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Abstract

Background & Aims: Relationships of serum C-C motif chemokine ligand 5
(CCL5) and C-X-C motif chemokine ligand 10 (CXCL10) levels with hot immune
features have been reported in patients with hepatocellular carcinoma (HCC).
Therefore, we examined the utility of their levels for predicting the efficacy of
atezolizumab plus bevacizumab (Atez/Bev) in patients with HCC.

Design: In total, 98 patients with HCC treated with Atez/Bev were enrolled, and
their initial responses were evaluated at least once via dynamic computed tomog-
raphy or magnetic resonance imaging. Serum CCL5 and CXCL10 levels were as-
sessed by enzyme-linked immunosorbent assay before treatment and at the start
of the second course of Atez/Bev therapy, and their relationships with treatment
efficacy were determined.

Results: No analyzed factor was associated with the initial therapeutic response.
Among the 56 patients with Barcelona Clinic Liver Cancer (BCLC) stage C, serum
CXCLI10 levels at the beginning of course two (CXCL10-2c) tended to be higher in
responders than in non-responders in the initial evaluation, and its optimal cutoff
level of 690 pg/mL could be used to stratify patients regarding overall survival
(OS; high vs. low: not reached vs. 17.6 months, p=0.034) and progression-free
survival (high vs. low: 13.6 vs. 5.1 months, p=0.014). In multivariate analysis,
high CXCL10 levels and neutrophil-to-lymphocyte ratios at the start of course
two and Child-Pugh stage A at baseline were independent predictive factors of
improved OS.
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Conclusions: Serum CXCL10-2c levels were predictive of Atez/Bev efficacy in

atezolizumab, bevacizumab, C-X-C motif chemokine ligand 10, cytokine, hepatocellular
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer globally." Patients with HCC have poor prog-
noses because of concomitant chronic liver disease, late
diagnoses, and frequent recurrence or progression after
treatment.>* To date, a number of systemic chemother-
apeutic regimens have been developed for unresectable
HCC.*® The combination of the immune checkpoint
inhibitor (ICI) atezolizumab and the anti-vascular endo-
thelial growth factor drug bevacizumab (Atez/Bev) was
authorized in 2020 as a first-line treatment for HCC.’ In
the IMbravel50 trial, Atez/Bev therapy displayed greater
efficacy than sorafenib in patients with unresectable
HCC.>Y However, prognostic biomarkers have not been
fully established for patients treated with Atez/Bev for un-
resectable HCC.

Although ICIs have been approved for use in various
cancers, their response rates are low in several cancers
including breast cancer, prostate cancer, and HCC.MH 3
In prior research, a T cell-inflamed tumor microenvi-
ronment (TME) was linked to better responses to ICIs,
whereas immune-excluded tumors were prone to ICI
resistance.* HCC with a T cell-inflamed TME com-
prises approximately 35% of all cases, and the profile of
the inflamed class of HCC includes higher expression of
C-C motif chemokine ligand 5 (CCL5), CCL4, and other
cytokines involved in lymphocyte chemotaxis, such as
C-X-C motif chemokine ligand 9 (CXCL9), CXCL10,
and CXCL11." Interestingly, a previous study detected
elevated plasma CXCL9 and CXCL10 levels in mice
that responded to ICI therapy, and similar results were
recorded in patients with melanoma.'® In addition,
Hosoda et al. revealed that low serum CXCL9 levels at
baseline predicted early disease progression in patients
treated with Atez/Bev for unresectable HCC.'” These
results suggest that the plasma levels of CXCR3 ligands,
such as CXCL9 and CXCL10, could be early biomark-
ers of ICI responsiveness. Furthermore, recent studies
identified an association of high circulating interleu-
kin-6 levels with poor clinical outcomes and impaired
T-cell function in patients treated with Atez/Bev for un-
resectable HCC.'*"?

In this background, we hypothesized that the levels
of cytokines/chemokines related to the inflamed class of
HCC could be altered by therapy and that they better re-
flect the immunological status of patients, highlighting
their potential utility as predictors of ICI effectiveness.
Among various cytokines and chemokines, serum CCL5
and CXCL10 have been linked to hot immune features,
and patients with advanced HCC and high CCL5 and
CXCL10 levels could experience greater benefit from
ICI therapy." Therefore, we retrospectively investigated
whether serum CCL5 and CXCL10 levels could predict
Atez/Bev efficacy in patients with advanced HCC."

2 | METHODS

2.1 | Patients and study design

This multicenter, retrospective, observational study in-
cluded 98 patients with HCC. All patients received Atez/
Bev therapy irrespective of the line of systemic chemo-
therapy, and their initial responses were evaluated by
dynamic computed tomography (CT) or magnetic reso-
nance imaging (MRI) at least once between October 2020
and January 2023 at seven Japanese institutions (Nagoya
City University Hospital [n=20], Gifu Prefectural Tajimi
Hospital [n=8], Toyokawa City Hospital [n=6], Kasugai
Municipal Hospital [n=5], Nagoya City University
West Medical Center [n=5], Japanese Red Cross Aichi
Medical Center Nagoya Daini Hospital [n =2], Kumamoto
University Hospital [n=52]). Serum samples were ob-
tained at baseline and the beginning of the second course
of Atez/Bev therapy and stored at —80°C.

2.2 | Diagnosis and treatment of HCC

HCC was diagnosed on the basis of increases in a-
fetoprotein levels and the results of dynamic CT, MRI,
and/or pathology. Patients positive for hepatitis B virus
(HBV) surface antigen or hepatitis C virus (HCV) antibody
and those with a history of alcohol abuse (=60 g/day) were
considered to have HCC attributable to HBV, HCV, and
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alcohol, respectively. The Barcelona Clinic Liver Cancer
(BCLC) criteria were used for HCC staging.”

The treatment regimen consisted of 1200 mg of atezoli-
zumab and 15mg/kg body weight bevacizumab every
3weeks.” Atez/Bev therapy was discontinued following
unacceptable or serious adverse events or clinical tumor
progression. In certain BCLC stage A patients, Atez/Bev
therapy was initiated when cardiopulmonary function
prevented hepatic resection, percutaneous ablation ther-
apy was difficult because of intrahepatic vascular effects or
organs near the liver, or transarterial chemoembolization
(TACE) was difficult in patients allergic to iodinated con-
trast agent or those with an HCC type unsuitable for TACE.

2.3 | Laboratory tests and evaluation of
liver function

Hematologic and blood chemistry tests were performed
using standard assays. The neutrophil-to-lymphocyte
ratio (NLR) was calculated using the absolute neutrophil
and lymphocyte counts in peripheral blood. We assessed
liver function using the Child-Pugh classification system
and albumin-bilirubin (ALBI) score, which was calcu-
lated using serum albumin and total bilirubin levels based
on the following formula: ALBI score=(logl0 bilirubin
[nmol/L] X 0.66) + (albumin [g/L] x —0.085).*

2.4 | Ethical standards

Each patient provided written informed consent prior
to enrollment. The study protocol was approved by the
Institutional Review Boards of Nagoya City University (ac-
ceptance number: 60-21-0065) and Kumamoto University
(acceptance number: 2265) and implemented according to
the Declaration of Helsinki.

2.5 | Chemokine assays

Serum CCL5 and CXCL10 levels were measured using
commercial enzyme-linked immunosorbent assay kits per
the manufacturer's protocol (R&D Systems, Minneapolis,
MN, USA).

2.6 | Assessment of responses to therapy
Therapeutic response was determined using the
Response Evaluation Criteria in Solid Tumors (RECIST)
ver. 1.1.>* Therapeutic response was initially assessed
using dynamic CT or Gd-EOB-DTPA-MRI (EOB-MRI)
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approximately 6-9weeks after treatment initiation and
repeated every 6-9weeks in treatment responders. The
objective response rate (ORR) was defined as the sum of
the complete response (CR) and partial response (PR)
rates, and the disease control rate (DCR) was defined
as the sum of the CR, PR, and stable disease (SD) rates.
Progression-free survival (PFS) was defined as the time
from the start of Atez/Bev therapy to the date of docu-
mented progression per RECIST v. 1.1 or death from any
cause. If the patient received another systemic chemo-
therapy or he/she was lost to follow-up before progres-
sive disease (PD) was documented, PFS was censored at
the date of the last observation. Overall survival (OS) was
calculated as the time from the start of Atez/Bev therapy
to death or the last follow-up.

2.7 | Statistical analysis

Categorical variables were compared between the groups
using Fisher's exact test, and non-categorical variables were
analyzed using the Mann-Whitney U-test. Receiver oper-
ating characteristic (ROC) curve analysis was conducted,
and the area under the curve (AUC) was calculated to
identify the optimal serum CXCL10 levels for discriminat-
ing responders (CR+PR) and non-responders (SD+ PD)
using the Youden index (Youden index=sensitivity +
specificity — 1; range=0-1). Cumulative OS and PFS were
analyzed using the Kaplan-Meier method, and differences
were assessed using the log-rank test. Multivariate analysis
was performed using the stepwise Cox proportional haz-
ard model to identify factors associated with PFS and OS.
Correlation coefficients were calculated using Pearson's
correlation test. All reported p-values were two-sided, and
p<0.05 denoted significance. Statistical analysis was per-
formed using EZR (Easy R, Saitama Medical Center, Jichi
Medical University, Saitama, Japan), a modified version of
R commander (version 1.61).%

3 | RESULTS

3.1 | Patient characteristics

Aspresented in Table 1, the cohort included 78 men (80%)
and 20 women (20%) with a median age of 73 years. The
BCLC stage was A, B, and Cin 6 (6%), 36 (37%), and 56 pa-
tients (57%), respectively. Meanwhile, 72 (73%), 19 (19%),
4 (4%), 2 (2%), and 1 (1%) patient received first-, second-
, third-, fourth-, and sixth-line systemic chemotherapy,
respectively. The median ALBI score was —2.35. The de-
tails of the regimens provided before and after Atez/Bev
therapy are presented in Figure S1. The median baseline
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TABLE 1 Clinical characteristics of the study patients.

Neutrophils, pL
Lymphocytes, pL
NLR

Hb, g/dL

PLTs, x 10*/uL

PT, %

AST, U/L

ALT, U/L

Alb, g/dL

T.Bil, mg/dL

AFP, ng/mL
PIVKA-II, mAU/mL
ALBI score

mALBI grade, 1/2a/2b/3

Child-Pugh score, 5/6/7/8

BCLC stage, A/B/C

MVI, yes/no

Extrahepatic metastasis, yes/no
CXCL10, pg/mL

CCLS5, pg/mL

Start of the second course

Neutrophils, pL
Lymphocytes, pL
NLR

CXCL10, pg/mL
CCLS5, pg/mL

Characteristics n=98
Baseline
Age, years 73 (66-78)
Gender, male/female 78 (80%)/20 (20%)
BMI, kg/m?* 23.4(20.8-26.8)
ECOG PS, 0/1 91 (93%)/7 (7%)
Etiology, HBV/HCV/alcohol/ 18 (18%)/25 (26%)/16
others (16%)/39 (40%)
Treatment line, 72 (73%)/19 (19%)/4
1st/2nd/3rd/4th/6th (4%)/2 2%)/1 (1%)
WBCs, pL 5000 (3800-6300)

3170 (2092-4000)
1234 (896-1530)
2.56 (1.61-3.84)
12.7 (11.5-14.2)
15.2(11.1-19.2)
98.1 (87.1-106.8)
39 (27-51)

27 (19-39)

3.7 (3.4-4.0)

0.8 (0.6-1.2)

15.8 (4.9-310.9)
248.0 (49.0-1732.5)
—2.35(=2.65 to —2.09)

29 (30%)/31 (32%)/36
(37%)/2 (2%)

49 (50%)/35 (36%)/12
(12%)/2 (2%)

6 (6%)/36 (37%)/56 (57%)
26 (27%)/72 (73%)

45 (46%)/53 (54%)

217.5 (163.5-330.8)
20,250 (14,350-28,300)

2862 (1979-3938)

1200 (864-1.698)

2.51 (1.54-3.79)

357.0 (232.5-699.0)
27,950 (15,400-37,125)

Note: Data from all patients are expressed as numbers for categorical data
and medians (first-third quartiles) for non-categorical data.

Abbreviations: AFP, a-fetoprotein; Alb, albumin; ALBI score, albumin-
bilirubin score; ALT, alanine transaminase; AST, aspartate transaminase;
BCLC, Barcelona Clinic Liver Cancer; BMI, body mass index; CCL5, C-C
motif chemokine ligand 5; CXCL10, C-X-C motif chemokine ligand 10; ECOG
PS, ECOG performance status; Hb, hemoglobin; HBV, hepatitis B virus; HCV,
hepatitis C virus; mALBI grade, modified albumin-bilirubin grade; MVI,
major vascular invasion; NLR, neutrophil-to-lymphocyte ratio; PIVKA-II,
protein induced by vitamin K absence or antagonist-II; PLTs, platelets; PT,
prothrombin time; T.Bil, total bilirubin; WBCs, white blood cells.

serum CXCL10 level (CXCL10-pre) was lower than that
at the start of the second course (CXCL10-2c; 217.5pg/
mL vs. 357.0pg/mL). Similarly, the median baseline
serum CCLS5 level (CCL5-pre) was lower than that at the
start of the second course (CCL5-2c; (20,250 pg/mL vs.
27,950 pg/mL). CXCL10-pre, CXCL10-2¢, CCL5-pre, and
CCL5-2c levels did not significantly differ by etiology
(viral vs. non-viral; Figures S2 and S3) or treatment line
(Figures S4 and S5).

Of the 98 patients with HCC, 1 (1%), 21 (21%), 61 (62%),
and 15 (15%) had CR, PR, SD, and PD, respectively, in the
initial evaluation. Therefore, the ORR and DCR at the
initial evaluation were 22% and 85%, respectively. The
median follow-up period of this study was 13.1 months
(interquartile range: 7.6-18.6), and median PFS and OS
were 8.3 and 21.4 months, respectively (Figure S6).

3.2 | Patient characteristics stratified
by the initial therapeutic response

The characteristics of all patients stratified by the initial
therapeutic response are summarized in Table S1. No fac-
tors, including serum CXCL10-pre, CXCL10-2c, CCL5-
pre, and CCL5-2c levels, significantly differed between
responders and non-responders.

Next, we compared serum CCL5 and CXCL10 levels
by BCLC stage. CXCL10-pre levels did not differ between
BCLC stages A/B and BCLC stage C (192 pg/mL vs. 236 pg/
mL, p=0.278), whereas serum CXCL10-2c levels were nu-
merically higher in patients with BCLC stage C than in those
with BCLC stages A/B (308 pg/mL vs. 380pg/mL, p=0.143;
Figure S7). CCL5-pre levels did not differ between BCLC
stages A/B and BCLC stage C (19,950 pg/mL vs. 20,450 pg/
mL, p=0.331). Meanwhile, serum CCL5-2c levels were
higher in patients with BCLC stage C than in those with
BCLC stages A/B (21,650 pg/mL vs. 30,500 pg/mL, p=0.041;
Figure S8). Therefore, we focused our analyses on the as-
sociations of serum CXCL10-2c and CCL5-2c levels with
treatment efficacy in patients with BCLC stage C HCC. The
clinical characteristics of the 56 patients with BCLC stage C
HCC and their characteristics stratified by the initial thera-
peutic response are summarized in Table S2 and Table 2. As
presented in Table 2, no factors at baseline or at the start of
the second course, including serum CCL5-pre and CCL5-2c
levels, were associated with the initial therapeutic response
(Figure S9), but serum CXCL10-pre (288 pg/mL vs. 228 pg/
mL, p=0.091) and CXCL10-2c levels (CXCL10-2c: 747 pg/
mLvs. 354 pg/mL, p=0.103) were higher in responders than
in non-responders. Moreover, serum CXCL10 levels greatly
increased from baseline to the start of the second course in
responders compared with the findings in non-responders
(Figure 1).
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TABLE 2 Comparison of the characteristics of responders and non-responders at the initial evaluation among patients with Barcelona

Clinic Liver Cancer stage C hepatocellular carcinoma.

Characteristics CR+PR (n=11) SD + PD (n=45) p-value

Baseline
Age, years 78 (71-81) 71 (64-76) 0.137
Gender, male/female 9(82%)/2 (18%) 36 (80%)/9 (20%) 1.000
Etiology, viral/non-viral 4 (36%)/7 (64%) 20 (44%)/25 (56%) 0.741
Line of systemic chemotherapy, 1st/>2nd 8(73%)/3 (27%) 29 (64%)/16 (36%) 0.732
BMI, kg/m? 24.5(22.4-26.4) 22.8 (20.5-24.6) 0.201
WBCs, /puL 5400 (4900-6650) 5300 (4000-6800) 0.550
Neutrophils, /pL 3626 (3165-4356) 3300 (2305-4300) 0.439
Lymphocytes, /pL 1100 (728-1503) 1278 (806-1634) 0.599
NLR 3.18 (2.18-4.88) 2.61 (1.61-4.37) 0.515
PT, % 98.0 (89.4-105.1) 101.0 (87.0-108.9) 0.773
AST, U/L 39 (35-55) 40 (27-51) 0.522
ALT, U/L 25 (18-42) 27 (18-37) 0.828
Alb, g/dL 3.7(3.3-3.9) 3.5 (3.4-3.9) 0.942
T.Bil, mg/dL 0.8 (0.7-1.0) 0.8 (0.7-1.2) 0.664
AFP, ng/mL 833.3(13.0-3029.4) 18.4 (4.7-2280.0) 0.205
PIVKA-II, mAU/mL 218 (30-8397) 923 (60-5653) 0.536
ALBI score —2.28 (=2.57 to—2.09) —2.34 (=2.56 to—2.09) 0.877

mALBI grade, 1/2a/2b/3
Child-Pugh score: 5/6/7/8
Extrahepatic metastasis, yes/no
CXCL10, pg/mL

CCLS5, pg/mL

Start of the second course

8 (73%)/3 (27%)

Neutrophils, /pL
Lymphocytes, /pL
NLR 1.79 (1.37-3.16)
CXCL10, pg/mL
CCLS5, pg/mL

3.(27%)/3 (27%)/5 (45%)/0 (0%)
6 (55%)/4 (36%)/1 (9%)/0 (0%)

288.0 (232.5-603.0)
16,500 (15,050-27,100)

3154 (2598-3591)
1580 (1161-1978)

747.0 (366.0-997.5)
27,900 (20,550-36,350)

11 (24%)/13 (29%)/20 (44%)/1 2%) ~ 1.000
20 (44%)/16 (36%)/8 (18%)/1 (2%) 0.923

37 (82%)/8 (18%) 0.673
228.0 (171.0-324.0) 0.091
21,900 (13,900-34,900) 0.503
3226 (2147-4666) 0.636
1121 (695-1663) 0.185
2.88 (1.95-4.65) 0.158
345.0 (252.0-669.0) 0.103
31,700 (19,300-45,600) 0.726

Note: Data from all patients are expressed as numbers for categorical data and medians (first-third quartiles) for non-categorical data. Categorical variables
were compared between the groups using Fisher's exact test, and non-categorical variables were compared using the Mann-Whitney U-test.

Abbreviations: AFP, a-fetoprotein; Alb, albumin; ALBI score, albumin-bilirubin score; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body
mass index; CCL5, C-C motif chemokine ligand 5; CR, complete response; CXCL10, C-X-C motif chemokine ligand 10; mALBI grade, modified albumin-
bilirubin grade; NLR, neutrophil-to-lymphocyte ratio; PD, progressive disease; PIVKA-II, protein induced by vitamin K absence or antagonist-II; PR, partial
response; PT, prothrombin time; SD, stable disease; T.Bil, total bilirubin; WBCs, white blood cells.

*p<0.05. **p <0.005.

3.3 | Appropriate serum CXCL10 for
predicting therapeutic response in patients
with BCLC stage C HCC

ROC curve analyses were performed to discriminate re-
sponders from non-responders at the time of the initial
therapeutic response evaluation, and the diagnostic utility
of serum CXCL10-pre and CXCL10-2c levels were com-
pared. The AUCs of serum CXCL10-pre and CXCL10-2c
levels were 0.667 and 0.661, respectively (Figure S10),

and their optimal cutoffs were 231 (positive predictive
value [PPV]=29%, negative predictive value [NPV]=92%,
sensitivity=0.511, specificity=0.818) and 690pg/mL
(PPV=39%, NPV=89%, sensitivity=0.756, specific-
ity=0.636), respectively. When we categorized the pa-
tients with BCLC stage C HCC into two groups based
on serum CXCL10-2c levels, the CXCL10-2c high group
(2690 pg/mL) included a higher proportion of initial re-
sponders than the CXCL10-2c low group (<690pg/mL,
p=0.027; Table 3).
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FIGURE 1 Changes of serum CXCL10 levels from baseline to the start of the second course stratified by the initial therapeutic response
in patients with BCLC stage C HCC. Changes of serum CXCL10 levels in responders (CR + PR, n=11) and non-responders (SD + PD,

n=45) from baseline to the start of the second course of Atez/Bev therapy. The dotted lines represent the median serum CXCL10 level of
responders with BCLC stage C HCC, whereas solid lines represent the median serum CXCL10 levels of non-responders with BCLC stage C
HCC. The horizontal lines represent the interquartile range of the data. p-values were calculated using the Mann-Whitney U-test. Atez/Bev,
atezolizumab plus bevacizumab; BCLC, Barcelona Clinic Liver Cancer; CR, complete response; CXCL10, C-X-C motif chemokine ligand 10;
HCC, hepatocellular carcinoma; PD, progressive disease; PR, partial response; SD, stable disease.

3.4 | Correlations of serum CCL5 and
CXCL10 levels with clinical parameters

The correlations of serum CCL5 and CXCL10 levels with
various clinical parameters were examined in the entire
cohort. As presented in Table S3, serum CCL5-pre lev-
els were significantly correlated with white blood cells
(r=0.368, p<0.001) and neutrophil counts (r=0.415,
p<0.001), NLR (r=0.317, p<0.001), and a-fetoprotein
(r=0.328, p<0.001) and protein induced by vitamin
K absence or antagonist-II levels at baseline (r=0.500,
p<0.001). Meanwhile, serum CCL5-2c levels were sig-
nificantly correlated with white blood cells (r=0.346,
p <0.001), neutrophil (r=0.310, p=0.002), and lympho-
cyte counts (r=0.254, p=0.013). Serum CXCL10-pre
levels were negatively correlated with the lymphocyte
count (r=-0.203, p=0.045) and positively correlated
with baseline NLR (r=0.248, p=0.014), whereas serum
CXCL10-2c levels were not correlated with any param-
eters (Table S4).

3.5 | OS and PFS stratified by

serum CXCL10 levels at baseline and

at the start of the second course of Atez/
Bev therapy in patients with BCLC stage
CHCC

Figure S11 presents the OS and PFS curves of patients
with BCLC stage C HCC stratified by the serum CXCL10-
pre (231pg/mL) and CXCL10-2c cutoffs (690 pg/
mL). Serum CXCL10-pre levels were not predictive of

median OS (>231pg/mL vs. <231 pg/mL: 20.3 months
vs. 20.6months, p=0.550) or PFS (9.1 months vs.
6.1 months, p=0.613). However, serum CXCL10-2c
levels were predictive of median OS (2690 pg/mL vs.
<690 pg/mL, not reached vs. 17.6 months, p=0.034) and
PFS (13.6months vs. 5.1 months, p=0.014; Figure 2).
Of the 56 patients with BCLC stage C, 45 had distant
metastasis, and serum CXCL10-2c levels tended to
predict median OS (2690 pg/mL vs. <690 pg/mL, 21.4
vs. 17.6months, p=0.130) and PFS (13.6 months vs.
5.1 months, p=0.059; Figure S12).

3.6 | Factors associated with PFS and OS
To identify the factors influencing PFS and OS, we con-
ducted univariate and multivariate analyses. Cutoffs for
parameters other than serum CXCL10 levels were re-
ported previously.”* Univariate analysis revealed that
only serum CXCL10-2c levels were significantly associ-
ated with PFS (2690 pg/mL vs. <690 pg/mL, hazard ratio
[HR]=0.39 p=0.017; Table S5). Concerning OS, univari-
ate analyses illustrated that NLR, the Child-Pugh score at
baseline, and NLR and serum CXCL10 levels at the start
of the second course were significantly associated with
OS. Considering confounding factors and the results of
univariate analysis, multivariate analysis was performed.
The Child-Pugh score at baseline (26 vs. 5, HR=2.73;
p=0.049), NLR at the start of the second course (>3 vs.
<3, HR=3.26; p=0.015), and serum CXCL10-2c levels
(2690 pg/mL vs. <690pg/mL, HR 0.23; p=0.009) were
significantly associated with OS (Table 4).
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TABLE 3 Comparison of the characteristics of patients with Barcelona Clinic Liver Cancer stage C hepatocellular carcinoma stratified

by serum CXCL10 levels at the start of the second course.

CXCL10-2c high (2690 pg/mL)

CXCL10-2c low (<690 pg/mL)

Characteristics (n=18) (n=38) p-value

Baseline
Age, years 75 (71-81) 71 (63-77) 0.114
Gender, male/female 14 (78%)/4 (22%) 31(82%)/7 (18%) 0.732
Etiology, viral/non-viral 7 (39%)/11 (61%) 17 (45%)/21 (55%) 0.777
Lines of systemic chemotherapy, 1st/>2nd 14 (78%)/4 (22%) 23 (61%)/15 (39%) 0.241
BMI, kg/m? 23.3(21.1-24.6) 22.8 (20.4-26.1) 0.965
WBCs, /puL 5500 (4475-6600) 5100 (4025-6875) 0.629
Neutrophils, /pL 3886 (2961-4609) 3120 (2358-4214) 0.330
Lymphocytes, /pL 1242 (701-1564) 1261 (824-1750) 0.505
NLR 3.40 (2.12-5.03) 2.54 (1.54-4.36) 0.342
PT, % 96.3 (87.0-106.6) 102.0 (93.6-110.5) 0.330
AST, U/L 50 (34-72) 38 (27-46) 0.082
ALT, U/L 32 (20-45) 25 (18-34) 0.240
Alb, g/dL 3.5(3.3-3.7) 3.7(3.4-3.9) 0.221
T.Bil, mg/dL 0.9 (0.7-1.0) 0.8 (0.6-1.2) 0.731
AFP, ng/mL 46.3 (5.4-5961.5) 52.6 (5.3-2425.4) 0.847
PIVKA-II, mAU/mL 2204 (71-11,314) 594 (55-2506) 0.494
ALBI score —2.27 (—2.40 to—1.94) —2.34(=2.61 to—2.12) 0.285
mALBI grade, 1/2a/2b/3 3 (17%)/6 (33%)/8 (44%)/1 (6%) 11 (29%)/17 (45%)/10 (26%)/0 (0%) 0.432
Child-Pugh score: 5/6/7/8 7 (39%)/6 (33%)/5 (28%)/0 (0%) 19 (50%)/14 (37%)/4 (11%)/1 (3%) 0.409
Extrahepatic metastasis, yes/no 15(83%)/3 (17%) 30 (79%)/8 (21%) 1.000
CXCL10, pg/mL 477.0 (261.0-741.8) 187.5(135.0-279.8) <0.001**
CCLS5, pg/mL 18,450 (14,475-33,075) 21,200 (14,400-33,000) 0.888
Initial treatment response: CR+PR/SD+PD 11 (61%)/7 (39%) 34 (89%)/4 (11%) 0.027*

Start of the second course
Neutrophils, /pL 3012 (2047-3687) 3312 (2496-4631) 0.240
Lymphocytes, /pL 1252 (735-1681) 1168 (738-1700) 0.837
NLR 2.40 (1.61-4.38) 2.82(1.83-4.46) 0.588
CXCL10, pg/mL 969.0 (816.0-1395.0) 276.0 (214.5-384.8) <0.001**
CCLS5, pg/mL 30,500 (17,675-35,250) 30,350 (19,325-44,125) 0.799

Note: Data from all patients are expressed as numbers for categorical data and medians (first-third quartiles) for non-categorical data. Categorical variables
were compared between the groups using Fisher's exact test, and non-categorical variables were compared using the Mann-Whitney U-test.

Abbreviations: AFP, a-fetoprotein; Alb, albumin; ALBI score, albumin-bilirubin score; ALT, alanine transaminase; AST, aspartate transaminase; BMI, body
mass index; CCL5, C-C motif chemokine ligand 5; CR, complete response; CXCL10, C-X-C motif chemokine ligand 10; mALBI grade, modified albumin-
bilirubin grade; NLR, neutrophil-to-lymphocyte ratio; PD, progressive disease; PIVKA-II, protein induced by vitamin K absence or antagonist-II; PR, partial
response; PT, prothrombin time; SD, stable disease; T.Bil, total bilirubin; WBCs, white blood cells.

*p<0.05. **p <0.005.

4 | DISCUSSION

As previously mentioned, serum CCL5 and CXCL10 are
associated with hot immune features, and patients with
advanced HCC and higher serum CCL5 and CXCL10
levels are more likely to benefit from ICI therapy.'® This
study revealed the utility of serum CXCL10 levels after the
introduction of Atez/Bev therapy for predicting prognosis
among patients with BCLC stage C HCC.

CXCL10 is secreted by multiple cell types including
monocytes, endothelial cells, fibroblasts, inflammatory
cells, and tumor cells in response to interferon-y,” and in-
creased CXCL10 expression in tumor cells is important for
anti-tumor T cell responses.”® The CXCR3 chemokine sys-
tem, which is associated with CXCL10, plays an important
role in CD8+ T cell recruitment to tumors.?”*® In a mouse
study, CD8+ T cell infiltration in HCC was induced by
CXCL10 expression,” and patients with melanoma who
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FIGURE 2 OS and PFS stratified by serum CXCL10 levels at the start of the second course of Atez/Bev therapy. (A) OS stratified by
serum CXCL10 levels at the start of the second course. The dotted line represents OS among patients with serum CXCL10-2c levels <690 pg/
mL. The solid line represents OS among patients with CXCL10-2c levels 2690 pg/mL. (B) PFS stratified by serum CXCL10 levels at the start
of the second course. The dotted line represents PFS among patients with serum CXCL10-2c levels <690 pg/mL. The solid line represents
PFS among patients with serum CXCL10-2c levels 2690 pg/mL. p-values were calculated using the log-rank test. Atez/Bev, atezolizumab
plus bevacizumab; CXCL10, C-X-C motif chemokine ligand 10; CXCL10-2c, C-X-C motif chemokine ligand 10 at the start of the second

course; OS, overall survival; PFS, progression-free survival.

responded to therapy had higher plasma CXCL9 and
CXCL10 levels after ICI therapy.'® Albeit without signif-
icance, serum CXCL10 levels were numerically higher at
baseline and at the start of the second course and more
strongly increased from baseline to the start of the second
course among responders than among non-responders
in the initial therapeutic response assessment of patients
with BCLC stage C HCC (Figure 1). Based on these results,
it is possible that the induction of CXCL10 promoted the
infiltration of CD8+ T cells into the tumor and resulted in
good therapeutic efficacy.

Our study identified increased serum CXCL10 levels
during Atez/Bev therapy as a predictor of therapeutic ef-
ficacy in patients with BCLC stage C HCC, but these find-
ings were not replicated in patients with BCLC stage A or B
HCC. A previous study of the immune microenvironment
in HCC revealed that the immune-high subtype, which is
characterized by increased B—/plasma-cell and T-cell in-
filtration, was associated with poorly differentiated HCC
and PD-L1 expression in both tumor and immune cells.*
It has been reported that inflamed (immune-hot) HCC has
a better response to ICI therapy.*! It is assumed that BCLC
stage C HCC featuring distant metastasis and/or vascular
invasion carries a higher risk of high-grade malignancy.
From these findings, we speculate that the induction of
CXCL10 by ICI therapy differed in BCLC stage C patients,
which might have influenced treatment efficacy.

In this study, serum CXCL10-2c levels were inde-
pendently associated with PFS and OS in patients with
BCLC stage C HCC (Table 4 and Table S5). In addition, the
Child-Pugh score at baseline and NLR at the start of the
second course of therapy were independently associated
with OS in this subgroup of patients. Liver function has
been linked to the efficacy of Atez/Bev therapy.’> NLR at
baseline and at the start of the second course is reported to
be associated with the efficacy of Atez/Bev therapy, as NLR
reflects the balance between the tumor-promoting environ-
ment and anti-tumor immune status.**>> This is the first
study, to the best of our knowledge, to reveal an association
between serum CXCLI1O0 levels during Atez/Bev therapy
and therapeutic efficacy in patients with unresectable HCC.

Contrarily, serum CCLS5 levels were not predictive of the
efficacy of Atez/Bev. CCR5, the receptor for the chemok-
ine CCL5, has tumor-suppressing and tumor-promoting
roles.’®*” Regarding tumor progression, the CCR5/CCL5
interaction is involved in the activation of the Akt pathway,
which is related to the development of HCC.*® Conversely,
in terms of anti-tumor activity, CCR5 expression on CD8+
T cells is necessary for CD8+ T cell activation and migra-
tion to tumor sites.*® CCLS5 itself attracts conventional type
1 dendritic cells to the tumor and promotes T cell infiltra-
tion into the tumor.” Interestingly, our study revealed a
correlation between baseline serum CCLS5 levels and the
neutrophil count (Table S3). Neutrophils are involved in
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TABLE 4 Factors associated with
OS in patients with Barcelona Clinic

Univariate analysis SD (n=62) Multivariate analysis

Liver Cancer stage C hepatocellular Factor HR (95% CI) D HR (95% CI) p-value
carcinoma who received atezolizumab .
plus bevacizumab. Baseline
Age, years
>70 0.54 (0.24-1.21) 0.131
<70 1
Gender
Male 1.35 (0.45-4.01) 0.589
Female 1
Etiology 0.634
Non-viral 0.82 (0.37-1.84)
Viral 1
Line of systemic chemotherapy
>2nd 1.82(0.81-4.09) 0.145
1st 1
NLR
>3 2.87 (1.24-6.64) 0.013*
<3 1
AFP, ng/mL 0.591
>400 1.26 (0.55-2.88)
<400 1
Child-Pugh score
26 3.13(1.30-8.48) 0.012* 2.73 (1.01-7.43) 0.049*
5 1 1
CXCL10
2231 1.28 (0.56-2.93) 0.563
<231 1
Start of the second course
NLR
>3 3.37 (1.46-7.79) 0.004** 3.26 (1.26-8.43) 0.015*
<3 1 1
CXCL10, pg/mL
>690 0.34 (0.12-0.95) 0.040% 0.23(0.07-0.69)  0.009*
<690 1 1

Note: Hazard ratios were calculated using the Cox proportional hazard method.

Abbreviations: AFP, a-fetoprotein; CI, confidence interval; CXCL10, C-X-C motif chemokine ligand 10;
HR, hazard ratio; NLR, neutrophil-to-lymphocyte ratio; OS, overall survival.

*p <0.05. **p < 0.005.

the production of ligands that induce tumor cell prolifera-
tion and invasion and cytokines that induce angiogenesis.*
Meanwhile, serum CCL5-2c levels were correlated with the
lymphocyte count (Table S3). Lymphocytes are responsible
for the immune function of the host, and decreased lym-
phocyte counts can impair hosts’ anti-tumor immunity and
worsen their prognosis.41 Thus, serum CCLS5 levels were
correlated with both tumor-promoting markers at baseline
and anti-tumor markers after the introduction of Atez/Bev
therapy. Therefore, we presume that these functions could

explain the lack of an association between serum CCLS5 lev-
els and treatment efficacy in this study.

Our study had several important limitations. First, as
a multicenter, retrospective, observational study, the pos-
sibility of selection bias cannot be excluded. Second, the
cohort was not large. Additional studies in larger patient
populations are needed to confirm the association be-
tween serum CXCL10 levels and Atez/Bev efficacy. Third,
this study had an insufficient median follow-up period
(13.4months). Fourth, we analyzed patients treated with
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Atez/Bev without stratification by treatment line. Finally,
the efficacy of treatment regimens after Atez/Bev therapy,
which can affect OS, was not examined.

In conclusion, this study demonstrated the utility of
serum CXCL10 levels after the start of treatment predict-
ing the efficacy of Atez/Bev therapy and patient prognosis
in HCC. Future well-designed prospective studies with
large numbers of patients are desirable.
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