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Abstract: The combination of immunotherapy and lenvatinib has shown a good response for inoperable hepato-
cellular carcinoma (HCC) patients. However, a specific marker to predict the response, overall survival (OS) and 
progression-free survival (PFS) of this combination treatment is lacking. The present work focused on investigating 
whether subcutaneous adipose tissue (SAT) characteristics on CT could predict the response and survival for HCC 
patients who receive the combination treatment. This study retrospectively enrolled 100 patients with inoperable 
HCC who received lenvatinib combined with anti-PD-1 antibody treatment from 2018 to 2022. Fifty-six patients were 
finally included. The area and density of SAT were measured using unenhanced cross-sectional CT images. The SAT 
volume index was calculated as the SAT area divided by height squared in meters (cm2/m2). We classified these 
patients into two groups according to SAT volume index and density. Twenty-one patients (37.5%) with a low SAT vol-
ume index and high density were divided into the high risk group. High risk patients showed a markedly decreased 
objective response rate (ORR) compared with low risk patients (19.0% versus 54.3%, P = 0.021). The median PFS 
times were 6.00 and 12.03 months for the high risk and low risk groups, respectively (hazard ratio (HR) = 2.296, 
P = 0.035). High risk patients with Barcelona Clinic Liver Cancer (BCLC) stage-C had a markedly decreased OS of 
compared to low risk patients (HR = 4.272, P = 0.01). Patients with low SAT volume index and high density were 
found to have less opportunity to benefit from this combination therapy.
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Introduction

Targeted therapy combined with immunothera-
py has yielded good responses in hepatocellu-
lar carcinoma (HCC) patients. In 2020, atezoli-
zumab plus bevacizumab improved overall sur-
vival (OS) and progression-free survival (PFS) 
compared to sorafenib in the IMbrave150 trial, 
which was thought to be a ten-year break-
through in the treatment of advanced HCC. 
Lenvatinib combined with pembrolizumab sh- 
owed a high anticancer effect on the inopera-
ble HCC in clinical trials and real clinical studies 
[1, 2]. However, a specific marker for predicting 
the OS and PFS of this combination therapy 
remains lacking.

In recent years, body composition factors, such 
as depleted skeletal muscle mass (sarcopenia) 
and increased intra-abdominal fat (central obe-
sity), have attracted increasing attention as 
possible biomarkers for cancer. In HCC, skeletal 
muscle mass affects the tolerance and prog-
nostic outcome of patients receiving lenvatinib 
treatment [3], but sarcopenia is not related to 
OS in patients receiving anti-PD-1 antibodies [4, 
5]. Subcutaneous adipose tissue (SAT) volume 
and density were closely related to the pro- 
gnosis of HCC patients receiving transcatheter 
intra-arterial treatments [5, 6]. Adipose tissue 
attenuation was reported to serve as a prog-
nostic biomarker, which can be used to stratify 
moderate-stage HCC patients undergoing tran-
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sarterial chemoembolization [6]. However, to 
the best of our knowledge, whether body com-
position is related to the prognosis of HCC 
patients receiving lenvatinib and anti-PD-1 anti-
body combination therapy remains unknown.

The present retrospective study determined 
the volume and density of SAT using cross-sec-
tional CT scans in unresectable HCC patients 
receiving combination treatment. This work 
aimed to evaluate the role of SAT volume and 
density in predicting the outcome of inoperable 
HCC patients who received lenvatinib com-
bined with anti-PD-1 antibodies.

Methods

Patients

This is a single-cohort, retrospective, and 
observational study. We included HCC patients 
receiving lenvatinib and anti-PD-1 antibody 
combination treatment from February 1, 2018, 
to November 30, 2021. HCC was diagnosed 
according to pathology after surgery or typical 
imaging features based on multiphasic CT or 
MRI scan, including non-rim arterial phase 
hyperenhancement (APHE) and washout on 

follow-up. Finally, 56 patients were enrolled for 
subsequent analyses (Figure 1).

The present retrospective study gained approv-
al from the Ethics Committee of Peking Union 
Medical College Hospital (JS-1391). Due to 
data anonymity, no informed consent was 
needed. 

Treatment course

For patients whose body weight (BW) was ≥ 60 
kg, 12 mg/day lenvatinib was given orally once 
daily, and for those whose BW was < 60 kg, 8 
mg was administered. The PD-1 dose was 
administered according to the drug instruc-
tions, which involved a fixed amount of 200 mg 
(240 mg for toripalimab) every three weeks.

Body composition quantification

CT scans obtained within two months prior to 
initial therapy were evaluated. The measure-
ments were validated by two radiologists with 7 
and 15 years of experience. The SAT area and 
density at the third lumbar vertebra (L3) level 
were measured by manually outlining the outer 
boundary of the abdominal muscle (Figure 2) 

Figure 1. Flowchart of patients included in high risk group and low risk group.

portal venous and/or delay- 
ed phases. Biopsy of hepatic 
lesion was done selectively 
for patients whose HCC diag-
nosis remained indeterminate 
on contrast-enhanced imag-
ing. Lenvatinib plus anti-PD-1 
antibody therapy was pro-
posed for patients with inop-
erable HCC cases. Patients 
were determined to be ineligi-
ble for resection based on the 
following criteria: (a) the pres-
ence of distant metastases or 
intrahepatic metastases and 
(b) determined to be unsuit-
able for surgery due to ana-
tomical causes. Patients with 
severely impaired liver func-
tion characteristics were ex- 
cluded. Altogether, 100 pa- 
tients received lenvatinib and 
anti-PD-1 treatment, and 44 
were eliminated due to the 
lack of CT scans, insufficient 
CT image quality, or loss of 
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using ImageJ software (National Institute of 
Health, Bethesda, MD, USA). Threshold value of 
-190 to -30 HU was set to discriminate the sub-
cutaneous adipose tissue, which was applied in 
many similar studies [6, 7]. The SAT volume 
index was calculated as the SAT area divided by 
height squared in meters (cm2/m2). The mean 
SAT density was documented in Hounsfield 
units (HU). Due to the small sample size, param-
eter cutoff values were set as the median num-
ber of each parameter [6]. According to the SAT 
volume index and density, the patients were 
classified into high risk group (patients with a 
high SAT volume index and low density) and low 
risk group (others) (Figure 1).

Clinical information

The following baseline characteristics of the 
patients were retrospectively collected, includ-
ing age, gender, BMI, hepatitis virus infection 
history such as hepatitis B and C virus (HBV/
HBC), Child-Pugh classification, BCLC stage, 

death. The aim of this study was to explore the 
value of SAT volume and density for predicting 
the OS and PFS of patients with unresectable 
HCC treated with lenvatinib plus anti-PD-1 
antibodies.

Statistical analysis

Continuous variables were presented as the 
median (interquartile range) and nonparametri-
cally analyzed by the Mann-Whitney U test. 
Categorical variables were presented as num-
bers of patients and percentages, and the χ2 
test and Fisher’s exact test were performed for 
comparisons as appropriate. The OS and PFS 
were predicted by Kaplan-Meier survival analy-
sis, and then compared by the log-rank test. To 
identify predictive factors for OS and PFS, a uni-
variate logistic regression model was applied. 
Cox proportional hazards modeling was utilized 
to predict the hazard ratios (HRs) of each clini-
copathological feature for OS and PFS. Two-
tailed P < 0.05 indicated for statistical signifi-

Figure 2. The subcutaneous adipose tissue (SAT) area and density were 
measured on non-contrast CT axial images at the third lumbar vertebra (L3) 
level. Green areas indicate subcutaneous adipose tissues. A: One patient 
with a high SAT volume index and low density. B: One patient with a low SAT 
volume index and high density.

serum alpha-fetoprotein (AFP) 
content, maximal tumor size, 
the number of tumors and 
treatment response. Contrast-
enhanced CT or MRI was con-
ducted to measure the tumor 
response according to the 
RECIST version 1.1 criteria by 
at least two radiologists [8]. 
To observe patient survival, 
the patients were contacted 
regularly from November 30, 
2021 (every 3 months) via 
outpatient visits or telephone 
calls until June 30, 2022, loss 
to follow-up or death.

Main outcome

The main outcome was over-
all survival (OS), which was 
defined as the time between 
the date of the initial treat-
ment and the date of the final 
follow-up or death. Progres- 
sion-free survival (PFS) was 
the secondary outcome, wh- 
ich was defined as the time 
from the date of the initial 
treatment to the date of the 
radiological progression or 
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Table 1. Baseline characteristics of the study population
Parameters Total (N = 56)
Age, years (median, IQR) 58.5 (52.0, 69.8)
    < 60 n (%) 31 (55.4)
    ≥ 60 n (%) 25 (44.6)
Sex n (%)
    Female 6 (10.7)
    Male 50 (89.3)
BMI kg/m2 (median, IQR) 23.29 (21.59, 24.74)
    < 24 27 (49.1)
    ≥ 24 28 (50.9)
ECOG performance, n (%)
    0 39 (69.6)
    1 17 (30.4)
HBV infection n (%) 44 (78.6)
HCV infection n (%) 5 (8.9)
Child-Pugh score n (%)
    A5 41 (73.2)
    A6 12 (21.4)
    B7 3 (5.4)
AFP ng/mL (median, IQR) 144 (18.6, 4231)
    < 400 31 (55.4)
    ≥ 400 25 (44.6)
BCLC stage n [%]
    0-A 3 (5.3)
    B 16 (28.6)
    C 37 (66.1)
Vascular invasion, n (%) 18 (32.1)
Extrahepatic spread, n (%) 21 (38.2)
Number of previous treatment regimens n, (%)

    0 54 (96.4)
    ≥ 0 2 (3.6)
Follow-up time months (median, IQR) 12 (6.92, 17.00)
SAT volume index cm2/m2 (median, IQR) 39.27 (26.70, 52.35)
SAT CT value HU (median, IQR) -94.4 (-101.8, -187.9)
Group
    High risk group n (%) 21 (37.5)
    Low risk group n (%) 35 (62.5)
Type of anti-PD-1 antibodies n (%)
    Camrelizumab 36 (64.3%)
    Pembrolizumab 7 (12.5%)
    Nivolumab 1 (1.8%)
    Tislelizumab 6 (10.7%)
    Sintilimab 1 (1.8%)
    Toripalimab 5 (8.9%)
Abbreviations: BCLC: Barcelona Clinic Liver Cancer; BMI: Body mass index; 
HBV: hepatitis B virus; HCV: hepatitis C virus; HU: Hounsfield unit; SAT: subcu-
taneous adipose tissue.

cance. SPSS 26.0 (IBM Corpo- 
ration, Armonk, NY, USA) and 
GraphPad Prism 9.0.0 (GraphPad 
Software, Inc., La Jolla, CA, USA) 
were employed for statistical an- 
alysis.

Results

Patients and baseline character-
istics

Table 1 shows the baseline demo-
graphic and clinical data of the 
patients. There were 56 patients 
finally enrolled in this study (50 
males and 6 females), and the 
median age was 58.5 years. All 
patients had the Eastern Coo- 
perative Oncology Group (ECOG) 
score of 0-1, while 53 (94.6%) 
were classified as having Child-
Pugh grade A. The median base-
line AFP content was 144 ng/mL, 
and 37 (66.1%) patients were at 
the late stage of HCC (BCLC stage 
C). There were 18 patients with 
metastatic lesions originating fr- 
om the liver at baseline before 
treatment, and 21 had macrovas-
cular invasion. Fifty-four patients 
received lenvatinib combined with 
anti-PD-1 antibody treatment as 
the first-line therapy. Twenty-nine 
patients developed disease pro-
gression, and 15 died during the 
median observation period of 12 
months. Twenty-one patients with 
a high SAT volume index and low 
density were divided into the high 
risk group, whereas the left 35 
cases were divided into the low 
risk group.

Treatment and efficacy

All patients included in the study 
underwent regular radiological 
evaluations. Among all 56 enroll- 
ed patients, 23 (41.1%) patients 
achieved an objective response 
(all had a partial response), and 
24 (42.9%) patients achieved sta-
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ble disease (SD). Consequently, the overall dis-
ease control rate (DCR) was 83.9% (Table 2). 
Low risk patients (19/35, 54.3%) had an 
improved objective response rate (ORR) com-
pared with high risk patients (4/21, 19.0%) (P = 
0.021, chi-square test) (Figure 3).

Survival analysis

The median follow-up time was 12 months. The 
PFS rate for HCC markedly decreased in high 
risk patients compared to low risk patients (P = 
0.0297; Figure 4). The median PFS of high risk 
patients was 6.00 (3.35, 8.65) months, which 
was significantly lower than that of low risk 
group patients [12.03 (7.99, 16.07) months]. 
Table 3 shows the univariate analysis of PFS 
among patients, which identified the high risk 
group (HR = 2.296, P = 0.035) as a unique  

factor for predicting the disease progression 
risk.

Because patients with BCLC stage 0-B disease 
had no events, we only included patients with 
BCLC stage C for analysis. The low risk group of 
patients with BCLC stage C disease showed an 
improved OS rate compared with the high risk 
group (P = 0.0057; Figure 5). The univariate 
analysis on OS among patient showed that HCV 
infection (HR 4.141, 95% CI 1.136, 15.088, P = 
0.031) and high risk groups (HR 4.272, 95% CI 
1.405, 12.985, P = 0.01) were the risk factors 
(Table 4).

Demographic and clinical data comparisons 
between high risk groups and low risk groups

Table 5 compares demographic and clinical 
data between two risk groups at baseline. The 
median BMI for high risk group was 22.05 kg/
m2, which was markedly decreased compared 

Table 2. Therapeutic response assessment and survival outcomes of evaluable patients (n = 56)
Therapeutic response assessment Evaluable patients (n = 56)
Confirmed objective response rate (ORR, n, %) 23 (41.1%)
Complete response (CR, n, %) 0
Partial response (PR, n, %) 23 (41.1%)
Stable disease (SD, n, %) 24 (42.9%)
Disease control rate (DCR, n, %) 47 (83.9%)
Progressive disease (PD, n, %) 9 (16.1%) 
Abbreviations: CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; ORR: objective 
response rate; DCR: disease control rate.

Figure 3. The objective response rate (ORR) (19/35, 
53.3%) in low risk group was much higher than that 
(4/21, 17.4%) in high risk group (P = 0.021, chi-
square test). Abbreviations: ORR: objective response 
rate.

Figure 4. The PFS rate in the high risk group for HCC 
patients was significantly lower than that in low risk 
group. Abbreviations: PFS: progress-free survival; 
BCLC: Barcelona Clinic Liver Cancer; HCC: hepatocel-
lular carcinoma.
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to that of the low risk group. BMI, vascular inva-
sion, and SAT volume index and density showed 
a significant difference between the two 
groups. No other variables, including sex, etiol-
ogy, AFP, ECOG score, or Child-Pugh score, 
showed significant differences between the 
two groups.

Changes in SAT volume index and density in 
follow-up scans 

We retrospectively collected the follow-up 
scans during the combination treatment. Thirty-

five patients had at least two CT scans. The 
average interval between the two scans was 71 
days. There were no significant differences in 
SAT volume index (Figure 6) and density (Figure 
7). The classification of risk groups did not 
change considering the follow-up scans.

Discussion

Lenvatinib and anti-PD-1 antibody combination 
treatment results in favorable outcomes in 
inoperable HCC patients, and the disease con-
trol rate is as high as 84.1% without serious 
adverse effects [9]. However, the ORR in that 
study was only 34.1%, indicating that many 
patients could not benefit from this combina-
tion treatment. To date, a relevant baseline fac-
tor for predicting response and survival in 
patients receiving immunotherapy plus target-
ed therapy has been lacking till previous stud-
ies. To the best of our knowledge, the present 
work is the first to analyze the relationship 
between body composition and the survival in 
patients with inoperable HCC who received len-
vatinib plus anti-PD-1 antibody treatment.

The volume and density of visceral and subcu-
taneous adipose tissues were reported to be 
significant prognostic markers for HCC patients 
who underwent locoregional therapy, such as 
hepatectomy, internal radiotherapy, and trans-
arterial chemoembolization [5, 10-12]. Body 
composition was reported to be the main factor 
determining HCC prognosis [13]. In addition, a 

Table 3. Univariate analysis of clinical characteristics for progression-free survival using the Cox pro-
portional hazards model
Parameters Univariate analysis P value
Age (years) ≥ 60 vs. < 60 0.762 (0.361, 1.609) 0.475
Sex Male vs. Female 0.667 (0.232, 1.918) 0.4452
BMI (kg/m2) ≥ 25 vs. < 25 0.907 (0.367, 1.222) 0.833
ECOG performance 1 versus 0 1.877 (0.872, 4.085) 0.107
HBV infection Yes vs. No 0.919 (0.388, 2.178) 0.849
HCV infection Yes vs. No 1.884 (0.564, 6.294) 0.304
Child-Pugh score B vs. A 3.958 (0.903, 17.351) 0.068
AFP (ng/mL) ≥ 400 vs. < 400 2.026 (0.972, 4.223) 0.06
BCLC stage C vs. 0-A, B 1.209 (0.560, 2.611) 0.629
Vascular invasion Yes vs. No 0.668 (0.302, 1.480) 0.321
Extrahepatic spread Yes vs. No 1.077 (0.506, 2.289) 0.848
SAT volume index (cm2/m2) High vs. Low 0.598 (0.281, 1.273) 0.182
SAT CT value (HU) High vs. Low 1.281 (0.614, 2.672) 0.509
Group High risk vs. Low risk 2.296 (1.059, 4.997) 0.035*
Abbreviations: BCLC: Barcelona Clinic Liver Cancer; BMI: body mass index; HBV: hepatitis B virus; HCV: hepatitis C virus; HU: 
Hounsfield unit; SAT: subcutaneous adipose tissue. *P < 0.05.

Figure 5. The OS rate of HCC patients with BCLC 
stage C in low risk group was higher than that of 
those in the high risk group. Abbreviations: OS: over-
all survival; BCLC: Barcelona Clinic Liver Cancer; 
HCC: hepatocellular carcinoma.
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previous study showed that adipose tissue 
could modulate the therapeutic effect of PD-1/
PD-L1 checkpoint blockade immunotherapy 
within the breast cancer model both in vitro 
and in vivo [14]. Evaluating body composition 
from density and volume aspects facilitates the 
analysis of the associated phenotype of HCC 
patients [14]. 

In our cohorts, we observed that HCC patients 
with a low SAT volume index and high SAT den-

sity were more likely to have a poor response 
and poor prognosis with the combination thera-
py. Several hypotheses might explain this find-
ing. First, a low SAT volume and a high SAT den-
sity are correlated with the depletion of adipose 
tissue [15]. Unlike visceral adipose tissue, sub-
cutaneous fat is the physiological buffer for 
excess energy intake and effectively stores 
excess lipids [15, 16]. SAT can also produce 
leptin, which favorably inhibits insulin activity 
[17], while insulin together with insulin-like 

Table 4. Univariate analysis of clinical characteristics for overall survival using the Cox proportional 
hazards model in BCLC stage C patients (n = 37)
Parameters Univariate analysis P value
Age (years)≥ 60 vs. < 60 1.142 (0.405, 3.220) 0.801
Sex Male vs. Female 0.412 (0.116, 1.1462) 0.170
BMI (kg/m2) ≥ 25 vs. < 25 1.019 (0.321, 3.327) 0.975
ECOG performance 1 versus 0 1.715 (0.619, 4.753) 0.299
HBV infection Yes vs. No 0.466 (0.159, 1.369) 0.165
HCV infection Yes vs. No 4.141 (1.136, 15.088) 0.031*
Child-Pugh score B vs. A 3.754 (0.418, 33.727) 0.238
AFP (ng/mL) ≥ 400 vs. < 400 2.674 (0.848, 8.428) 0.093
Vascular invasion Yes vs. No 0.395 (0.110, 1.422) 0.155
Extrahepatic spread Yes vs. No 2.335 (0.828, 6.857) 0.109
SAT volume index (cm2/m2) High vs. Low 0.539 (0.183, 1.594) 0.264
SAT CT value (HU) High vs. Low 2.931 (0.921, 9.324) 0.069
Group High risk vs. Low risk 4.272 (1.405, 12.985) 0.01*
Abbreviations: BCLC: Barcelona Clinic Liver Cancer; BMI: Body mass index; HBV: chronic viral hepatitis B infection; HCV: hepati-
tis C infection; HU: Hounsfield unit; SAT: subcutaneous adipose tissue. *P < 0.05.

Table 5. Comparison of demographic and clinical characteristics between the high risk and low risk 
groups

Parameters Patients in the high risk 
group (n = 21)

Patients in the low risk 
group (n = 35) P value

Age, years (median, IQR) 54.00 (48.00, 63.50) 62.00 (54.00, 70.00) 0.052
Sex (Male) n (%) 20 (95.2) 30 (85.7) 0.503
BMI kg/m2 (median, IQR) 22.05 (20.39, 23.35) 23.94 (22.81, 25.10) 0.002**
ECOG performance, n (%) (0) 14 (66.7) 26 (77.3) 0.178
HBV infection n (%) 19 (90.5) 25 (71.4) 0.162
HCV infection n (%) 0 (0) 5 (14.3) 0.183
Child-Pugh score n (%) (A) 19 (90.1) 35 (97.1) 0.646
AFP ng/mL (< 400) 8 (38.1) 23 (65.7) 0.056
BCLC stage n (%) (C) 16 (76.2) 21 (60.0) 0.343
Vascular invasion, n (%) (0) 3 (14.3) 15 (42.9) 0.055
Extrahepatic spread, n (%) 7 (33.3) 14 (40) 0.777
SAT volume index cm2/m2 (median, IQR) 25.85 (18.74, 29.83) 47.06 (40.20, 60.21) 0.001
SAT CT value HU (median, IQR) -88.50 (-90.0, -80.01) -100.6 (-103.4, -95.20) 0.001
Abbreviations: BCLC: Barcelona Clinic Liver Cancer; BMI: body mass index; HBV: hepatitis B virus; HCV: hepatitis C virus; HU: 
Hounsfield unit; SAT: subcutaneous adipose tissue. **P < 0.01.
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growth factor represents a growth factor that 
causes tumor development and invasion [18]. 
In addition, a higher SAT density may be related 
to the activation of brown adipose tissue (BAT) 
[19]. BAT is richly vascularized and associated 
with the overexpression of VEGF [20]. In addi-
tion to its essential effect on HCC occurrence 
and progression, VEGF overexpression could 
associate with a poor response to lenvatinib 
[21-23]. Besides, the proinflammatory state 
may also explain the increased adipose tissue 
density, which has the features of inflam- 
matory cell infiltration and fibrosis [24, 25]. 
Furthermore, high adipose tissue density is 
also associated with the decreased expression 
of anti-inflammatory factors [26]. Thus, these 
findings indicate that patients with a low SAT 
density may have impaired immune function 
that promotes oncogenesis, which could con-
tribute to the poor response of patients with 

HCC treated with combination therapy in our 
study.

Our findings conformed to those of prior publi-
cations, which showed that a low SAT volume 
might represent an energy exhaustion status in 
HCC patients and predict a poor outcome [5, 6, 
27]. SAT volume and CT density could be easily 
measured with basic image viewer software, 
and only a non-contrast CT scan is needed. 
Thus, this evaluation could also be easily inte-
grated into the routine follow-up of patients 
during treatment, and strategies might be tai-
lored to individual conditions to improve sur-
vival and minimize suffering. 

Our study is subject to certain limitations. First, 
this study had a small sample size. Second, due 
to the retrospective nature of this study, some 
patients lacked CT examination with sufficient 

Figure 6. Changes in SAT density during the combi-
nation treatment. Abbreviations: HU: Hounsfield unit; 
SAT: subcutaneous adipose tissue; CT: computer to-
mograply.

Figure 7. Changes in SAT volume index during the 
combination treatment. Abbreviations: SAT: subcuta-
neous adipose tissue; CT: computer tomograply.
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image quality or follow-up and therefore had to 
be excluded from our research, which may 
cause a selection bias. In addition, the mecha-
nism related to the relationship between SAT 
and the response to combination therapy 
remains unclear, and further experimental 
studies are needed to help better understand 
these aspects.

Conclusion

HCC patients with a low SAT volume index and 
high SAT density may represent a unique sub-
group that has a low likelihood of response with 
lenvatinib plus anti-PD-1 antibody combination 
treatment and a poor prognosis.
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