
clinical benefit

Next, we compared the baseline serum cytokine levels, labora-
tory markers, and clinical characteristics between participants
with and without clinical benefit 6 months (CBgy,) (Fig. 1A). CBgy
was defined as CR, PR, or stable disease (SD) with >6 months PFS
after Ate/Bev treatment. Among the various markers, serum IL-6
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Fig. 2. High IL-6 levels are associated with reduced clinical outcomes following treatment with Ate/Bev in HCC. Treatment outcomes of the (A-C) discovery
cohort (n = 84) and (D-F) validation cohort (n = 81). (A and D) Bar charts showing the best response to Ate/Bev as determined by IL-6 levels. (B, C, E, and F)
Kaplan-Meier curves showing PFS and OS according to IL-6 levels. Values of p were calculated using the log-rank test. HRs and 95% Cls are shown in the survival
curves. Ate/Bev, atezolizumab and bevacizumab; HCC, hepatocellular carcinoma; HR, hazard ratio; OS, overall survival; PD, progressive disease; PFS, progression-

free survival; PR, partial response; SD, stable disease.

levels were significantly higher in participants without CBg,
than in those with CBg, (mean 11.56 vs. 5.05, p = 0.02) (Fig. 1A
and B). Moreover, participants who had PD at the first response
evaluation had remarkably high baseline serum IL-6 levels
compared with those with objective responses (CR + PR) (mean
14.15 vs. 3.62, p = 0.026).

Then, using the maximally selected rank statistics, we deter-
mined the cut-off value for high IL-6 that could optimally predict
PFS as 18.49 pg/ml (Fig. S2). Using this cut-off value, 15.2% of the
participants in this study (11.9% in the discovery cohort and
18.5% in the validation cohort) were defined as IL-6-high
(Table 1).

Previous studies have shown that IL-6 levels are strongly
associated with HCC development and serum IL-6 levels pro-
gressively increased from healthy liver status to hepatitis, liver
cirrhosis, and HCC, according to disease stage.'® In this study, we
confirmed that IL-6 levels increased proportionally with
decreased liver function, and participants classified as Child-
Pugh B7 had higher IL-6 levels than those who were Child-
Pugh A. However, in terms of disease stage, BCLC stages B and
C did not show a significant difference in IL-6 levels (Table 2).

Recently, the C-reactive protein and alpha-foetoprotein (AFP) in
immunotherapy (CRAFITY) score has been associated with clin-
ical outcomes in patients with HCC treated with Programmed-
death (ligand)-1 (PD-(L)1) immunotherapy.’! Intriguingly, there
is a significant correlation between high IL-6 levels and high
CRAFITY scores (p <0.001) (Table 2).

High IL-6 levels were associated with unfavourable clinical
outcomes in response to Ate/Bev in HCC

Next, we compared the clinical outcomes of Ate/Bev treatment
according to baseline IL-6 levels in unresectable HCC. In the
discovery cohort, participants with high IL-6 levels at baseline
had a lower ORR than those with low IL-6 levels (0 vs. 37.8%;
Fig. 2A). Moreover, PFS and OS were significantly worse in par-
ticipants with high IL-6 levels than in those with low IL-6 levels
(for PFS, hazard ratio [HR] 2.93, p = 0.003; for OS, HR 3.02, p =
0.021) (Fig. 2B and C). These findings were consistent with those
of the validation cohort. Participants with high IL-6 levels
showed a significantly lower ORR than those with low IL-6 levels
(7 vs. 28.8%; Fig. 2D). Moreover, the IL-6-high group showed
worse PFS and OS than the IL-6-low group (for PFS, HR 2.15, p =
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Fig. 3. Multivariable survival analysis using the discovery and validation cohorts. Forest plots showing multivariable analyses of (A) PFS and (B) OS by age, sex,
ECOG performance status, Child-Pugh score, AFP, MVI, extrahepatic spread, and serum IL-6 levels; N = 165, pooled data from the discovery and validation cohorts.
Values of p were calculated using Cox proportional hazards regression analysis. AFP, alpha-foetoprotein; ECOG, Eastern Cooperative Oncology Group; HR, hazard
ratio; MVI, macrovascular invasion; OS, overall survival; PFS, progression-free survival.

0.018; for OS, HR 4.64, p <0.001) (Fig. 2E and F). Of note, almost
half of the participants with high IL-6 levels at baseline (60.0% in
the discovery cohort and 46.7% in the validation cohort) showed
disease progression at their first radiologic response evaluation,
compared with only 17.1% of participants with low IL-6 levels
(12.2% in the discovery cohort and 22.7% in the validation
cohort).

Because other variables such as Child-Pugh class may serve as
confounding factors of survival outcome, we further validated
the clinical impact of baseline IL-6 levels using a multivariable
Cox proportional hazards model. On multivariable analysis, high
baseline IL-6 levels were still the most significant factor associ-
ated with poor PFS and OS compared with other confounding
variables, such as age, sex, ECOG performance status, Child-Pugh
class, AFP levels, macrovascular invasion (MVI), and extrahepatic
metastasis (for PFS, HR 1.843, p = 0.029; for OS, HR 2.462, p =
0.014) (Fig. 3A and B).

Highly elevated serum IL-6 levels correlated with reduced
cytokine production and CD8" T-cell proliferation

To further unveil how high levels of serum IL-6 influence T-cell
immunity, we compared effector cytokine production by pe-
ripheral blood CD8" T cells from IL-6-high and IL-6-low partic-
ipants. CD8" T cells from participants with high IL-6 levels
produced less IFN-y and TNF-a than those from participants
with low IL-6 levels (Fig. 4A and B). To confirm that excess IL-6
affects CD8" T-cell function, we examined whether the function
of CD8" T cells from participants with low IL-6 levels can be

impaired by exogenous IL-6 treatment. Indeed, IL-6-treated
CD8* T cells produced less IFN-y and TNF-o than the control
CD8* T cells (Fig. 4C and D). Moreover, excess IL-6 suppressed
CD8" T-cell proliferation (Fig. 4E and F). Therefore, high IL-6
levels may be associated with decreased effector function and
proliferative capacity of cytotoxic T cells in patients with
unresectable HCC.

Highly elevated serum IL-6 levels may be associated with a
non-T-cell-inflamed TME in unresectable HCC

To compare tumour immune phenotypes between the IL-6-high
and IL-6-low groups, we examined intratumoural immune cell
subsets from RNA sequencing data using CIBERSORT algorithms.
Absolute scores from CIBERSORT algorithms estimated that the
immune environment of tumours from the IL-6-high group
consisted of a relatively lower quantity of immune subsets
(Fig. 5A). To evaluate the difference in immune subsets between
IL-6-high and IL-6-low tumours, hierarchical clustering was
performed (Fig. S3A). In tumours with high IL-6 levels, CD8* and
CD4" T-cell CIBERSORT scores were remarkably lower than in
those with low IL-6 levels (Fig. 5B and Fig. S3B). Moreover, T-cell
dysfunction and exclusion scores were remarkably higher in IL-
6-high tumours than in IL-6-low tumours (Fig. 5C). Consistent
with the findings of the CIBERSORT analysis, histological analysis
showed that intratumoural CD8" and CD4" T cells were lower in
IL-6-high tumours than in IL-6-low tumours (Fig. 5D). Therefore,
patients with high serum IL-6 levels had non-T-cell-inflamed
TME in their tumour tissues.
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Discussion
Ate/Bev treatment has become the standard of care for unre-
sectable HCC; however, a fraction of patients still exhibit primary
resistance to this combination therapy. Pretreatment identifica-
tion of these non-responders has been a crucial topic for both
patients and clinicians. Herein, we found that a fraction (15%) of
participants with unresectable HCC had high baseline IL-6 levels,
and this was associated with reduced clinical benefits from Ate/
Bev treatment. These findings were consistent even after
adjusting for various confounding factors, including age, sex,
ECOG, Child-Pugh class, AFP, MVI, and extrahepatic spread.
Although PD-L1 expression, microsatellite instability (MSI)-
high status, and tumour mutational burden in tumour tissues are
well-known predictive markers of response to immunotherapy
in other solid tumours, their clinical use is less established in
HCC.22~3* Especially in HCC, given that tissue biopsy is not
mandatory for diagnosis, the discovery of tumour tissue pre-
dictive biomarkers is very limited. In this regard, the discovery of
circulating biomarkers that can predict immunotherapy efficacy

is clinically meaningful in HCC. Thus, serum IL-6 is a promising
candidate as an easily accessible circulating predictive biomarker
for Ate/Bev treatment in HCC.

In this multicentre study, we verified the clinical implications
of IL-6 using a multitude of evidence. First, we found that pa-
tients with high baseline IL-6 levels had unfavourable survival
outcomes following Ate/Bev treatment. These findings were
verified using a validation cohort and multivariable analysis.
Second, we elucidated the immunological impact of high IL-6
levels on CD8* T-cell function using serological and flow cyto-
metric analyses. We demonstrated that patients with high IL-6
levels had reduced activation of peripheral CD8" T cells
compared with patients with low IL-6 levels. Moreover, excess
IL-6 impaired cytokine production and proliferation of CD8* T
cells. These findings suggest that high baseline IL-6 levels may
attenuate T-cell immunity in unresectable HCC. Third, we eval-
uated immune cell infiltrates within the HCC tissue by
comparing RNA sequencing data between the high and low IL-6
groups. Notably, CD8" and CD4" T cells were markedly reduced in
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IL-6-high tumours compared with IL-6-low tumours. Therefore,
high serum IL-6 levels be associated with a non-T-cell-inflamed
TME in unresectable HCC.

In this study, we defined clinical benefit 6 months (CBgy,) as
CR, PR, or SD with >6 months PFS. The disease control rate is
generally defined as the sum of CR, PR, and SD, regardless of the
PFS.>> When we compared CBg,, and disease control rate ac-
cording to various cytokine levels, the overall trends were com-
parable, but CBg,, better correlated with the differences in
cytokine levels than disease control rate (Fig. S4). This may be
because, in patients with SD, those with shorter PFS (<6 months)
have higher levels of IL-6 than those with longer PFS (26 months).

Although we defined the IL-6 cut-off value for determining
the clinical outcomes of first-line Ate/Bev therapy in unresect-
able HCC as 18.49 pg/ml, another recent study examining a small
number of people treated with Ate/Bev as first- or second-line
therapy suggested that a relatively low IL-6 level (3.2 pg/ml)
could be used as a prognostic factor.>® However, this lower IL-6
cut-off value did not demonstrate significant differences in sur-
vival outcomes in our discovery and validation cohorts and T-cell
functional differences, which suggests that sufficiently high IL-6
levels need to be applied to reproducibly predict the therapeutic
efficacy of Ate/Bev.

The IL-6 signalling pathway is abnormally regulated in
various malignancies,’>!” and several recent studies have re-
ported that IL-6 may be involved in mechanisms of resistance to

immunotherapy.'®?! IL-6 activates STAT3 in dendritic cells

(DCs), leading to the downregulation of major histocompatibility
complex class Il expression on the surface of DCs.>’ IL-6 is also
capable of upregulating Agr-1 expression and chemokine re-
ceptor CCR5 in myeloid-derived suppressor cells (MDSCs), lead-
ing to MDSC recruitment and activation.*® Other recent studies
have also revealed an association between high baseline IL-6
levels and reduced benefits from immunotherapy in patients
with melanoma, renal cell carcinoma, and lung cancer.??>%49
These findings suggest that high IL-6 levels may attenuate the
efficacy of immunotherapy and that IL-6 blockade could
augment antitumour immunity. A recent preclinical study
revealed that IL-6 blockade could suppress tumour growth by
enhancing CD4*/CD8" effector T cells while suppressing Th17 and
macrophages.”' Based on these previous findings, an ongoing
phase Ib/II clinical trial (NCT04524871) is currently evaluating
the efficacy and safety of anti-IL-6 add-on therapy in patients
with unresectable HCC treated with Ate/Bev.

Our study was limited in that it enrolled only East Asian
participants from a hepatitis B virus-endemic region, therefore
necessitating external validation in other ethnic groups.
Furthermore, we did not evaluate the source of peripheral
blood IL-6 levels. In HCC, IL-6 levels may be affected by various
conditions, such as deterioration of liver function, progression
of the HCC stage, and the immune phenotype of HCC, as shown
by the RNA sequencing results of our study. Thus, further
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investigation is needed to clarify the source of elevated IL-6
levels. Moreover, in this study, we activated T cells in vitro for
a short time; thus, some T cells may have remained in a naive
state, which could have affected the degree of cytokine pro-
duction. Therefore, further mechanistic studies on the effect of
IL-6 on T-cell function are needed to validate the findings of
this study.

In conclusion, high baseline serum IL-6 level is associated
with worse clinical outcomes in patients with unresectable HCC
treated with Ate/Bev. Clinicians need to carefully monitor and
perform early response evaluations when treating patients with

JHEP|Reports

high IL-6 levels; however, these individuals should not be
excluded from receiving a potentially effective standard-of-care
therapy. Further validation and standardisation of IL-6 assays
are warranted to optimise the monitoring and management of
the Ate/Bev combination therapy. In addition, future in-
vestigations are needed to explore whether the association be-
tween reduced clinical benefit in response to Ate/Bev treatment
and high IL-6 levels observed in the present study can also be
applied to other combination immunotherapies, such as anti-
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) and anti-
PD-1/PD-L1.
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