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Abstract

Background We investigated the combined effects of sarcopenia and inflammation on outcomes in patients with HCC treated
with nivolumab.

Materials and Methods We reviewed 102 patients treated with nivolumab between 2017 and 2018. Sarcopenia was diagnosed
when the L3 skeletal muscle indices were <42 cm?m? and < 38 cm?/m? in men and women, respectively. Baseline neutrophil-
to-lymphocyte ratio (NLR) and absolute lymphocyte count were used as surrogate markers of inflammation and immune cell
reservoir. High NLR (hNLR) was defined as NLR > 3, and severe lymphopenia (sLP) was defined as lymphocyte < 800/pL.
The overall survival (OS) and progression-free survival (PFS) were analyzed.

Results With a median follow-up of 21.9 (interquartile range, 8.3—58.3) months, patients with sarcopenia showed shorter
OS than those without sarcopenia (median, 2.9 vs. 7.5 months, respectively). Patients with either hNLR or sLP exhibited
inferior survival than those without risk factor (median OS, 2.8 vs. 14.5 months; median PFS, 1.3 vs. 3.7 months, respec-
tively). Among 70 patients treated with RT, benefit of RT was observed in patients with sarcopenia or those without hNLR/
sLP (all p <0.05). After multivariable analysis, RT, hNLR/sLP, albumin-bilirubin (ALBI) grade, and alpha-fetoprotein were
significantly associated with OS (all p <0.05), and hNLR/sLP was also associated with decreased PFS together with ALBI
grade, alpha-fetoprotein, and RT (all p <0.05).

Conclusion The current study hypothetically demonstrated that the risk group stratified by hNLR/sLP outweighs the sig-
nificance of sarcopenia in predicting outcomes after nivolumab. Furthermore, patients with sarcopenia might benefit from
RT, especially those without risk factors of hNLR/sLP.
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Abbreviations HR Hazard ratio
ALBI  Albumin-bilirubin ICB Immune checkpoint blockade
HCC  Hepatocellular carcinoma IQR Interquartile range
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sLP Severe lymphopenia
SMI Skeletal muscle index

Introduction

Hepatocellular carcinoma (HCC) is one of the leading causes
of cancer-related death; however, a limited number of sys-
temic treatment options for advanced/recurrent HCC exists.
Sorafenib or lenvatinib are the only standard systemic treat-
ment options currently available for HCC, although their
therapeutic effects are limited. The recent prospective phase
15 [1] and 3 trials [2] have demonstrated that nivolumab, an
immune checkpoint blockade (ICB) that disrupts programmed
cell death protein-1 immune checkpoint signaling, improves
the clinical outcomes of patients with HCC. It has been widely
implemented in clinical practice since then; however, it has a
limited response rate of 10%—-15% in HCC [1, 2]. Hence, an
increased attention has been focused on clarifying the potential
biomarkers of ICB.

Sarcopenia, one of the features of chronic disease, is
characterized by the decrease in skeletal muscle mass and
muscle deterioration. It has already been well established
that sarcopenia has a negative effect in body composition
and decreases immunity [3]. With the widespread use of
ICB in cancer treatment, both sarcopenia and inflammation
are considered important in determining the prognosis and
predicting treatment responses of several malignancies [4].
Recently, a newly developed prognostic score based on sar-
copenia predicted the treatment response better than tradi-
tional prognostic scoring system in patients with advanced
stage diseases treated with ICB [5].

We have previously reported that concurrent or history of
radiation therapy (RT) with the administration of nivolumab
is associated with improved survival outcomes in patients
with HCC [6]. Further, the utilization of RT in patients
with HCC has increased recently [7-10]. Since RT has an
immune-stimulatory effect with releasing tumor antigen, it is
anticipated that RT could provoke antitumor immunity even
in patients with sarcopenia. Nonetheless, the underlying
mechanism between RT and sarcopenia or inflammation in
patients with HCC treated with nivolumab is still unknown.
Hence, in the present study, we performed an analysis to
assess the association between sarcopenia and inflammatory
parameters and identify the role of RT in these aspects for
patients with HCC treated with nivolumab.

Materials and methods
Study population

Patients with HCC who were treated with nivolumab
between March 2017 and December 2018 at Samsung
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Medical Center were included. Patients were excluded if the
follow-up period was < 1 month. We identified and included
102 patients in this study. This study was approved by the
institutional review board (No. 2020-03-012), and the proto-
col conformed to the ethical guidelines of the 1975 Declara-
tion of Helsinki. The need for informed consent was waived
owing to the retrospective nature of this study. Patients’
information was collected from medical records, including
data on sex, age, Eastern Cooperative Oncology Group per-
formance status score, etiology of HCC, Child-Pugh Class
score, and Albumin—Bilirubin (ALBI) score, laboratory test
results including complete blood count with differential,
intrahepatic, and extrahepatic disease extent, and detailed
information on history of previous treatment including RT.

Treatment

Administration of nivolumab was decided after a discussion
with the institutional multidisciplinary team that comprised
medical oncologists, hepatologists, surgeons, radiation
oncologists, and radiologists. In the absence of a reimburse-
ment covered by the Korean National Insurance Program,
only patients with limited liver function who could afford
the cost were administered with nivolumab.

Intravenous nivolumab (3 mg/kg) [1] was prescribed until
the patients experienced unacceptable toxicity and disease
progression or refused treatments. The median interval
between nivolumab administration and initial diagnosis of
HCC was 21.3 (interquartile range [IQR], 6.9-65.1) months.

After the multidisciplinary team discussion, RT was per-
formed to selected patients for mostly palliative purposes. A
total of 70 patients (68.8%) received RT before (92.9%) and/
or with nivolumab (14.3%) administration. Detailed infor-
mation on RT is summarized in Supplementary Table S1.
The most common sites for RT were the liver (48.6%), fol-
lowed by the bone (30.0%) and lymph nodes (11.3%). Most
patients were treated with photon RT; 10 patients were
treated with proton beam RT. With a median total dose of
30.0 (IQR, 20.0-40.0) Gy in median 10 (IQR, 8-10) frac-
tions, the median biologically effective dose using an o/p
ratio of 10 for tumor control was 39.0 (IQR, 28.0-56.0) Gy.

Sarcopenia

We used abdominal computed tomography images before
nivolumab administration instead of dual-energy X-ray
absorptiometry for assessing the body composition of
patients. Cross-sectional area (cm?) of the skeletal muscle
at the level of the third lumbar spine was evaluated using
the in-house software based on MATLAB version R2014a
(MathWorks Inc., Natick, MA, USA). The software used
in this study is an open-source tool, which is available at
the following URL: https://sourceforge.net/projects/muscl


https://sourceforge.net/projects/muscle-fatarea-measurement/

Cancer Immunology, Immunotherapy (2021) 70:1593-1603

1595

e-fatarea-measurement/. The skeletal muscle index (SMI)
was defined as follows: SMI (cm*/m?) = cross-sectional area
(cm?)/height? (m?). Considering the various criteria cur-
rently available for sarcopenia, we used the cutoff values
of 42 cm?/m? for men and 38 cm?/m? for women based on
the guidelines for sarcopenia in liver disease from the Japan
Society of Hepatology [11].

Markers of systemic inflammation and immune cell

Absolute counts of lymphocyte (/pL) and neutrophil (/pL)
were analyzed prior to first nivolumab administration. As a
marker of systemic inflammation, the neutrophil-to-lympho-
cyte ratio (NLR) was calculated, and a high NLR (hNLR)
was defined as NLR > 3.0, which is a widely accepted cutoff
value [12, 13]. In addition, a widely accepted cutoff value of
3.0 for NLR resulted in an area under the receiver-operating
characteristic curve of 0.699, with a sensitivity of 65.6% and
a specificity of 73.9%. We subsequently evaluated the abso-
lute lymphocyte count (ALC) based on the Common Termi-
nology Criteria for Adverse Events version 4.03 guidelines,
where ALC from the lower limit of normal range to 800/pL
was considered grade 1, 800-500/puL was considered grade
2, and 500-200/pL was considered grade 3. We defined a
severe lymphopenia (sLP) as pretreatment ALC < 800/puL
(grade 2—4 lymphopenia).

Statistical analyses

All patients were assessed every 3 months with radio-
logic and laboratory evaluations since the administration
of nivolumab. Radiological responses were defined using
the Response Evaluation Criteria in Solid Tumors. Disease
control rate and overall response rate were determined by
the best radiologic response after nivolumab administra-
tion: disease control rate included complete response, partial
response, and stable disease; overall response rate included
complete and partial responses, respectively. The treatment
toxicity was graded according to the Common Terminol-
ogy Criteria for Adverse Events (version 4.03). The base-
line characteristics of patients with or without sarcopenia
were compared using the Pearson chi-squared or Fisher’s
exact test for categorical variables and the Student’s 7 test or
Mann—Whitney U test for continuous variables. Tests were
appropriately used after checking distributional assumptions
for each variable. The overall survival (OS) and progression-
free survival (PFS) were calculated from the date of the first
day of nivolumab administration to the date of each event or
last follow-up. The Kaplan—-Meier method and log-rank test
were used to estimate and compare the OS and PFS rates. A
Cox proportional hazards model was used when perform-
ing a multivariable analysis, which only included factors
that showed statistical significance in a univariable analysis.

We also evaluated the multicollinearity after calculating a
variance inflation factor of <5 for factors included in the
multivariable analysis. A two-sided p value of <0.05 was
considered statistically significant. We used the International
Business Machines Corporation (IBM) Statistical Package
for the Social Sciences Statistics for Windows version 25.0
(IBM Corp., Armonk, NY, USA) and R version 3.6.3 (R
Foundation for Statistical Computing, Vienna, Austria) for
statistical analyses.

Results
Patient characteristics

Patient, tumor, and baseline laboratory test results are sum-
marized in Table 1. With a male predominance (85.3%), the
median patient age was 61.3 (IQR, 54.0-69) years. Most
patients had chronic hepatitis B virus infection (76.5%),
well-compensated liver function (Child—Pugh class A,
81.4%), and extrahepatic metastasis (85.3%) at the time of
nivolumab administration. Before nivolumab administration,
most patients (97 patients, 95.1%) received tyrosine kinase
inhibitor. The median values of body mass index, SMI, and
NLR for the entire cohort were 22.9 kg/mz, 48.8, and 3.32,
respectively. We ultimately identified 23 patients with sarco-
penia (22.5% of the entire cohort). Patients with sarcopenia
had worse ALBI score and higher pretreatment alpha feto-
protein levels than those without sarcopenia. Additionally,
patients with sarcopenia presented with lower skeletal mus-
cle indices (median, 36.7 vs. 52.4, p<0.001) and frequent
hNLR (78.3% vs. 50.6%, p=0.019) than those without sar-
copenia. After 1 month of nivolumab administration, SMI of
patients with sarcopenia decreased more significantly than
that of patients without sarcopenia (median ratio, 0.89 vs.
0.96, p=0.006). There was no difference in the 1-month
ALC and NLR values. For further analysis according to the
history of RT, baseline characteristics except white blood
cell counts and ALC at the time of nivolumab administration
were comparable between patients with a history of RT and
those without a history of RT (Supplementary Table S2). In
addition, sites of RT showed no difference in the presence
of sarcopenia, sLP, and hNLR (Supplementary Table S3).

Overall survival

With a median follow-up period of 21.9 (IQR, 8.3-58.3)
months, the median OS and 1-year OS rates were 5.1 months
and 33.8%, respectively. Patients with sarcopenia showed a
lower median OS (2.9 months) than those without sarcope-
nia (7.5 months, p=0.036, Fig. 1a). Patients with neither
hNLR nor sLP demonstrated significantly better median OS
(40 patients, 14.5 months) than those with either hNLR or
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Table 1 Patient and tumor characteristics stratified by sarcopenia

Total No sarcopenia Sarcopenia p value
(n=102) (n="19) (n=23)
Age
Median (IQR) 61.3 [54.0; 69.0] 62.0 [54.1; 69.9] 59.0 [51.0; 66.0] 0.222
Sex
Male 87(85.3) 70 (88.6) 17 (73.9) 0.098
ECOG PS
1-2 97 (95.1) 74 (93.7) 23 (100.0) 0.150
Cause of hepatitis
HBV 78 (76.5) 60 (75.9) 18 (78.3) 1.000
HCV 7(6.9) 6(7.6) 1(4.3)
Alcohol 8(7.8) 6(7.6) 2(8.7)
Unknown 9(8.8) 7(8.9) 2(8.7)
CTP class
A 83 (81.4) 67 (84.8) 16 (69.6) 0.128
BorC 19 (18.6) 12 (15.2) 7(30.4)
ALBI score
—2.50[-1.93; - 1.94] —2.61[-2.85; —2.00] —2.17 [ 2.65; — 1.66] 0.028
Grade 1 47 (46.1) 40 (50.6) 7(30.4) 0.141
Grade 2-3 55 (53.9) 39 (49.4) 16 (69.6)
Intrahepatic tumor burden
>50% of liver 30(29.4) 20 (25.3) 10 (43.5) 0.155
Extrahepatic metastasis
Yes 87 (85.3) 68 (86.1) 19 (82.6) 0.740
AFP, ng/mL
Median (IQR) 274.9 [16.6; 17,354.5] 135.9 [9.1; 9323.0] 449.8 [235.9; 67,714.2] 0.019
Previous Treatment
Surgery 43 (42.2) 36 (45.6) 7(30.4) 0.292
RFA 31(30.4) 25 (31.6) 6(26.1) 0.801
TACE 64 (62.7) 52 (65.8) 12 (52.2) 0.344
TKI 97 (95.1) 76 (96.2) 21 (91.3) 0.315
RT
Before/concurrent 70 (68.6) 54 (68.4) 16 (69.6) 1.000
Body weight, kg 63.8 [59.2; 70.3] 65.0 [60.2; 71.0] 59.2[51.4;63.2] 0.001
Height, m 1.67 [1.63; 1.71] 1.67 [1.64; 1.71] 1.69 [1.62; 1.71] 0.707
BMI, kg/m? 22.85[21.11; 25.13] 23.89 [21.93;25.32] 20.65 [19.42; 22.04] <0.001
Baseline
SMI, cm?*/m? 48.80 [43.00; 55.82] 52.44 [47.41; 56.71] 36.65 [29.90; 39.60] <0.001
WBC count, (x 10°/uL) 5.51[4.21;7.08] 4.97 [3.96; 6.80] 6.54 [5.55; 8.49] 0.004
ANC, (x 10*uL) 3.48 [2.48; 4.96] 3.16 [2.37; 4.67] 4.88[3.02; 6.19] 0.020
ALC, (x 10°/uL) 1.06 [0.76; 1.58] 1.06 [0.78; 1.46] 1.20 [0.77; 1.64] 0.478
<800 29 (28.4) 22 (27.8) 7(30.4) 1.000
NLR 3.32[2.24;4.93] 3.02 [2.23; 4.46] 4.13 [3.27; 5.64] 0.109
>3.0 58 (56.9) 40 (50.6) 18 (78.3) 0.019
Post 1 month
SMI, cm%/m? 45.85 [40.50; 52.15] 47.00 [41.91; 53.40] 36.44 [31.00; 42.63] <0.001
SMI| onit/ SMIpacetine 0.92 [0.83; 1.00] 0.96 [0.90; 1.17] 0.89 [0.80; 0.98] 0.006
ALC, (x 10*uL) 1.05[0.71; 1.47] 1.04 [0.70; 1.46] 1.20[0.78; 1.42] 0.904
<800 31 (30.4) 24 (30.4) 7(30.4) 1.000
ALC pont/ALC paseline 1.00 [0.85; 1.21] 1.04 [0.87; 1.23] 0.92 [0.77; 1.00] 0.053
NLR 3.69 [2.35; 6.01] 3.48 [2.23;5.92] 5.12[3.13; 6.89] 0.126
>3.0 64 (62.8) 46 (58.2) 18 (78.3) 0.133
NLR | ont/NLRpaeline 1.10 [0.80; 1.52] 1.04 [0.78; 1.45] 1.17[0.90; 1.72] 0.269
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Table 1 (continued)

IQR interquartile range, ECOG PS Eastern Cooperative Oncology Group performance status, BMI body mass index, SMI skeletal muscle index,
HBYV hepatitis B virus, HCV hepatitis C virus, CTP Child-Turcotte-Pugh, ALBI Albumin-Bilirubin score, AFP alpha-fetoprotein, RFA radiofre-
quency ablation, TACE trans-arterial chemo-embolization, TKI tyrosine kinase inhibitor, RT radiation therapy, WBC white blood cell, ANC abso-
lute neutrophil count, ALC absolute lymphocyte count, NLR neutrophil-lymphocyte ratio

sLP (37 patients, 2.8 months) and those with both hNLR
and sLP (25 patients, 2.9 months, Fig. 1b). In addition,
RT differed the OS rates of patients with sarcopenia (RT
vs. no RT; 3.4 vs. 1.0 months, p=0.010, Fig. 2a). Mean-
while, there was no significant difference in accordance with
RT for patients without sarcopenia (RT vs. no RT, 9.1 vs.

3.5 months, p=0.243, Fig. 2b). Although RT sites had no
impact on OS outcomes, we observed a nonsignificant but
clear trend in favor of concurrent administration of RT and
nivolumab for OS (Supplementary Table S3, Supplementary
Figure 1A). Subgroup analysis stratified by hNLR and sLLP
revealed that RT was associated with better OS in patients

100 B 1o
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Sarcopenia () f 0 M| hNLR (+) only or SLP (+) only
o4 v |7 Sarcopenia (+) CERY — — hNLR (+) &SLP (+)
_ —_ 1.
2 2 T
S 60 — s 60 — ‘.“
Z 3 5 Log-ranktest, p < 0.001
a a ]
= i
§ 40 B f.>-, 40 ]T_'IL1
3 Log-rank test p = 0.019 3 s
oy
B9 e 27 ‘—‘L—I—J Log-ranktest, p = 0.359
------ B s i J—
i bocdoozoomoode
[
0 T T T T 0 T T T T
0 6 12 18 24 Numbersat risk ° 6 12 18 24
Numbers at risk Time (months) Time (months)
NLR<3 & ALC2800 40 30 22 10 7
Sarcopenia (-) 79 40 27 12
A NLR23 or ALC<800 37 8 5 3 1
Sarcopenia (+) 23 5 4 3 2
NLR23 & ALC<800 25 7 4 2 2

Fig. 1 Overall survival rates stratified by sarcopenia status (a) and neutrophil-lymphocyte ratio (NLR) of 3 and absolute lymphocyte count

(ALC) of 800/uL

A RT (+)
------- RT ()
S
©
2
|
3
7]
s
o
>
o
E Log-rank test, p = 0.010
0 —

0 6 12 18 24
Numbers at risk .
Time (months)

RT(+) 16 5 4 3 2

RT() 7 0 0 0 0

Numbers at risk

Overall survival (%)

Log-rank test, p = 0.243

6 12 18 24
Time (months)
RT (+) 54 31 20 8 6

RT() 25 9 7 4 2

Fig.2 Overall survival rates according to radiation therapy (RT) in patients with sarcopenia (a) and without sarcopenia (b)
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with both NLR <3 and ALC >800/pL (Fig. 3). After a mul-
tivariable analysis, both RT (hazard ratio [HR], 0.43; 95%
confidence interval [CI], 0.25-0.74) and risk factors of either
hNLR or sLP at baseline (HR, 3.04; 95% CI, 1.58-5.86)
were associated with OS along with the ALBI group and
serum alpha fetoprotein level (Table 2). Although relative
difference in ALC or NLR between baseline and 1 month
after nivolumab administration was not related to OS out-
comes, risk factors based on 1-month hNLR/sLP showed
borderline significance in OS outcomes (HR, 1.73; 95% CI
0.95-3.14, p=0.072, Table 2). In addition, hNLR and sLP
itself were also associated with poor OS when separately
analyzed (Supplementary Table S4).

Progression-free survival

The median PFS was 1.7 months for the entire group, and
there was no difference in median PES between patients with
sarcopenia and those without sarcopenia (1.6 vs. 1.7 months,
respectively, p=0.281, Supplementary Figure 2A). Patients
with either hNLR or sLP demonstrated inferior PFS com-
pared to those without risk factors (median PFS, 1.3 vs.
3.7 months, respectively, p <0.001 Supplementary Fig-
ure 2B). Additionally, RT was associated with higher PFS in
patients with sarcopenia (RT vs. no RT, 1.8 vs. 0.9 months,
respectively, p=0.045, Supplementary Figure 3A-B). Spe-
cifically, concurrent administration of RT and nivolumab
showed a better trend in PFS, although RT sites were not rel-
evant (Supplementary Figure 1B, Supplementary Table S3).
Clinical benefit of RT was also observed in patients without
hNLR or sLP (Supplementary Figure 4A-B). The multivari-
able analysis demonstrated that the risk factors of hNLR
and sLP at baseline attributed to inferior PFS independently

2
©
>
I
3
7]
g
[
>
[}
______ e e
20
Log-rank test, p = 0.044
0 T T T T
0 6 12 18 24
Numbers at risk
Time (months)
RT (+) 30 26 18 8 6

RT() 10 4 4 2 1

(HR, 4.03; 95% CI, 2.06-7.86, p <0.001, Table 3). Either
relative difference of ALC/NLR or risk factors of hNLR/sLP
at post-1 month was not associated with PFS outcomes. Fur-
ther analysis also revealed that both hNLR and sLP indepen-
dently affected PFS (all p <0.05, Supplementary Table S4).

Tumor response

Eighty-two patients (80.4%) experienced overall disease pro-
gression with a comparable rate of ultimate progressive dis-
ease according to sarcopenia (sarcopenia vs. no sarcopenia,
81.0% vs. 78.3%, p=0.346). The overall rates of progressive
disease in extrahepatic and intrahepatic tumor burdens were
56.8% and 50.0%, respectively. Only 8 patients (7.8%) expe-
rienced newly developed metastatic lesion after nivolumab
administration. Specifically, patterns of failure were similar
with regard to sarcopenia (Supplementary Figure 5). For
the best response after nivolumab administration, the dis-
ease control rate and overall response rate for patients were
34.3% and 10.8%, respectively (Supplementary Table S5).
Comparable disease control rate and overall response rate
were observed according to the presence of sarcopenia at
baseline. However, patients with sLP or hNLR exhibited a
lower disease control rate (22.6% vs. 52.5%, p=0.004) and
overall response rate (3.2% vs. 22.5%, p=0.006) than those
without SLP/hNLR. Additionally, RT appeared to result in
significantly improved disease control rate (42.9% vs. 15.6%,
p=0.014) and provided an improved but not statistically sig-
nificant overall response rate (14.3% vs. 3.1%, p=0.166). In
subgroup analysis of RT group, patients with risk factors of
sLP or hNLR showed limited response in irradiated area:
disease control rate of 12.5% and overall response rate of
2.5% (Supplementary Table S6). On the contrary, patients

Overall survival (%)

0 T T T T

Numbers at risk

RT (+) 40 10 6 3 2

RT() 22 5 3 2 1

Fig.3 Overall survival rates according to radiation therapy (RT) in patients without risk factors of high neutrophil-lymphocyte ratio and low
absolute lymphocyte count (a) and patients with at least one of the risk factors (b)
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Table 2 Prognostic factors for overall survival
Univariable Multivariable
HR 95% CI p value HR 95% CI p value

Age (<60 vs. > 60 years) 0.67 0.43-1.04 0.073

Sex (Male vs. female) 1.32 0.71-2.44 0.382

ECOG PS (0-1vs.2) 3.21 1.29-8.00 0.012 1.39 0.49-3.97 0.535
BMI (=18.5vs.<18.5) 1.10 0.40-3.01 0.855

Sarcopenia (No vs. yes) 1.71 1.02-2.85 0.041 1.11 0.62-1.97 0.727
Viral status (Others vs. HBV/HCV) 1.29 0.68-244 0.434

ALBI group (grade 1 vs. 2-3) 2.60 1.64-4.11 <0.001 2.65 1.55-4.53 <0.001
AFP* 1.24 1.07-1.44 0.005 1.27 1.07-1.52 0.007
Intrahepatic tumor burden (<50% vs.>50%) 2.35 1.46-3.77 <0.001 1.08 0.64-1.84 0.771
Extrahepatic metastasis (No vs. yes) 0.58 0.33-1.04 0.069

Surgery (No vs. yes) 0.58 0.37-0.92 0.020 0.80 0.48-1.33 0.387
RFA (no vs. yes) 0.75 0.46-1.21 0.231

TACE (No vs. yes) 0.86 0.54-1.36 0.507

TKI (No vs. yes) 0.65 0.24-1.80 0.410

RT (No vs. before/concurrent) 0.63 0.39-0.99 0.049 0.57 0.35-0.94 0.028
ALC & NLR risk group® (0 vs. 1-2) 3.38 2.06-5.54 <0.001 2.92 1.71-4.96 <0.001
SMI 1 oni/ SMIycetine (Continuous) 0.94 0.37-2.40 0.903

ALC ont ALCpyseline (Continuous) 1.12 0.66-1.89 0.680

NLR | ont/NLRsetine (Continuous) 0.87 0.71-1.08 0.207

HR hazards ratio, CI confidence interval, ECOG PS Eastern Cooperative Oncology Group performance status, BMI body mass index, HBV hepa-
titis B virus, HCV hepatitis C virus, ALBI Albumin-Bilirubin score, AFP alpha-fetoprotein, RFA radiofrequency ablation, TACE trans-arterial
chemo-embolization, TKI tyrosine kinase inhibitor, RT radiation therapy, ALC absolute lymphocyte count, NLR neutrophil-lymphocyte ratio,

SMI skeletal muscle index
*AFP (log transformed) was treated as a continuous variable
*+Risk group refers to patients with ALC <800 or NLR >3

without sSLP/hNLR presented favorable response of RT-
treated lesions: disease control rate of 70.0% (p <0.001) and
overall response rate of 36.7% (p=0.001).

Toxicity

A total of 78 patients (76.5%) experienced grade 1 or
more toxic events, and most treatment-related toxic
events were confined to grade 1 or 2 (Supplementary
Table S7). Comparable incidence of adverse events was
observed between patients with and without sarcopenia.
Elevated aspartate aminotransferase levels (48.0% of the
entire cohort) and anemia (48.0% of the entire cohort)
were frequently observed in both groups. There were 11
events of grade 4 toxicities assessed by laboratory stud-
ies—increased aspartate aminotransferase levels (n=23),
increased lipase levels (n=1), increased amylase levels
(n=1), increased bilirubin levels (n=4), and decreased
sodium levels (n=2). Among the 92 patients who discon-
tinued nivolumab administration, 4 patients discontinued

receiving nivolumab because of treatment-related liver
failure. Other reasons for nivolumab discontinuation were
as follows: presence of progressive disease (n =80) and
lost to follow-up (n=38).

Discussion

When considering the limited response rate of nivolumab
in HCC, potential biomarkers for predicting treatment out-
comes have attracted the attention of several physicians. In
the current study, we demonstrated that the risk group strati-
fied by both hNLR and sLP might outweigh the significance
of sarcopenia in assessing the predictive value of nivolumab
in patients with HCC. Furthermore, we showed the potential
benefit of RT for patients with sarcopenia, specifically for
patients without risk factors of hNLR or sLP.

The detrimental effect of sarcopenia and increased
inflammation on outcomes after ICB has been investi-
gated in patients with other solid tumors. Several reports of
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Table 3 Prognostic factors for progression-free survival

Univariable Multivariable
HR 95% C1 p value HR 95% CI p value
Age (<60 vs. > 60 years) 0.78 0.51-1.18 0.233
Sex (Male vs. female) 1.19 0.67-2.12 0.547
ECOG PS (0-1vs.2) 2.87 1.15-7.13 0.024 1.61 0.59-4.37 0.353
BMI (>18.5vs.<18.5) 1.09 0.44-2.70 0.850
Sarcopenia (No vs. yes) 1.31 0.80-2.14 0.280
Viral status (Others vs. HBV/HCV) 1.54 0.85-2.77 0.153
ALBI group (grade 1 vs. 2-3) 1.64 1.08-2.50 0.020 1.27 1.01-2.24 0.049
AFP* 1.15 1.00-1.32 0.046 0.71 0.45-1.11 0.066
Intrahepatic tumor burden (<50% vs.>50%) 1.56 0.99-2.45 0.057
Extrahepatic metastasis (No vs. yes) 0.79 0.45-1.41 0.430
Surgery (No vs. yes) 0.89 0.58-1.35 0.570
RFA (No vs. yes) 0.82 0.52-1.28 0.381
TACE (No vs. yes) 0.76 0.49-1.17 0.211
TKI (No vs. yes) 0.72 0.29-1.77 0.467
RT (No vs. before/concurrent) 0.66 0.42-0.99 0.049 0.71 0.45-1.11 0.134
ALC & NLR risk group® (O vs. 1-2) 2.37 1.53-3.67 <0.001 2.04 1.29-3.21 0.002
SMI 1 oni/ SMI s cetine (Continuous) 0.91 0.37-2.25 0.833
ALC | ont/ ALCaeline (Continuous) 1.06 0.62-1.79 0.839
NLR | ont/NLRsetine (Continuous) 0.88 0.72-1.07 0.191

HR hazards ratio, CI confidence interval, ECOG PS Eastern Cooperative Oncology Group performance status, BMI body mass index, HBV hepa-
titis B virus, HCV hepatitis C virus, ALBI Albumin-Bilirubin score, AFP alpha-fetoprotein, RFA radiofrequency ablation, TACE trans-arterial
chemoembolization, TKI tyrosine kinase inhibitor, RT radiation therapy, ALC absolute lymphocyte count, NLR neutrophil-lymphocyte ratio, SMI

skeletal muscle index
*AFP (log transformed) was treated as a continuous variable
*+Risk group refers to patients with ALC <800 or NLR >3

patients with malignant melanoma or advanced lung cancer
have demonstrated that patients with sarcopenia frequently
encountered with toxic events [14, 15] or had poor survival
outcomes [16—18] after ICB. Several cytokines potentially
involved in the development of sarcopenia, such as trans-
forming growth factor-p [19] and interleukin (IL)-6 [20],
cause T-cell exhaustion, resulting in reduced efficacy of
ICB [4, 21, 22]. In addition, decrease in myokine levels,
such as IL-15 and IL-5, as a result of skeletal muscle deple-
tion in sarcopenia, could lead to a poor treatment response
to ICB [23, 24].

Besides sarcopenia, chronic inflammatory status related
to the development of sarcopenia itself plays a role in ICB
resistance. In the current study, patients with sarcopenia
had increased levels of inflammatory markers, such as
white blood cell and neutrophil count and NLR, which sup-
ports the fact that sarcopenia reflects the increased meta-
bolic activity leading to systemic inflammation and mus-
cle depletion [25]. Patients with advanced cancer usually
present with an alteration in peripheral blood composition,
which comprises both an expansion in the myeloid com-
ponent and a reduction in the lymphoid component [26].

@ Springer

Since lymphocyte plays a major role in the re-induction of
the exhausted T-cell population, sLP has been recognized
as a surrogate marker for ICB response [27]. Furthermore,
NLR, which is extensively investigated as a marker of sys-
temic inflammatory response and prognosis in cancer [12,
28], could also reflect the relative proportion of circulating
lymphocytes. A number of previous studies regarding solid
tumors other than HCC have suggested that sLP [28-30]
and hNLR [4, 26, 31] could be potential biomarkers of ICB
response. A recent study by S. Dharmapuri et al. has dem-
onstrated that hNLR defined as NLR >5 could predict the
poor median survival of 10 months compared to NLR <5
(5 months, p=0.0037) in 104 patients with HCC treated
with nivolumab [32]. The current study also showed that
both risk groups based on hNLR/sLP and hNLR or sLP at
baseline could successfully predict survival outcomes and,
moreover, response of RT-treated lesions.

In the current cohort, RT is related to improved survival
in patients with sarcopenia. Given an immune-stimulatory
effect by immunogenic cell death via calreticulin expression
at the cell surface [33, 34], RT might overcome the antitumor
effect of sarcopenia. Although concurrent administration of
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RT and nivolumab showed borderline improvement in OS
and PFS, half the patients who received nivolumab and RT
concurrently had a history of RT. Since the data on the num-
ber of patients who only received concurrent nivolumab and
RT was not available, further statistical analysis was not per-
formed. Based on the current analysis, we could cautiously
suggest local RT to liver or metastatic sites for candidates of
nivolumab administration with advanced HCC regardless of
sequences, but further studies regarding sequence between
RT and nivolumab may help shape a strategy between local
RT and nivolumab. In this context, since most patients
received RT followed by ICB in the current study, we sug-
gest that a radiation-induced tumor equilibrium, a balance
between tumor cell survival and cell death, could provide
a window period for immune-modulation [34]. However,
RT also could induce immunosuppression by depleting
the lymphocyte or lymphoid progenitor cells [35]. We also
observed a significant decrease in ALC 1 month after RT,
but no remarkable change after nivolumab administration
(data not shown). Our results regarding the different impact
of RT on the survival in patients stratified by hNLR and sLP
also suggest that RT leads to antitumor immune stimulation
in accordance to lymphocyte reservoir. This yin and yang of
RT combined with ICB on immune response needs further
investigation to maximize the synergism between RT and
ICB. In addition, recent interests, which highlight the asso-
ciation between RT and immunosuppressive tumor microen-
vironment including myeloid-derived suppressor cells, need
to be identified in future studies [36, 37].

Some limitations of this study should be acknowledged.
First, owing to the limited number of patients, the subgroup
analysis had a limited statistical power. The statistical signif-
icance with limited number of patients need to be interpreted
with caution because the observed effect may not result from
true biological effect. However, to the best of our knowledge,
this is the first study that investigated the effect of sarcopenia
and inflammatory markers combined with RT in patients
with HCC. Therefore, this study is hypothesis generating for
further administration of nivolumab. Although the clinical
significance of sarcopenia and hNLR/sLP was observed in
the current analysis, the mechanism underlying the com-
bined effect of RT with sarcopenia and hNLR/sLP on the
tumor microenvironment needs to be investigated with
further preclinical studies with a sarcopenia mouse model.
The current ongoing phase II study investigating concur-
rent nivolumab and RT for advanced HCC (KCT0004483)
could help to elucidate the underlying mechanism based on
the biomarkers. Relatively poor treatment outcomes in the
current analysis could result from advanced disease status
and treatment-resistant status even after multiple local and/
or systemic treatments. Moreover, we only analyzed the
baseline and 1-month SMI, NLR, and ALC prior to first
nivolumab administration since subsequent laboratory

results are not available for several patients experiencing
the early progression of the disease. Although NLR or
ALC values of post-nivolumab administration did not sig-
nificantly affect survival outcomes in the current analysis,
further investigation incorporating dynamics of NLR/ALC
and nivolumab is needed to clarify this issue. Considering
that most patients had progressive disease within 6 months
after ICB administration, identifying SMI, NLR, and ALC in
advance may be an effective method for stratifying patients
at higher risk for poor survival.

Conclusions

In summary, we hypothetically demonstrated that sarco-
penia and risk factors of hNLR or sLP directly affect the
poor treatment outcomes after nivolumab administration in
patients with HCC. Although RT might improve the survival
outcomes of patients with sarcopenia, patients with NLR < 3
and ALC > 800/pL mostly benefit from RT in combination
with ICB. Further studies should elucidate the underlying
mechanisms of crosstalk among sarcopenia, leukocytes, and
radiation.
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