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Abstract

Background: Sarcopenia is a progressive generalized loss of skeletal muscle mass commonly
observed in advanced stages of cancer.

Objective: To assess the relationship between sarcopenia and the prognosis of patients with
hepatocellular carcinoma (HCC] treated with a programmed cell death 1 (PD-1] inhibitor.
Design: This is a retrospective study.

Methods: This study included patients with HCC treated with camrelizumab between 1 March
2020 and 1 December 2021. The skeletal muscle area at the L3 vertebra middle level was used
to calculate the skeletal muscle index. Propensity score matching (PSM) analysis was used to
balance the variables between the two groups.

Results: In all, 97 patients with HCC were included in the study, with 46 and 51 patients in the
sarcopenia group and the non-sarcopenia group, respectively. The baseline characteristics

of albumin, Child-Pugh class, albumin-bilirubin score, neutrophil-to-lymphocyte ratio, and
platelet-to-lymphocyte ratio were significantly different between the two groups. In total, 26
patients from each group (n=52) were selected after the PSM analysis. The progression-free
survival (PFS) in the non-sarcopenia group was significantly longer than that in the sarcopenia
group before and after PSM analysis (6.5 versus 4.8 months, p=0.038]. In addition, the disease
control rate was similar before and after PSM analysis (57.7% versus 69.2%, p=0.388). The
objective response rate in the non-sarcopenia group tended to be higher than that in the
sarcopenia group (11.5% versus 30.8%, p=0.090, after PSM], but no statistically significant
difference was found. The median overall survival (0S]) in the non-sarcopenia group tended to
longer than it in the sarcopenia group before PSM without significant differences (16.3 versus
11.3months, p=0.090) and the median 0S was similar between the two groups after PSM (16.3
versus 16.8 months, p=0.735).

Conclusions: HCC patients with sarcopenia tended to have higher levels of inflammation and
lower levels of albumin than patients without sarcopenia. Sarcopenia is associated with a
shorter PFS in HCC patients treated with PD-1 inhibitor.
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Introduction

Immune checkpoint inhibitors (ICIs) targeting
programmed cell death 1 (PD-1), programmed
cell death-ligand 1 (PD-L1), and cytotoxic T

lymphocyte antigen 4 have been the treatment of
choice for various cancer types since the introduc-
tion and development of immunotherapy.!»?
Hepatocellular carcinoma (HCC) is the most
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common primary liver cancer and the fifth most
prevalent malignancy worldwide.? In the recent
IMbravel50 study (NCT03434379), the combi-
nation of atezolizumab and bevacizumab demon-
strated impressive efficacy in patients with HCC.#
Aside from the combination of atezolizumab and
bevacizumab, tremelimumab and durvalumab is
another noteworthy combination from the clini-
cal trial HIMALAYA, and has shown favorable
tolerability and promising therapeutic effects as
first-line therapy in patients with unresectable
HCC.5 However, despite their impressive effi-
cacy, not all patients with HCC respond to
ICIs.%7 Therefore, an objective and measurable
biomarker that can predict the efficacy of ICI
therapy is urgently required to identify patients
who will benefit from ICIs and avoid unnecessary
immune-related adverse events.

Sarcopenia is a progressive generalized loss of
skeletal muscle mass and strength commonly
observed in advanced stages of cancer.®? Previous
studies have linked sarcopenia to prognosis of
cancer patients who underwent surgery, and with
the use of tyrosine kinase inhibitors (TKIs).10-14
Mounting evidence has recently demonstrated
that sarcopenia influences ICI treatment effi-
cacy.!5-18 Meta-analyses have reported poor sur-

vival and poor response in patients with
sarcopenia, suggesting a negative correlation
between sarcopenia and ICI efficacy.!9:20

However, to the best of our knowledge, only a few
studies have examined the effect of sarcopenia on
HCC patients who received ICI.

Therefore, we retrospectively reviewed the elec-
tronic medical records of patients diagnosed with
HCC and treated with a PD-1 inhibitor (camreli-
zumab) to assess the overall survival (OS) and
progression-free survival (PFS) of HCC patients
with or without sarcopenia. In addition, the prog-
nostic factors influencing PFS were investigated
using univariable and multivariable analyses.

Material and methods

Study design and patient selection

The institutional review board of our hospital has
confirmed that no ethical approval is required
because this is an observational study. Clinical
data were analyzed retrospectively and anony-
mously; as such, the local ethics committee and
the institutional review board of the Huazhong

University of Science and Technology waived the
requirement for informed consent. Consecutive
HCC patients treated with therapy including
PD-1 inhibitor (camrelizumab) between 1 March
2020 and 1 December 2021 at Union Hospital,
Tongji Medical College, China, were reviewed
retrospectively. The reporting of this study con-
forms to the STROBE guidelines.2!

The inclusion criteria were as follows: (1) patients
diagnosed with HCC following the guidelines of
the European Association for the Study of Liver
and Barcelona Clinic Liver Cancer (BCLC) stage;
(2) patients aged >18years; (3) patients classified
as Child-Pugh class A or B; and (4) patients who
received camrelizumab treatment or camrelizumab
with TKIs. The exclusion criteria were as follows:
(1) patients who did not undergo computed
tomography (CT) and/or magnetic resonance
imaging (MRI) before the beginning of treatment
and (2) patients classified as Child-Pugh class C.

We retrospectively collected baseline information
for each patient, including gender, age, BCLC
stage, presence of macrovascular invasion and/or
extrahepatic  spread, Eastern Cooperative
Oncology Group (ECOG) performance, Child-
Pugh class, hepatitis, total bilirubin, albumin,
albumin-bilirubin (ALBI) score, prothrombin
time, aspartate aminotransferase, alanine ami-
notransferase, platelet-to-lymphocyte ratio
(PLR), neutrophil-to-lymphocyte ratio (NLR),
tumor size, tumor number, o-fetoprotein level,
and TKI usage.

Imaging analysis of skeletal muscle mass

The skeletal muscle index (SMI, cm?/m?) was
used to assess skeletal muscle mass status and was
calculated as the muscle area (cm?) measured at
the L3 level after adjusting for height (m?).22 Two
independent radiologists (F.H.W. and C.S.Z.
with 6- and 30-year imaging experience, respec-
tively) manually delineated the region of interest
of skeletal muscles on axial CT or MRI at the
middle level of the L3 vertebra on the Phillips
Intelli Space Portal workstation (version 10.1,
Best, the Netherlands) (Figure 1). The muscles
included the psoas, rectus, transversus abdominis,
internal and external oblique, quadratus lumbo-
rum, longissimus thoracis, iliocostalis lumborum,
and spinalis thoracis; the intramuscular fat area
was excluded. Any disagreements were resolved
by consensus. The total muscle area was measured,
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Figure 1. Measurement of muscle mass at the middle level of the L3 vertebra in the sarcopenia (a) group and

non-sarcopenia group (b).

and the average was calculated for subsequent
analysis.

The optimal cutoff points for SMI classification
were determined using the X-tile software (Yale
University School of Medicine, New Haven,
Connecticut, USA), which provided a simple and
comprehensive approach to dividing cohorts into
low-level and high-level marker expressions based
on survival or PFS outcomes.?324 Based on these
cutoff values, the patients in this study were divided
into sarcopenia and non-sarcopenia groups.

Definition and evaluation of data

All the patients were tracked until December
2021. A follow-up CT or MRI (every 4—6 weeks
after the initial PD-1 inhibitor treatment) was
compared to pre-treatment imaging to determine
the time of PFS based on the Modified Response
Evaluation Criteria in Solid Tumors.2> The objec-
tive response rate (ORR) was defined as the pro-
portion of patients with complete response (CR)
or partial response (PR), while the disease control
rate (DCR) was defined as the proportion of
patients with CR, PR, or stable disease. The OS
of the patients in the two groups was recorded.
PFS was defined as the time elapsed between the
start of camrelizumab treatment and the onset of
tumor progression or patient death. The time
from the start of camrelizumab treatment to the
last follow-up or patient death was defined as OS.

Statistical analyses
All analyses were performed with SPSS version
24.0 software (IBM, Armonk, NY, USA). The

mean and standard deviation of continuous vari-
ables were calculated using the student’s t-test,
and the percentages of discrete variables were cal-
culated using the chi-square test. The Kaplan—
Meier method and log-rank test were used to
compare the differences in PFS, OS, and survival
rates between the two groups. The log-rank test
was used for univariable analysis. Variables with a
p value <0.10 from the univariable analysis were
entered into a Cox proportional hazards model
for multivariable analysis to identify risk factors
influencing PFS. All the tests were two-tailed; a
p value of less than 0.05 denoted statistical signifi-
cance. Propensity score matching (PSM) analysis
was conducted to reduce the patient selection
bias and balance the variables between the two
groups. Matching was performed based on
patients’ baseline characteristics. One-to-one
matching without replacement was applied, and
the caliper value was 0.05.

Results

Patient characteristics

This study included 97 HCC patients (79 males
and 18 females) who were treated with camreli-
zumab between 1 March 2020 and 1 December
2021. Table 1 shows the baseline characteristics
of patients before and after PSM. The sarcopenia
group consisted of 46 patients, whereas the non-
sarcopenia group consisted of 51 patients. The
baseline characteristics of albumin-related factors
(albumin, Child-Pugh class, and ALBI score)
were significantly different between the two
groups. Except for albumin-related indicators
and inflammation-related indicators (NLR and
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Table 1. Baseline characteristics of patients between the two groups before and after PSM analysis.

Characteristics Before PSM (no, %; mean = SD) p Value After PSM (no, %; mean + SD) p Value
Sarcopenia Non-sarcopenia Sarcopenia Non-sarcopenia
(n=46) (n=51) (n=26) (n=26)
Gender 0.444 0.482
Male 36 (78.3%) 43 (84.3%) 20 (76.9%) 22 (84.6%)
Female 10 (21.7%) 8 (15.7%) 6 (23.1%) 4 (15.4%)
Agel(years) 53.6+10.7 51.2+11.0 0.291 51.7+11.7 52.0+9.0 0.905
BCLC stage 0.515 0.760
B 10 (21.7%) 14 (27.5%) 7 (27.0%) 8 (30.8%)
C 36 (78.3%) 37 (72.5%) 19 (73.0%) 18 (69.2%)
Macrovascular invasion 0.352 0.579
Yes 20 (43.5%) 27 (52.9%) 12 (46.2%) 14 (53.8%)
No 26 (56.5%) 24 (47.1%) 14 (53.8%) 12 (46.2%)
Extrahepatic spread 0.222 0.510
Yes 17 (37.0%) 13 (25.5%) 7 (26.9%) 5(19.2%)
No 29 (63.0%) 38 (74.5%) 19 (73.1%) 21(80.8%)
ECOG performance 0.571 0.749
0 30 (65.2%) 36 (70.6%) 20 (76.9%) 19 (73.1%)
1 16 (34.8%) 15 (29.4%) 6 (23.1%) 7 (26.9%)
Hepatitis 0.154 0.714
Hepatitis B 38 (82.6%) 47 (92.2%) 22 (84.6%) 21(80.8%)
Other 8 (17.4%) 4 (7.8%) 4 (15.4%) 5(19.2%)
Child-Pugh Class 0.023 0.638
A 32 (69.6%) 45 (88.2%) 23 (88.5%) 24 (92.3%)
B 14 (30.4%) 6(11.8%) 3(11.5%) 2 (7.7%)
TB (pmol/L) 19.9+13.5 18.4+13.3 0.583 16.0+5.5 19.5+17.5 0.336
Albumin (g/dl) 35.2+6.5 38.1+3.9 0.008 37.7+4.2 38.2+3.6 0.649
ALBI -2.2+0.6 -24+0.4 0.007 -2.4+0.4 -24+03 0.865
PT (S) 13.9+1.0 13.7+0.9 0.172 13.9+0.9 13.6+1.0 0.217
AST (1U/L) 75.9 +70.1 61.7+61.7 0.293 55.1+25.5 70.3+81.5 0.368
ALT (1U/L) 38.6+19.3 41.6+25.8 0.530 37.5+15.9 39.5+21.2 0.708
PLR 244.0+191.2 1475+ 69.6 0.002 149.7+79.7  157.3+78.7 0.732
(Continued)
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Table 1. (Continued)

Characteristics Before PSM (no, %; mean + SD) p Value After PSM (no, %; mean = SD) p Value
Sarcopenia Non-sarcopenia Sarcopenia Non-sarcopenia
(n=46) (n=51) (n=26) (n=26)
NLR 6.6*+7.8 3.5+23 0.012 3.6+2.9 3.4*+2.4 0.760
Tumor size (cm) 9.4+52 8.2+4.8 0.243 7.9+ 4.7 9.0+55 0.452
Tumor number 0.517 0.569
<3 16 (34.8%) 21 (41.2%) 11 (42.3%) 9 (34.6%)
>3 30 (65.2%) 30 (58.8%) 15 (57.7%) 17 (65.4%)
AFP (ng/ml) 0.313 1.000
>400 18 (39.1%) 15 (29.4%) 9 (34.6%) 9 (34.6%)
<400 28 (60.9%) 36 (70.6%) 17 (65.4%) 17 (65.4%)
Combined with TKls 0.880 0.777
Yes 30 (65.2%) 34 (66.7%) 16 (61.5%) 15 (57.7%)
No 16 (34.8%) 17 (33.3%) 10 (38.5%) 11 (42.3%)

AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver
Cancer; ECOG, Eastern Cooperative Oncology Group; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PSM, propensity
score matching; PT, prothrombin time; SD, standard deviation; TB, total bilirubin; TKls, tyrosine kinase inhibitors.

PLR), there were no significant differences in the
baseline factors between the two groups. After
PSM, 26 patients from each group (n=52) with
balanced baseline characteristics were included in
the subsequent analyses (Table 1).

The optimum cutoff value of SM|

The cutoff value for determining sarcopenia has a
high degree of heterogeneity, which is likely due
to differences in race, statistical approach, or geo-
graphic location.?? The X-tile software was used
for X-tile plot analysis to determine the best cut-
off value.

Previous evidence has shown a significant differ-
ence in skeletal muscle mass status between males
and females?®; hence, we calculated different cut-
off values with respect to sex. The SMI cutoff
value for females was 34.3 cm?/m?2 (Figure 2(b)),
which was used to assign 10 patients (55.5%) to
the sarcopenia group and eight patients (44.5%)
to the non-sarcopenia group. Males accounted
for 81.4% (79 patients) of the patients included
in this study. The SMI cutoff value for males was

37.7cm?/m? (Figure 2(e)), which resulted in 36
male patients (45.6%) and 43 male patients
(54.4%) being included in the sarcopenia and
non-sarcopenia groups, respectively. Kaplan—
Meier curves of PFS for different genders between
the two groups are displayed in Figure 2(c) and
() (female: p=0.008; male: p=0.006).

Tumor response and PFS

The tumor responses in the two groups before
and after PSM are shown in Supplement Table
S1. Before the PSM, there was no statistically sig-
nificant differences between the sarcopenia group
and non-sarcopenia group in terms of DCR
(63.0% wversus 72.4%, p=0.316) and ORR (17.4%
versus 33.3%, p=0.073). After the PSM, there
was also no significant difference for DCR (57.7%
versus 69.2%, p=0.388) and ORR (11.5% wversus
30.8%, p=0.090) between these two groups.

In this study, the median PFS was 5.30 months
[95% confidence interval (CI), 4.16-6.44] in 97
patients. Before the PSM analysis, the non-sarco-
penia group (6.8 months, 95% CI: 4.5-9.1) had a
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Figure 2. The optimal cutoff points for SMI classification were determined with the X-tile software.
Histograms, X-tile plots, and Kaplan-Meier curves were made for females (a-c) and males (d-f) separately.

SMI, skeletal muscle index.
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Figure 3. Kaplan-Meier curves of PFS in patients with and without sarcopenia before PSM analysis (a); in
patients with and without sarcopenia after PSM analysis (b).
PFS, progression-free survival; PSM, propensity score matching.

significantly longer PFS than the sarcopenia
group (4.3 months, 95% CI: 3.4-5.2) (p<<0.001,
Figure 3(a)). Similarly, after the PSM analysis,
the non-sarcopenia group (6.5 months, 95% CI:
3.5-9.5) had a significantly longer PFS than the
sarcopenia group (4.8 months, 95% CI: 3.6-6.0)
(p=0.038, Figure 3(b)).

The PFS of patients with ALBI score <-2.6
(10.8 months, 95% CI. 7.8-13.8) was signifi-
cantly longer than that of patients with ALBI

score >—2.6 (4.3months, 95% CI. 3.8-4.9)
(»p<0.001, Figure 4(a)). The curve trends sug-
gested a better PFS in patients with NLR<5
than in patients with NLR > 5; however, with no
statistical significance (PFS: NLR=<5 group:
5.8 months, 95% CI: 5.0-6.6; NLR>5 group:
4.2months, 95% CI: 2.9-5.5; p=0.151, Figure
4(b)). Patients with PLR <300 (5.6 months, 95%
CI: 4.5-6.7) had a longer PFS than those with
PLR>300 (2.7months, 95% CI. 0.7-4.7)
(p<0.001, Figure 4(c)). Of note, PFS did not
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Figure 4. Kaplan-Meier curves of PFS in patients with ALBI<-2.6 and > -2.6 (a); in patients with NLR <5 and >5 (b); in patients
with PLR <300 and >300 (c]; in patients with and without TKls use (d); in patients with tumor number <3 and > 3 [e).
ALBI, albumin-bilirubin; NLR, neutrophil-to-lymphocyte ratio; PFS, progression-free survival; PLR, platelet-to-lymphocyte ratio; TKls, tyrosine

kinase inhibitors.

differ significantly between patients who received
TKIs and those who did not (TKIs group:
4.8 months, 95% CI: 3.7-5.9; no TKIs group:
5.6 months, 95% CI: 4.0-7.2; p=0.238, Figure
4(d)). Moreover, patients with tumor number
<3 (7.8 months, 95% CI: 3.7-11.9) had a longer
PFS than patients with tumor number >3
(4.5 months, 95% CI: 3.7-5.3) (p=0.001, Figure
4(e)). In addition, the Supplemental Material
includes more subgroups (Child-Pugh class,
ALBI scores, BCLC stages, and NLR) compar-
ing PFS in the sarcopenia and non-sarcopenia
groups (Supplemental Figure SIA-H).

Univariable and multivariable analyses of PFS

Before PSM analysis, tumor number, Child-Pugh
class, macrovascular invasion, extrahepatic
spread, ECOG performance status, tumor size,
PLR, NLR, and sarcopenia were identified as
potential predictors for PFS in the univariable
analysis. However, in the multivariable analysis,
tumor size, PLR, NLR, and ECOG performance
status were not significantly associated with PFS.
In both univariable and multivariable analyses,

tumor number >3, Child-Pugh class B, macro-
vascular invasion, extrahepatic spread, and sarco-
penia were significant risk factors associated with
a shorter PFS (Table 2).

After PSM analysis, only macrovascular invasion
and sarcopenia were considered as potential pre-
dictors of PFS in the univariable analysis, and were
also significant risk factors associated with a shorter
PFS in the multivariable analysis (Table 3).

Overall survival

The median OS in patients with sarcopenia was
11.3months (95% CI: 8.2—-14.4months), while
the median OS in the non-sarcopenia group was
16.3months (95% CI: not attained). The
Kaplan—Meier curves indicated a trend toward
decreased survival in patients with sarcopenia,
but this did not reach statistical significance
(p=0.090, Figure 5(a)). Patients with sarcopenia
had a half-year survival rate of 73.9%, whereas
those without sarcopenia had a half-year survival
rate of 90.2% (p=0.032). The 1l-year survival
rate was estimated to be 42.7% in the sarcopenia
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Table 2. Univariate and multivariate analyses of prognostic factors for PFS before PSM analysis.
Variable Univariate analysis Multivariate analysis
HR (95% Cl) p Value HR (95% Cl) p Value
Age 1.005 (0.984-1.026) 0.646
Gender 0.243
Male Reference
Female 0.712 (0.403-1.259)
Number of tumors 0.001 0.028
>3 Reference Reference
<3 0.444 (0.270-0.729) 0.557 (0.330-0.940)
HBV infection 0.800
No Reference
Yes 1.078 (0.602-1.932)
Child-Pugh class <0.001 0.034
B Reference Reference
A 0.280 (0.164-0.478) 0.509 (0.273-0.949)
Macrovascular invasion 0.016 0.005
Yes Reference Reference
No 0.574 (0.365-0.901) 0.449 (0.257-0.783)
Extrahepatic spread 0.062 0.016
Yes Reference Reference
No 0.638 (0.398-1.023) 0.482(0.267-0.872)
ECOG performance 0.004 0.223
0 Reference Reference
1 1.985 (1.247-3.159) 1.390 (0.818-2.360)
AFP (ng/ml) 0.604
>400 Reference
<400 1.133(0.707-1.818)
Tumor size (cm) 1.045 (1.006-1.085) 0.022 1.001 (0.955-1.049) 0.966
PLR 1.002 (1.000-1.003) 0.023 1.000 (0.998-1.002) 0.947
NLR 1.062 (1.026-1.100) 0.001 1.041 (0.981-1.104) 0.189
ALT(IU/L) 1.002 (0.992-1.012) 0.743
AST (IU/L) 1.000 (0.997-1.003) 0.937
(Continued]
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Table 2. (Continued)

Variable Univariate analysis Multivariate analysis
HR (95% CI) p Value HR (95% Cl) p Value

Combined with TKls 0.248

Yes Reference

No 0.755 (0.468-1.216)
Sarcopenia <0.001 0.011

No Reference Reference

Yes 0.426 (0.268-0.676) 0.507 (0.300-0.857)

AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase; Cl, confidence interval; ECOG, Eastern Cooperative Oncology
Group; HBV infection, hepatitis B virus infection; HR, hazard ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PSM,

propensity score matching; TKIs, tyrosine kinase inhibitors.

group and 60.5% in the non-sarcopenia group
(»p=0.107). Similarly, after PSM analysis, there
was no statistically significant difference
(p=0.735, Figure 5(b)) between the sarcopenia
group (16.8months, 95% CI: 6.8-26.8) and the
non-sarcopenia group (16.3 months, 95% CI: not
attained). The half-year survival rate and 1-year
survival rate of patients with sarcopenia were
76.9% and 59.4%, respectively, and those of
patients without sarcopenia were 84.6% and
59.2%, respectively, with no statistical difference
between the two groups (p=0.458; p=0.958).

Discussion

In previous literatures, the efficacy of TKI ther-
apy, liver transplantation, intra-arterial chem-
oembolization, and transarterialradioembolization
has been linked to muscle status in patients with
HCC.13:1423,27-29 A recent study suggested that
sarcopenia may not be associated with an
increased risk in patients with HCC receiving
PD-1 inhibitors.!> Given the small sample size of
the mentioned study and the lack of a report on
whether the baseline information of the two
groups was balanced, further investigation is
required to validate these findings.

To the best of our knowledge, this is the first
study to examine the relationship between sarco-
penia and prognosis of patients with HCC receiv-
ing camrelizumab. We found that patients with
sarcopenia may have lower mean albumin levels
and higher systemic inflammation. Albumin, like
SMI, is a widely used indicator of systemic

nutritional status,3%31 and serum albumin in
patients with sarcopenia is expected to be lower
than that in patients without sarcopenia.
Consistent with our findings, a recent large meta-
analysis found a negative association between
albumin level and sarcopenia, regardless of age
group and clinical settings. This may be because
the downregulation of albumin synthesis helps
conserve amino acids to produce ‘positive’ acute
phase proteins more efficiently in the context of
chronic inflammation.32 In addition, some studies
showed that a higher circulation of systemic
inflammation biomarkers were associated with
higher sarcopenia risk in patients with cancer, and
higher NLR and PLR levels were found in patients
with sarcopenia than in patients without sarcope-
nia, which was in agreement with our results.33:34
Two recent studies reported that patients with
sarcopenia or with decrease in SMI showed a
worse radiological response when compared with
those without, although this difference was not
significant.3%3¢ Similarly, the ORR in patients
without sarcopenia tended to be higher than
patients with sarcopenia in this study.

The relationship between skeletal muscle and
tumor is complicated. Compelling evidence
shows that skeletal muscle can release cytokines
into circulation such as interleukin 15, which
increases the number of circulating natural killer
cells and CD8+ T cells, and this has been dem-
onstrated to improve ICI efficacy in mice.373°
Contrary reports have shown that skeletal muscle
waste increases systemic inflammation, which
increases the risk of HCC development and
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Table 3. Univariate and multivariate analyses of prognostic factors for PFS after PSM analysis.
Variable Univariate analysis Multivariate analysis
HR (95% Cl) p Value HR (95% CI) p Value
Age 1.000 (0.969-1.031) 0.994
Gender 0.316
Male Reference
Female 0.672 (0.309-1.462)
Number of tumors 0.103
>3 Reference
<3 0.578 (0.299-1.117)
HBV infection 0.884
No Reference
Yes 1.060 (0.485-2.316)
Child-Pugh class 0.276
B Reference
A 0.593(0.231-1.518)
Macrovascular invasion 0.024 0.013
Yes Reference Reference
No 0.495(0.270-0.910) 0.458 (0.247-0.849)
Extrahepatic spread 0.158
Yes Reference
No 0.608 (0.305-1.213)
ECOG performance 0.681
0 Reference
1 1.155 (0.581-2.296)
AFP (ng/ml) 0.470
>400 Reference
<400 1.258 (0.675-2.347)
Tumor size (cm) 1.018 (0.969-1.071) 0.475
PLR 1.001 (0.996-1.005) 0.753
NLR 1.074 (0.965-1.195) 0.193
ALT(1U/L) 0.999 (0.984-1.014) 0.916
AST (1U/L) 0.998 (0.993-1.003) 0.400
(Continued)]
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Table 3. (Continued)

Variable Univariate analysis Multivariate analysis
HR (95% Cl) p Value HR (95% Cl) p Value

Combined with TKls 0.118

Yes Reference

No 0.601 (0.318-1.137)
Sarcopenia 0.044 0.024

No Reference Reference

Yes 0.537 (0.289-0.984) 0.488 (0.262-0.912)

AFP, alpha-fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase; Cl, confidence interval; ECOG,
Eastern Cooperative Oncology Group; HBV infection, hepatitis B virus infection; HR, hazard ratio; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PSM, propensity score matching; TKls, tyrosine kinase inhibitors.
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Figure 5. Kaplan-Meier curve of 0OS in patients with and without sarcopenia before PSM analysis (a); in
patients with and without sarcopenia after PSM analysis (b).

0S, overall survival; PSM, propensity score matching.

reduces the efficacy of PD-1 immunotherapy.27-40
In this study, inflammation-related indicators
(NLR and PLR) were higher in the sarcopenia
group and were related to a shorter PFS in the
univariable analysis.

Furthermore, we investigated the relationship
between sarcopenia and PFS in different popula-
tions. Sarcopenia can predict PFS in patients with
Child-Pugh Class A, ALBI score >—2.6, BCLC
stage B, BCLC stage C, or NLR < 5. In addition,
patients with ALBI scores <—2.6 tended to have a
shorter PFS. In both the univariable and multi-
variable analyses, sarcopenia was a significant risk
factor associated with a shorter PFS before and
after PSM analysis. The upper and lower limit of
OS in the non-sarcopenia group were not reached

because of the short duration of the study. Similar
to a previous study,!” the Kaplan—Meier curves
showed a trend toward poor survival in sarcopenia
patients without significance before the PSM
analysis. However, this trend and the significant
difference in the half-year survival rate disap-
peared after balancing the baseline characteristics.
We speculated that this was because we selected
similar levels of systemic inflammation and serum
albumin in patients with and without sarcopenia
after PSM analysis. However, despite the bal-
anced baseline characteristics, some information
may have been lost after PSM analysis. In addi-
tion, we thought that other risk factors such as
tumor metastasis or thrombus formation were the
more important reason leading to death in the
patients with intermediate-advanced HCC.
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Given that sarcopenia may have a negative impact
on the treatment of HCC patients, a greater empha-
sis on rehabilitation treatment and prevention of
sarcopenia is required. It has been reported that
levocarnitine supplementation may help HCC
patients improve skeletal muscle mass during len-
vatinib therapy, and patients with levocarnitine sup-
plementation tended to have a longer median time
to treatment failure compared to patients without
levocarnitine supplementation.'* In-hospital exer-
cise has also been reported to increase muscle mass
in HCC patients who underwent transarterial
chemoembolization,*! suggesting the necessity of
nutritional support and physical exercise in HCC
patients treated with ICIL.

There were some limitations to our study. This
was a single-center, retrospective study with a
small sample size. However, a strength of this
study was that we improved the statistical reliabil-
ity and reduced selection bias through PSM anal-
ysis and detailed subgroup analysis. In addition,
due to the relatively short period of follow-up
time, we did not get the mature survival data.
Therefore, prospective multi-center clinical trials
are required to validate our findings.

Conclusion

HCC patients with sarcopenia tend to have higher
levels of inflammation and lower levels of albu-
min than those without sarcopenia. Sarcopenia is
related to a shorter PFS in HCC patients treated
with a PD-1 inhibitor.
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