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ARTICLE INFO ABSTRACT

Article History: Introduction and Objectives: Immunotherapy with atezolizumab/bevacizumab (atezo/bev) is an established
Received 22 January 2025 first-line treatment for patients with non-resectable hepatocellular carcinoma (HCC). Despite notable suc-
Accepted 7 October 2025 cesses, only a subset of patients shows treatment response, highlighting the need for biomarkers to identify
Available online 11 October 2025 those likely to benefit from this therapy.

Materials and Methods: In this biomarker study, 143 patients with atezo/bev-treated HCC were enrolled

I.ffﬂ:fﬁ:r across three European centers. Baseline cytokine levels were measured using a flow cytometric multiplex
Interleukin 6 bead assay. Overall survival (OS) analysis, reported as hazard ratios (HR), was conducted in an unbiased man-
Immune checkpoint inhibitors ner, with patients divided into a discovery cohort (one center, 63 patients) and a validation cohort (two cen-
HCC ters, 80 patients).

Liver cancer Results: Our cohorts show typical baseline characteristics of Western HCC patients, with alcohol-related liver

disease (35.0 %) and hepatitis C (21.7 %) as the main HCC etiologies. Elevated serum IL-6 (cut-off 18.22 pg/ml)
was associated with poor OS in both the discovery (HR 2.6, 95 % CI 1.2—5.6, p = 0.013) and validation cohorts
(HR 2.4, 95 % Cl 1.3—4.4, p = 0.005). Multivariate analysis confirmed elevated IL-6 to be a significant prognos-
tic biomarker of poor OS (HR 2.1, 95 % CI 1.1-3.9, p = 0.021) after adjusting for established risk factors.
Conclusions: We identify elevated serum IL-6 levels as prognostic biomarker in patients with advanced HCC
in Western countries. Importantly, this association was independent of infection with viral hepatitis, thus
extending the previously reported associations between IL-6 and treatment response in East Asian cohorts.
© 2025 Fundacién Clinica Médica Sur, A.C. Published by Elsevier Espafia, S.L.U. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/)
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1. Introduction

Hepatocellular carcinoma (HCC) ranks among the most lethal cancer
entities, with approximately 830,000 deaths caused worldwide in 2020
[1]. Most HCCs are diagnosed at an advanced stage, thus requiring sys-
temic treatment [2]. The combination of the immune checkpoint inhibi-
tor (ICI) atezolizumab and the vascular endothelial growth factor
(VEGF) inhibitor bevacizumab (atezo/bev) has revolutionized treatment
algorithms for advanced HCC and has substantially improved patient
outcomes as compared to the previous first-line therapy sorafenib [3,4].
However, despite its remarkable efficacy in some patients, clinical end-
points remain compromised in a large fraction of patients. Importantly,
ICI-induced hyperactivation of the immune system can lead to the
development of immune-related adverse events (irAE), which can result
in iatrogenic immune-mediated diseases in multiple organs, often
necessitating treatment discontinuation. Thus, the identification of bio-
markers that could help to predict treatment response is crucial to select
patients who will most likely benefit from this oncological therapy and
to avoid potentially serious side effects in patients who most likely will
not benefit from immunotherapy.

Considering that tissue biopsy is not mandatory for HCC diagnosis,
the development of tissue-related biomarkers in HCC is limited [5].
Thus, identifying circulating biomarkers for predicting treatment effi-
cacy and patient prognosis is of major interest in this entity [6]. In this
context, cytokines, which represent immunological messenger mole-
cules acting in a paracrine as well as systemic manner, shape immunity
in homeostasis and disease and can be critically involved in the regula-
tion of anti-cancer immune responses [7—9]. Interleukin-6 (IL-6) is a
pleiotropic cytokine secreted by a variety of cell types including differ-
ent immune cell subsets, stromal cells such as fibroblasts and endothe-
lial cells as well as cancer cells [10]. Upregulation of systemic IL-6 has
been reported for diverse cancer entities and has been linked to cancer
cell biology, including survival, proliferation, invasiveness and formation
of a metastatic niche [8,11,12]. Furthermore, hyperactivation of the IL-6
signaling cascade has been described to dampen T cell-based anti-tumor
immunity and to represent an important resistance mechanism to can-
cer immunotherapy in a plethora of cancer entities [8,13—15]. In the
context of liver disease, IL-6 levels increase in a hierarchical manner
from healthy tissue towards hepatitis, cirrhosis, and HCC, thereby estab-
lishing a pro-tumorigenic state [16—19]. Regarding HCC, high serum IL-
6 levels were attributed to reduced clinical benefit of immunotherapy
in several East Asian HCC cohorts [20—22]. The applicability of these
results to Western patients remains uncertain due to demographic and
genetic differences, as well as variations in the underlying etiology of
HCC. In the cohorts mentioned, Hepatitis B Virus infection was the pri-
mary driver of malignancy, affecting over 70 % of patients. In contrast, in
Western countries, a larger proportion of HCC cases arise from alcohol-
related or metabolic liver cirrhosis. These differences result in substan-
tial variations in the immunological and molecular phenotypes between
viral, alcohol-related, and metabolic liver damage, leading to distinct
tumor microenvironments in HCC. Consequently, it is unclear whether
the finding that serum IL-6 serves as a predictive biomarker for atezo/
bev-treated HCC patients can be applied to Western HCC cohorts. [23].

In this multicenter study, we aimed to comprehensively address
the role of systemic IL-6 levels in advanced HCC patients receiving
atezo/bev in a large Western real-world cohort. Our study suggests
that elevated serum IL-6 may serve as a negative prognostic bio-
marker in atezo/bev-treated HCC patients and highlights its potential
biological relevance in HCC patients receiving immunotherapy.

2. Materials and Methods
2.1. Patient population

Patient data was recruited from two centers in Germany (Univer-
sity Medical Center Hamburg-Eppendorf, University Hospital LMU
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Munich) and one center in Austria (Medical University of Vienna). All
patients included in this study had confirmed HCC diagnosis based
on histopathological findings or diagnostic imaging criteria according
to the European Association for the Study of the Liver (EASL) [24]. All
patients who received immunotherapy with atezo/bev were eligible
for inclusion. No patients were excluded. The study was approved by
the Ethics Committee of the Hamburg Medical Association
(#PV3578), the Ethic Committee of the LMU Munich (18—604, 20
—439), and the Ethics Committee of the Medical University of Vienna
(2033/2017). Written informed consent was obtained from all sub-
jects involved. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) checklist was used during manu-
script preparation [25]. All experiments were carried out in accor-
dance with the relevant guidelines and regulations. All research was
conducted in accordance with the Declaration of Helsinki and Istan-
bul. This study was not registered in a clinical trial registry.

2.2. Treatments and assessments

All patients received the following treatment regimen: atezolizu-
mab plus bevacizumab (atezo/bev), with atezolizumab being admin-
istered intravenously at a dose of 1200 mg and bevacizumab at
15 mg per kg of body weight every three weeks. Monitoring of
patients comprised clinical, laboratory, and imaging evaluations,
according to the established standard of care per EASL HCC guidelines
[24]. Tumor response was assessed every 8 to 12 weeks through com-
puted tomography and/or magnetic resonance imaging and evalu-
ated according to mRECIST criteria.

2.3. Endpoints

The primary endpoint of this study was to investigate overall sur-
vival (0S) in the study cohorts depending on the serum cytokine lev-
els. Secondary endpoints included progression-free survival (PFS)
and response rates. OS was defined as the time from treatment initia-
tion until death from any cause. PFS referred to the period from treat-
ment initiation to disease progression on radiological assessment or
death from any cause. Patients without recorded OS or PFS events or
patients who were lost to follow-up were censored at the date of
their most recent contact. Radiological response was characterized as
complete or partial response (CR/PR), stable or progressive disease
(SD/PD) by the local investigator. Overall response rate (ORR) was the
proportion of patients experiencing CR and PR, while disease control
rate (DCR) was defined as CR plus PR plus SD.

2.4. Specimen collection and serum preparation

Blood specimens were drawn into serum-separating tubes before
the initiation of therapy and processed within 6 h. The blood was
centrifuged for 10 min at 1800 g, and the serum was collected and
stored at —20 °C and —80 °C until use.

2.5. Serum cytokine detection

For serum cytokine quantification LEGENDplex™ HU Th1 Panel
(5-plex) was used according to manufacturer’s instructions (Biole-
gend, USA). Flow cytometry was performed on an LSRII Flow cytome-
ter (BD Biosciences, USA). Data was analyzed using the
LEGENDplex™ data analysis software (Biolegend, USA).

2.6. Statistics

Optimal cytokine cut-off values of the discovery cohort (Univer-
sity Medical Center Hamburg-Eppendorf) were calculated using the
CutoffFinder web application [26]. The optimal cut-off was defined as
the point with the most significant (log-rank test) split. Patients were



L. Kocheise, ]. Kempski, Y. Tang et al.

divided into high and low groups according to the determined cut-off
value. Patients of the validation cohorts (University Hospital LMU
Munich, Medical University of Vienna) were subdivided into these
groups using the same cut-off value.

We used Fisher’s exact test and Student’s t-test to compare differ-
ences between categorical and continuous variables, respectively. For
Cox regression modeling of non-binary coded parameters, a dichoto-
mous fashion was used. OS and PFS were analyzed using log-rank
test (Mantel-Haenszel Version) and plotted with Kaplan Meier
curves. Multivariate Cox regression analysis was conducted and vari-
ables that were judged as clinically relevant according to available lit-
erature were included in the multivariable model.

For all statistical analyses, p-values below 0.05 were considered
significant. All statistical analyses were conducted on GraphPad
Prism (Version 10.5.0).

3. Results
3.1. Patient characteristics

From January 2020 to October 2023 participants with advanced
HCC treated with atezo/bev were prospectively enrolled in this bio-
marker study at three tertiary referral centers in Europe. In total, 143
patients were included in this European multi-center study. Patients
were divided into a discovery cohort (63 patients from the Hamburg
center) and a validation cohort (80 patients from two centers; 38
from the Vienna center, 42 from the Munich center). The baseline
characteristics of these cohorts are presented in Table 1. The mean
age of the patients was 67.2 years. This patient cohort consisted of
121 (84.6 %) men and 22 (15.4 %) women. The mean age of the
patients was 68.4 years. 110 (76.9 %) of patients had confirmed cir-
rhosis at the time of HCC diagnosis. Etiology of the underlying liver
disease was distributed as follows: Chronic viral hepatitis (n=10
chronic hepatitis B, n=31 chronic hepatitis C), metabolic dysfunction
—associated steatotic liver disease (n=21), alcohol-associated liver
disease (n=50), other causes (n = 7; adenoma: 1 patient, autoimmune
hepatitis: 1 patient, primary biliary cholangitis: 1 patient, hemochro-
matosis: 2 patients, Wilson’s disease: 1 patient, chronic aflatoxin
exposure: 1 patient) and 26 cases of unknown or cryptogenic etiol-
ogy. For patients with multiple risk factors, each risk factor was
included. In 33 (23.1 %) cases, tumor burden was classified as Barce-
lona Clinic Liver Cancer (BCLC) stage B, while 102 (71.3 %) cases were
classified as BCLC stage C, and 8 cases were classified as BCLC stage D.
Overall, our cohort reflects a typical cohort for unresectable HCC in
Western tertiary centers.

3.2. Serum IL-6 and IL-10 correlate with overall survival in the discovery
data set of HCC patients treated with atezo/bev

We first performed a retrospective multiplex analysis of serum
cytokines using a cytometric bead array (CBA) in patients who partic-
ipated in the study at the University Medical Center Hamburg-Eppen-
dorf. The patients were divided into groups with high or low cytokine
levels based on the respective median value used as cut-off. Instead
of using established cut-off finder algorithms for optimal separation
of groups, we decided to use the median as an a priori cut-off to
employ a fully unbiased screening of cytokine levels which might
predict the survival of HCC patients undergoing atezo/bev treatment.
From the 5 cytokines measured (Interferon-y (IFN-y), Tumor necrosis
factor-a (TNF-«), IL-2, IL-6 and IL-10) we identified that high levels of
IL-6 (HR 2.4,95 % CI 1.1-5.1, p = 0.025) and IL-10 (HR 2.3, 95 % CI 1.1
—5.0, p = 0.032) were associated with reduced OS in the discovery
data set (Fig. 1a-b) while no association with survival was found for
serum cytokine levels of IFN-y, TNF-« and IL-2 (Fig. 1c-e). There
were no significant differences in cytokine values between the dis-
covery and validation cohorts.
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Table 1
Baseline characteristics.
Baseline characteristics Total cohort Discovery Validation
(n=143) (n=63) (n=80)
Gender ( %)
Male 121 (84.6 %) 57 (90.5 %) 64 (80.0 %)
Female 22 (154 %) 6(9.5%) 16 (20.0 %)
Age
Mean + SD 67.2+95 68.4 £ 9.1 66.3+9.8
Liver cirrhosis ( %)
Yes 110 (76.9 %) 54(85.7 %) 56 (70.0 %)
No 33(23.1%) 9(143 %) 24(30.0 %)
CPS (%)
Not available 1(0.9%) 0(0.0%) 1(1.8%)
A 56 (50.9 %) 26 (48.1%) 30(53.6%)
B 46 (41.8 %) 25(46.3 %) 21(37.5%)
C 7(6.3%) 3(5.6%) 4(7.1%)
ALBI grade
Not available 1(0.7 %) 1(1.6%) 0(0.0%)
[ 46 (32.2 %) 11(17.5%) 35(43.8%)
11 80 (55.9 %) 38(60.3 %) 42 (52.5%)
111 16 (11.2%) 13 (20.6 %) 3(3.7%)
Etiology of liver disease”
Alcohol 50 (35.0 %) 26 (413 %) 24(30.0 %)
MASLD 21(14.7 %) 12(19.0%) 9(11.3%)
Hepatitis B 0(7.0%) 3(4.8%) 7(8.8%)
Hepatitis C 31(21.7 %) 12 (19.0 %) 19(23.8%)
Other or unknown 33(21.7 %) 10(15.9%) 21(25.0%)
ECOG ( %)
0 79 (55.2%) 21(333%) 58 (72.5%)
1 56 (39.2 %) 37 (58.7 %) 19(23.7 %)
2 8(5.6%) 5(7.9%) 3(3.8%)
BCLC classification ( %)
B 33(23.1%) 15(23.8%) 18 (22.5%)
C 102 (71.3 %) 45 (71.4 %) 57 (713 %)
D 8(5.6%) 3(4.8%) 5(6.3%)
Macrovascular invasion ( %)
No 76 (53.1%) 27 (429%) 49(61.3 %)
Yes 67 (46.9 %) 36 (57.1%) 31(38.8%)
Extrahepatic spread ( %)
No 81 (56.6 %) 41(65.1 %) 40(50.0 %)
Yes 62 (434 %) 22 (349%) 40(50.0 %)
AFP ( %)
<400 ng/ml 91 (63,6 %) 43 (68.3 %) 48 (60.0 %)
> 400 ng/ml 48(33.6 %) 19(30.1 %) 29(36.3%)
Not available 4(2.8%) 1(1.6%) 3(3.8%)
Serum IL-6 levels
Mean + SD 491+ 1074 52.8 +125.1 46.2+91.9
Median (IQR) 21.1(9.0-59.1) 26.5(7.9-52.6) 18.1(9.1-59.7)
>18.22 pg/ml 77 (53.8%) 37 (58.7 %) 40 (50.0 %)
< 18.22 pg/ml 66 (46.2 %) 26 (413 %) 40(50.0 %)

Abbreviations: AFP, Alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CPS,
Child-Pugh class; ECOG, Eastern Cooperative Oncology Group; IL-6, interleukin-6;
IQR, interquartile range; MASLD, Metabolic dysfunction—associated steatotic liver
disease; SD, standard deviation.

# Multiple risk factors were possible.

3.3. Serum IL-6, but not serum IL-10, is associated with overall survival
in the validation cohorts of atezo/bev-treated HCC patients

We next aimed to verify our findings observed in the discovery
cohort from the University Medical Center Hamburg-Eppendorf in
additional independent cohorts for validation of our results. To this
end, we determined an optimal cut-off value as the point with the
most significant (log-rank test) split as described previously [26].
Accordingly, the calculated cut-off value was 18.22 pg/ml for IL-6 and
1.198 pg/ml for IL-10. Based on these values, the discovery cohort
was now categorized into an IL-6 high (n = 37) and an IL-6 low group
(n = 26) and into an IL-10 high (n = 33) and an IL-10 low (n = 31)
group. As expected, when using optimized cut-off values, the differ-
ences in OS were more pronounced for both IL-10 (HR 2.9,95 % CI 1.4
—6.2, p = 0.006, Fig. 2a) and IL-6 (HR 2.6, 95 % CI 1.2-5.6, p = 0.013,
Fig. 2b) in the discovery cohort.
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Fig. 1. Baseline cytokine measurement and biomarker screening for overall survival. IL-10 (a), IL-6 (b), IL-2 (c), IFN-y (d), and TNF-« (e) were measured at baseline in the discovery
and validation cohort. Overall survival (0S) is displayed as Kaplan—Meier curves according to median cytokine levels (above vs. below median). The p-value was calculated using

the log-rank (Mantel-Cox) test. Abbreviations: HR, hazard ratio; Cl, confidence interval.

These determined cut-off values for IL-6 and IL-10 were now used
to categorize the validation cohort, which consisted of 80 patients
from two centers (38 from the Vienna center, 42 from the Munich
center) treated with atezo/bev for HCC. Interestingly, in contrast to
our discovery cohort, we observed no difference in OS for IL-10 levels
in the validation cohort (HR 1.3, 95 % CI 0.7-2.3, p = 0.462, Fig. 2c).
High levels of IL-6 (> 18.22 pg/ml, n = 40) were again associated with
reduced OS compared to low IL-6 levels (< 18.22 pg/ml, n = 40), con-
firming the results from our discovery cohort (HR 2.4, 95 % CI 1.3
—4.4, p = 0.005, Fig. 2d). Of note, the cut-off value for IL-6 identified
in our cohort (18.22 pg/ml) is very close to the previously reported
cut-off values of serum IL-6, which correlate with survival in pub-
lished Asian cohorts. In those studies, the cut-off values identified
were 18.49 pg/mL and 19.82 pg/ml 2! 22,

3.4. Serum IL-6 levels are associated with progression-free survival in
atezo/bev-treated HCC patients

We next analyzed the PFS in the discovery and validation cohorts
using the 18.22 pg/ml cut-off value for IL-6. No statistically significant
differences were found for PFS in a separate analysis of discovery (HR

1.8, 95 % C1 0.9-3.4, p = 0.075, Fig. 3a) and validation cohort (HR 1.5,
95 % C10.9-2.6, p = 0.125, Fig. 3b), but pooled analysis of both cohorts
demonstrated significantly improved PFS in patients with low serum
IL-6 levels (HR 1.5, 95 % CI 1.0-2.3, p = 0.047, Fig. 3c). For further
analysis, the entire cohort (discovery and validation cohorts joined)
was divided into an IL-6 high and an IL-6 low group. The patient char-
acteristics of these subgroups are presented in Table 2. While demo-
graphic parameters (gender, age), BCLC stage, AFP levels, and
cirrhosis were equally distributed in both groups, HCC etiology was
significantly different, with viral HCC being more present in IL-6 high
patients (Table 2). Elevated IL-6 levels were associated with impaired
liver function, as indicated by higher ALBI grades (p = 0.019). The
ORR was 24.1 % in the IL-6 high group versus 32.1 % in the IL-6 low
group, while the DCR was 58.5 % in the IL-6 high group versus 67.9 %
in the IL-6 low group.

3.5. Serum IL-6 is associated with survival in atezo/bev-treated HCC
patients without viral hepatitis

The joined analysis of both cohorts again showed a clear associa-
tion between low levels of IL-6 (< 18.22 pg/ml) and improved OS (HR
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Fig. 2. Validation of potential biomarkers for overall survival. The optimal cut-off values for IL-10 (1.198 pg/ml) and IL-6 (18.22 pg/ml) were calculated and patients categorized into
high and low groups. Overall survival (0S) is displayed as Kaplan—Meier curves for IL-10 (a) and IL-6 (b) in the discovery and for IL-10 (c) and IL-6 (d) the validation cohort. The p-
value was calculated using the log-rank (Mantel-Cox) test. Abbreviations: HR, hazard ratio; CI, confidence interval.

2.3,95 % C1 1.5-3.7, p = 0.0004, Supp. Figure 1a). Harrell's C-index for
continuous IL-6 levels was 0.6470 (95 % CI 0.5858 — 0.7081). The HR
of IL-6 per unit of increase was 1.003 (95 % CI 1.001 — 1.004;
p=0.0017).

Since viral etiology was significantly less common in the IL-6 low
group, a subgroup analysis was conducted on patients without viral
involvement to determine whether IL-6 levels are prognostic for OS
in patients with non-viral HCC (Supp. Figure 1b). In this subgroup,

patients with IL-6 levels above 18.22 pg/ml also demonstrated poorer
OS (HR2.0,95%CI 1.1-3.6, p = 0.015).

Furthermore, a subgroup analysis was performed, excluding all
patients with BCLC stage D (Supp. Figure 1c¢), since current European
guidelines do not recommend systemic anti-tumor therapy in these
patients. Also in this subgroup analysis, patients with high IL-6 serum
levels continue to exhibit reduced OS (HR 2.2, 95 % CI 1.3-3.6,
p=0.0017).
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Fig. 3. Analysis of progression-free survival according to IL-6 Levels. Patients were categorized into two groups, IL-6 high and IL-6 low, using a cut-off value of 18.22 pg/ml for base-
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Table 2
Subgroup analysis of HCC patients with low or high IL-6 levels.
Baseline characteristics = Low High p-value
(n=66) (n=77)

Gender ( %)
Male 52(78.8%) 69 (89.6 %) 0.103
Female 14 (21.2 %) 8(10.4%)

Age
Mean + SD 67.6 £10.4 66.7 + 8.7 0479

Liver cirrhosis ( %)
Yes 51(77.3 %) 59 (76.6 %) 0.999
No 15(22.7 %) 18(23.4%)

ALBI grade
Not available 1(2.0%) 0(0.0%) 0.019°
I 28 (60.7 %) 18(49.0 %)
Il 31(353%) 49 (54.9 %)
11 6(19.6 %) 10(11.8%)

Viral etiology of disease ( %)
Viral 12(18.2%) 26(33.8%) 0.039
Non-viral 54(81.8%) 51(66.2 %)

BCLC ( %)
B 17 (25.8%) 16 (20.8 %) 0.552**
C 48 (72.7 %) 54(70.1%)
D 1(1.5%) 7(9.1%)
ORR 17 (32.1%) 14 (24.1%) 0.406
DCR 36(67.9%) 34(58.5%) 0.332

AFP ( %)
<400 ng/ml 21(31.8%) 27 (35.1%) 0.723
> 400 ng/ml 43 (65.2 %) 48 (62.3 %)
Not available 2(3.0%) 2(2.6%)

Serum IL-6 levels
Mean + SD 89+47 83.5+137.6 <0.0001
Median (IQR) 8.7(48-13.1) 52.6(29.1-88.3)

Abbreviations: AFP, Alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; DCR,
Disease control rate, IL-6, interleukin-6; IQR, interquartile range; HCC, hepatocel-
lular carcinoma; ORR, objective response rate; SD, standard deviation.

* Fisher’s exact test was performed for ALBI grade [ vs ALBI grade I or IIL.

** Fisher’s exact test was performed for BCLC stage B vs. BCLC stage C or D.

3.6. Serum IL-6 is an independent prognostic marker in a multivariate
analysis of overall survival

The effects of IL-6 serum levels, tumor characteristics, and patient
characteristics on OS were examined using univariate Cox regression
analysis (Table 3, Supp. Table 1). This was followed by a multivariate
analysis of all variables that were judged as clinically relevant accord-
ing to available literature. In our cohort, BCLC stage, AFP, and ECOG
performance status did not predict OS. ALBI grade and IL-6 levels
reached statistical significance as predictors of OS in the univariate
analysis. In the multivariate analysis, both IL-6 status (HR 1.9, 95 % CI
1.1-33, p = 0.013) and ALBI grade (HR 3.1, 95 % CI 1.8-6.0,
p < 0.0001) persisted to represent independent predictors of OS,
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while AFP emerged as a predictor of survival after adjustment in the
multivariate analysis (HR 1.8, 95 % CI 1.1-3.0, p = 0.023). Additionally
univariate and multivariate Cox regression analysis was performed
for PFS as a secondary endpoint (Supp. Table 2).

4. Discussion

In this multicenter study, we comprehensively addressed the role
of systemic IL-6 levels in advanced HCC patients receiving atezo/bev
in a large Western real-world biomarker study. Using a discovery and
a validation cohort comprising 143 patients from three European ref-
erence centers and systemic measurements of five different cyto-
kines, we could demonstrate that high serum IL-6 levels were
significantly associated with poor OS in this Western patient cohort.
Additionally, we could determine an optimized IL-6 cut-off value of
18.22 pg/ml, which closely aligns with the values identified in two
large East Asian studies, which reported cut-off points of 18.49 pg/ml
and 19.82 pg/ml respectively [21,22]. Interestingly, a large multicen-
ter study from Korea recently identified IL-2, [L-12, C-reactive protein
(CRP), and the neutrophil-to-lymphocyte ratio, but not IL-6, as prog-
nostic biomarkers in HCC patients treated with atezolizumab/bevaci-
zumab. This highlights the need for further studies to clarify the
validity of IL-6 as a prognostic biomarker in this setting [27]. Further-
more, the fact that high serum IL-10 was associated with clinical out-
comes in the discovery, but not the validation cohort, highlights the
importance of using validation cohorts in similar studies to avoid
false positive results. Early increases in serum levels of IL-10 and
TNF-« following treatment have recently been identified as potential
prognostic markers for survival in a small prospective Korean study
[28]. Additionally, a recent Japanese multicenter analysis found that
IL-6 levels at the start of the second course of atezolizumab/bevacizu-
mab therapy may serve as a prognostic biomarker for overall survival
[29]. Further studies are needed to evaluate the dynamic changes in
cytokine levels during treatment with immune checkpoint inhibitor
regimens.

Altogether, the identification of serum IL-6 as a strong biomarker
of OS in Western HCC patients through this unbiased approach
underscores the biological relevance of IL-6 in this entity, thus pro-
viding a rationale to use serum IL-6 levels as a prognostic biomarker
for Western HCC patients undergoing systemic therapy with atezo/
bev.

The objective of this study was to evaluate serum cytokine levels
as potential prognostic biomarkers for patient outcomes with
advanced unresectable HCC undergoing ICI therapy in a Western
cohort. While IL-6 has already been established as a prognostic and
predictive biomarker for patients in East Asian patient cohorts, hepa-
titis B infection was detected in over 70 % of patients in these cohorts
[20—22]. Previous studies have demonstrated that chronic hepatitis B

Table 3

Cox proportional hazards regression of discovery and validation cohort for overall survival.
Variable Univariate HR  p-value Multivariate HR  p-value

(95 % CI) (95 % CI)
Gender Female vs. Male 1.0(0.5-2.0) 0.986
Age Years 1.0(1.0-1.0) 0.730
Liver cirrhosis Present vs.absent  1.1(0.7 — 1.9) 0.739
ALBI Grade Lvs. llorIIl 3.1(1.8-5.8) <0.0001 3.1(1.8-6.0) <0.0001
Viral etiology Present vs.absent 1.2 (0.7 — 2.0) 0.430 1.2(0.7-2.0) 0.506
BCLC(Bvs.C/D) CorDvs.B 1.1(0.6 - 1.9) 0.858 1.1(0.6 —2.1) 0.760
ECOG (0vs 1/2) lor2vs.0 1.2(0.8-1.9) 0.423 1.1(0.6 - 1.8) 0.850
AFP > 400 ng/ml 1.5(0.9 —2.4) 0.088 1.8(1.1-3.0) 0.023
vs. < 400 ng/ml

IL-6 >18.22 pg/ml 23(1.5-3.9) 0.0004 19(1.1-33) 0.013

vs. < 18.22 pg/ml

The following variables were included in the multivariate model: ALBI, viral etiology, BCLC, ECOG, AFP, and
IL-6. Abbreviations: AFP, Alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Coopera-

tive Oncology Group.
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infection is associated with elevated serum IL-6 [30]. Thus, the trans-
ferability of these results to a Western cohort in which hepatitis B
plays a less pronounced role has not yet been established. While East
Asian studies demonstrated a role for serum IL-6 in predicting treat-
ment response, our cohorts showed only a moderately improved PFS
in a combined analysis of all patients, whereas the differences
between the IL-6 high and IL-6 low groups in ORR of 24.1 % versus
32.1 %, and DCR of 58.5 % versus 67.9 % were not statistically signifi-
cant. Of note, the baseline characteristics of this real-world Western
cohort indicated significantly worse liver function and OS of the total
cohort compared to a previously published Korean cohort [22]. Poor
liver function prior to treatment initiation may mask effects on treat-
ment response in our cohort compared to healthier pre-selected
patients.

Serum IL-6 levels are influenced by a range of factors, including
tumor burden, tumor biology, cirrhosis stage, unfavorable patient
characteristics such as sarcopenia, and the underlying etiology of
liver disease [16—19,31]. An analysis of the baseline characteristics of
the IL-6 low and IL-6 high groups revealed more cases of chronic viral
hepatitis and higher ALBI grade in the IL-6 high cohort. To exclude
the possibility that these potential confounder variables could
explain the differences in OS, a univariate Cox regression analysis of
known factors influencing the OS of HCC patients was first per-
formed. In the univariate analysis, ALBI and IL-6 status were found to
be significant predictors of OS. In a multivariate analysis of these two
parameters, both parameters remained significant. We conclude that
IL-6 level is a prognostic parameter for OS, independent of other
known risk stratifications.

Elevated IL-6 or CRP levels have been identified as unfavorable
prognostic markers in various types of tumors [32—-35]. Given
that IL-6 induces the production of acute phase proteins such as
CRP in the liver, serum IL-6 levels are closely correlated with CRP
levels [16]. Notably, a Chinese study confirmed this correlation in
HCC patients treated with atezo/bev [21]. Previous studies have
demonstrated that the CRAFITY score, derived from AFP and CRP
levels, can serve as a predictive marker for treatment response in
HCC [36]. The multitude of potential factors influencing serum IL-
6 levels complicates the differentiation between predictive and
prognostic properties of IL-6. However, compelling studies in
rodent models have demonstrated that excessive IL-6 shifts the
anti-tumor immune response from a favorable Thl-driven anti-
tumor response to an unfavorable Th17-driven response, leading
to irAE. Conversely, IL-6 blockade restored the immune response
to an IL-12-mediated Th1 anti-tumor response [15]. These prom-
ising preclinical findings prompted the initiation of a Phase 1/2
clinical trial (NCT04524871) to evaluate the combination therapy
of atezo/bev in patients with HCC, augmented by the addition of
the anti-IL-6 receptor antibody, tocilizumab.

The study design has inherent limitations and strengths that
should be acknowledged while interpreting the results. The use of
patients from a real-world setting strengthens the applicability of
the results to clinical practice. The study confirms previous East
Asian studies for the first time in a large cohort in which hepatitis B
infection only plays a minor role. The multicenter design using a dis-
covery and validation cohort underlines the robustness of IL-6 as a
prognostic marker. Due to the pleiotropic function of IL-6 and a
myriad of factors influencing serum IL-6 levels, it remains challeng-
ing to reliably determine the source of IL-6 in blood. Thus, differen-
tiating the treatment-related properties of serum IL-6 levels in HCC
patients remains challenging due to the influence of various factors
related to both the tumor and underlying liver disease. However,
our cohort reflects real-world clinical practice, highlighting the clin-
ical significance of serum IL-6 irrespective of its potential source.
Finally, informed consent for blood testing was obtained from each
patient prior to serum analysis, potentially introducing inclusion
bias.
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5. Conclusions

This study validated serum IL-6 levels as a potent prognostic bio-
marker for patients with unresectable hepatocellular carcinoma
undergoing systemic treatment with atezolizumab and bevacizumab.
IL-6 serum levels were able to predict OS and PFS in a multi-center
Western HCC cohort with a multitude of underlying etiologies, thus
providing a reliable parameter in clinical practice to predict patient
prognosis and to facilitate clinical decision making in Western HCC
cohorts.
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