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Simple Summary: Research on the clinical impact of body composition parameters, such as myosteato-
sis, in patients with hepatocellular carcinoma (HCC) is limited. Our study examined the effects of
computed tomography-based body composition measurements and traditional risk factors on the
survival outcomes of sorafenib-treated HCC patients. Myosteatosis, evaluated using Hounsfield units,
is associated with unfavorable survival outcomes, independent of traditional risk factors including
vascular invasion, extrahepatic metastasis, and high alpha-fetoprotein levels. Two or more of these
risk factors are associated with adverse outcomes. Thus, myosteatosis could serve as a prognostic
factor in sorafenib-treated HCC patients.

Abstract: The role of body composition parameters in sorafenib-treated hepatocellular carcinoma
(HCC) patients is still not fully elucidated. Here, we aimed to evaluate the impact of computed
tomography (CT)-based body composition parameters on the survival of such patients. In this
multicenter study, we analyzed the data of 245 sorafenib-treated HCC patients from January 2008 to
December 2019. Sarcopenia, visceral obesity, and myosteatosis were defined by using cross-sectional
CT images at the third lumbar vertebra level. The effects of these parameters on overall survival (OS)
and progression-free survival (PFS) were evaluated. The median age was 67.0 years (interquartile
range: 61.0-78.0 year), and 211 patients (86.1%) were male. The median OS and PFS were 7.9 months
and 4.8 months, respectively. Vascular invasion (hazard ratio (HR), 1.727; 95% confidence interval
(CI), 1.258-2.371; p = 0.001), extrahepatic metastasis (HR, 1.401; 95% ClI, 1.028-1.908; p = 0.033),
alpha-fetoprotein level > 200 ng/mL (HR, 1.559; 95% ClI, 1.105-2.201; p = 0.012), and myosteatosis
(HR, 1.814; 95% CI, 1.112-2.960; p = 0.017) were associated with OS. Patient mortality was significantly
higher in the group with two or more risk factors than in the group with fewer risk factors. In conclu-
sion, myosteatosis may be a novel prognostic CT-based radiological biomarker in sorafenib-treated
HCC patients.
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1. Introduction

Hepatocellular carcinoma (HCC) has been reported to have the third-highest cancer-
related mortality and sixth-highest cancer incidence worldwide [1]. HCC prognosis is
classified according to the tumor characteristics, performance status, and liver function,
including that classified using the Barcelona Clinic Liver Cancer (BCLC) staging system [2].
Patients with BCLC-0/ A stage HCC have a median overall survival (OS) > 5 years, whereas
those with BCLC-C stage HCC have a poorer prognosis, with median OS < 2 years [3].

Sorafenib (Nexavar; Bayer HealthCare, Leverkusen, Germany), an oral multi-tyrosine
kinase inhibitor (TKI), has been widely used as a first-line systemic treatment for BCLC-
C stage HCC classified as Child-Turcotte-Pugh (CTP) A or B, favorable performance
status 1 or 2, portal vein thrombosis, and extrahepatic metastasis [2]. Despite the advent
of atezolizumab and bevacizumab, sorafenib remains the first-line systemic therapy in
cases with contraindications to atezolizumab and bevacizumab [3]. Given that the OS for
sorafenib-treated HCC patients was 15.6-20.1 months for those with BCLC-B stage and
8.4-13.6 months for those with BCLC-C stage in real-world data, it is necessary to discover
a novel prognostic factor and establish a risk model for individualized treatment [4,5].
Previous studies on prognostic factors for mortality in sorafenib-treated HCC patients have
focused on tumor-associated factors, including extrahepatic metastasis, vascular invasion,
high alpha-fetoprotein levels, and unfavorable liver function [6-8].

Computed tomography (CT)-based body composition parameters, including skeletal
muscle mass, visceral adipose tissue (VAT), and subcutaneous adipose tissue (SAT), are
emerging as potential prognostic factors for HCC treated with sorafenib [8-12]. Using
body composition parameters, sarcopenia and high VAT have been reported as prognostic
factors for mortality in sorafenib-treated patients with HCC [8,10,12,13]. Although muscle
tissue generally contains only small amounts of adipose tissue, excessive accumulation
of adipose tissue from abundant VAT may be considered a pathological feature termed
myosteatosis. Myosteatosis can be easily detected in the mean density of muscle tissues
using Hounsfield units (HUs) from CT. Unlike sarcopenia, which refers to a reduction in
muscle mass, myosteatosis involves a decrease in muscle quality and is therefore considered
to be an indicator of muscle function [14]. Recently, myosteatosis was shown to reflect low
muscle function and contribute to prolonged muscle degradation, leading to unfavorable
clinical outcomes in HCC [9,15]. However, no studies have investigated the prognostic
value of these four body composition parameters for mortality in sorafenib-treated patients
with HCC. Moreover, studies on the effect of myosteatosis on mortality in sorafenib-treated
HCC patients are lacking.

In the present study, we retrospectively evaluated sarcopenia, visceral obesity using
the visceral-to-subcutaneous adipose ratio (VSR), and myosteatosis using HUs and aimed
to investigate the impact of the four body composition parameters on the survival of
sorafenib-treated HCC patients.

2. Materials and Methods
2.1. Study Population

The medical records of patients were primarily collected by representatives from each
institution (M.K.K,, J.E.S., Y.R.L., and B.K]J.) and reviewed by other researchers at each
hospital. A total of 440 HCC patients treated with sorafenib between January 2008 and
December 2019 at four tertiary hospitals in Daegu, South Korea, were included. Enrolled
patients were based on patients taking sorafenib orally at 400 mg twice daily, with a
minimum dose of 400 mg per day. The exclusion criteria were as follows: combination
therapy (n = 24); other systemic therapies including lenvatinib or regorafenib (n = 6);
duration of sorafenib treatment < 2 months (n = 35); unavailability of initial CT scan files
(n = 18); 2- or 3-month follow-up loss (1 = 31) based on medical records; and inadequate
data (1 = 81). Ultimately, 245 patients were included in this study (Figure 1). The end date
for mortality follow-up was December 2021.
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440 HCC patients treated with sorafenib
between January 2008 and December 2019

/ 24 with combination therapy \

6 with other TKI therapy
35 with short treatment duration of
— sorafenib (< 2 months)
18 without initial CT scan files
31 without 2- or 3-months follow-up

\ 81 without adequate data /

245 enrolled patients of the study

Figure 1. Study selection flowchart.

This study was conducted in accordance with the ethical guidelines of the Helsinki
Declaration of 1975, as revised in 2013. Owing to the retrospective nature of our study,
the requirement for written informed consent from the patients was waived by the ethics
committees of the four hospitals. The study protocol was approved by the Institutional
Review Board of Yeungnam University Hospital (IRB No. 2021-08-029).

2.2. Assessment of Clinical Data

We retrospectively collected and reviewed the patients” medical records covering
anthropometric and epidemiological data, clinical characteristics, and laboratory and
radiological data from each designated hospital. All data were based on values obtained
at least 1 month prior to sorafenib administration. According to the guidelines of the
European Association for the Study of the Liver, HCC was diagnosed based on typical
radiological features using liver-specific dynamic CT or gadoxetic acid disodium-enhanced
magnetic resonance imaging (MRI) [16]. Treatment response was assessed by experienced
radiologists using the Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria
of the first follow-up CT at 2 or 3 months [17]. An objective response was defined as a
combination of complete and partial responses, and disease control was defined as an
objective response with stable disease [17].

2.3. Assessment of Body Composition Data

Representatives from each institution (M.K.K,, J.E.S., YR.L., and B.KJ.) evaluated
the body composition parameters, including skeletal muscle, visceral and subcutaneous
adipose tissue, and myosteatosis based on cross-sectional images of the third lumbar (L3)
vertebra on abdominal CT. L3 body composition images were extracted using a picture
archiving and communication system (Centricity, GE Healthcare, Chicago, IL, USA). The
area of each body composition was calculated using well-validated, neural network-based,
automated body composition analysis software (Automated Muscle and Adipose Tissue
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Composition Analysis (AutoMATICA) https:/ /gitlab.com/Michael Paris/AutoMATICA;
assessed on 5 November 2021) using a brush tool [18].

The skeletal muscle area (SMA) was quantified as the sum of the intra-abdominal
muscles, based on tissue-specific standard HU thresholds of —29 to 150. The VAT area was
quantified as the area of adipose tissue surrounding the internal skeletal muscles, excluding
intra-abdominal organs such as the liver, kidneys, and intestine, based on standard HU
thresholds of —150 to —50. The SAT area was quantified as the area of adipose tissue
between the border of the skeletal muscles and the line of the abdominal skin, based
on standard HU thresholds of —190 to —30. Inter/intra-muscular adipose tissue (IMAT)
was quantified as fat deposition in the intra-abdominal muscle, based on standard HU
thresholds of —190 to —30 (Figure 2).

Figure 2. Cross-sectional abdominal computed tomography (CT) images at the L3 level. (A) Unen-
hanced (B) CT image with four body composition parameters applied using AutoMATICA software
(skeletal muscle area, red; visceral adipose tissue area, yellow; subcutaneous adipose tissue area, blue;
intermuscular adipose tissue, green).

The indices (cm?/m?) of the SMA, VAT, and SAT areas were defined as the skeletal
muscle index (SMI), visceral adipose tissue index (VATI), and subcutaneous adipose tissue
index (SATT), that is, the area of each body composition (cm?) divided by height squared
(m?). Sarcopenia was defined as SMI < 50 cm?/m? and <39 cm?/m? in men and women, re-
spectively [19]. Visceral obesity was defined as VSR > 1.33 for men and >0.93 for women [9].
Myosteatosis was defined as mean HUs of IMAT < 41 HUs and <33 HUs in patients with
BMI < 25 kg/m? and >25 kg/m?, respectively [20].

2.4. Study Outcomes

The primary and secondary endpoints were OS and PFS, respectively. OS was defined
as the time from the first sorafenib administration to death or the last follow-up visit. PFS
was defined as the time from the first sorafenib administration to radiological progression.
Furthermore, we investigated the effect of body composition as an independent prognostic
factor for mortality in sorafenib-treated patients with HCC.

2.5. Statistical Analysis

Continuous data are presented as medians with interquartile ranges (IQRs) after
testing for normality. Categorical data are presented as numbers and percentages. Using
the Kaplan—-Meier method, the survival curve of each body composition parameter and
additional predictive power according to the number of risk factors were implemented.
The prognostic factors for OS and PFS in sorafenib-treated HCC patients were assessed
using a Cox proportional regression model with the backward selection method. Statistical
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significance was set at p < 0.05. All statistical analyses were performed using R software
(version 4.1.0; R Foundation for Statistical Computing, Vienna, Austria).

3. Results
3.1. Baseline Characteristics

The baseline characteristics of the enrolled patients are summarized in Table 1. In total,
245 sorafenib-treated HCC patients were included in this study. The median age of the
patients was 67 years, and 211 (86.1%) were male. Of the patients, 66 (26.9%) and 75 (30.6%)
had obesity and diabetes mellitus (DM), respectively.

Table 1. Baseline characteristics of enrolled patients.

Enrolled Patients

Variable = 245
Age, year 67.0 [61.0-78.0]
Men, 1 (%) 211 (86.1)

Body mass index, kg/m?
Etiology, 11 (%)
HBV/HCV /Alcohol/other
Comorbidities, 1 (%)
Obesity
Diabetes mellitus
Hypertension
Tumor profiles
Single/multiple, 1 (%)
Largest diameter, mm
Vessel invasion, n (%)
Extrahepatic metastasis, 1 (%)
BCLC stage, 1 (%)

B/C
CTP classification, 1 (%)
A/B
Laboratory profiles
Platelet count, x10°/uL
Aspartate aminotransferase, IU/L
Alanine aminotransferase, IU/L
Serum albumin, g/dL
Prothrombin time, INR
Alpha-fetoprotein, >200 ng/mL, 1 (%)
PIVKA >400 mAU/mL, n (%)
Response at 2-/3-month follow-up, 1 (%)
Complete response
Partial response
Stable disease
Progressive disease
Objective response rate, %
Disease control rate, %
Body composition analyses based on CT
SMI, cm?/m?

VATI, cm?2/m?

SATL., cm?/m?

HU
VSR
Sarcopenia, 1 (%)
Presence of visceral obesity, 1 (%)
Myosteatosis, 1 (%)
Clinical outcomes
Overall survival, months
Progression-free survival, months

22.8[20.9-25.3]
154(62.8)/26 (10.5)/33 (13.4)/32(13.3)

66 (26.9)
75 (30.6)
75 (30.6)

75 (33.5)/149 (66.5)
68.5 [33.0-110.0]
105 (42.9)

122 (49.8)

34 (13.8)/211 (86.2)
231 (94.3)/14 (5.7)

137 [88.5-188.0]
61.0 [40.0-105.0]
31.0 [20.0-50.0]
3.7[3.4-4.1]
1.1[1.1-1.2]
124 (53.0)
111 (55.5)

1(04)
9 (3.7)
113 (46.1)
122 (49.8)
41
50.2

49.4 [43.0-58.1]
427 [23.5-62.7]
36.7 [24.6-51.7]
53.7 [48.3-56.6]
1.1 [0.8-1.5]
115 (46.9)
92 (37.6)
22 (9.0)

7.9 [4.1-15.3]
4.8[2.9-9.5]

Values are expressed as the median (interquartile range (IQR)) or 1 (%). HBV, hepatitis B virus; HCV, hepatitis
C virus; BCLC, Barcelona Clinic Liver Cancer; CTP, Child-Turcotte-Pugh; INR, international normalized ratio;
PIVKA, prothrombin induced by vitamin K absence or antagonist-II; CT, computed tomography; SMI, skeletal
muscle index; VATI, visceral adipose tissue index; SATI, subcutaneous adipose tissue index; HU, Hounsfield unit;
VSR, visceral-to-subcutaneous fat ratio.

Regarding tumor profiles, 149 (66.5%) patients had multiple tumor lesions, 105 (42.9%)
had vessel invasion, and 122 (49.8%) had extrahepatic metastasis. The most common BCLC
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stage was C (86.2%), followed by B (13.8%). Of the patients, 231 (94.3%) and 14 (5.7%) were
classified as CTP classes A and B, respectively. Regarding laboratory profiles, 124 (53.0%)
and 111 (55.5%) patients had alpha-fetoprotein (AFP) levels > 200 ng/mL and protein
induced by vitamin K absence or antagonist-II levels > 400 mAU/mL, respectively. After
2 or 3 months of follow-up, the number of patients who achieved complete response, partial
response, stable disease, and progressive disease were 1 (0.4%), 9 (3.7%), 113 (46.1%), and
122 (49.8%), respectively. The objective response and disease control rates were 4.1% and
50.2%, respectively.

Regarding body composition analyses, the median SMI, VATI, HUs, and VSR were
49.4 cm?/m?, 42.7 cm? /m?, 53.7 HUs, and 1.1, respectively. The prevalences of sarcopenia,
visceral obesity, and myosteatosis were 46.9%, 49.8%, and 9.0%, respectively. The median OS and
PES were 7.9 months (IQR, 4.1-15.3 months) and 4.8 months (IQR, 2.9-9.5 months), respectively.

3.2. Impact of Body Composition on Survival in Sorafenib-Treated HCC Patients

Based on the body composition analysis, including sarcopenia, visceral obesity, and
myosteatosis, we assessed the survival curves of OS and PFS in sorafenib-treated HCC
patients (Figure 3).

g o
g o0

8
g

Probability of overall survival (%)

ooooo

Time (months) Voo (montn)

Figure 3. Survival plots (A-F) according to the body composition parameters in hepatocellular
carcinoma patients treated with sorafenib; (A, D) survival plots according to the presence of sarcopenia;
(B,E) survival plots according to the presence of visceral obesity; (C,F) survival plots according to the
presence of myosteatosis.

Compared with patients without sarcopenia, those with sarcopenia were more likely
to be male (76.2% vs. 97.4%, p < 0.001) and have a lower BMI (23.4 [21.4-25.8] vs.
22.4[20.3-24.3] kg/ m?, p = 0.023). Sarcopenia had no significant effect on OS (p = 0.276) or
PFES (p = 0.291). The 6-, 12-, 18- and 24-month OS rates in the non-sarcopenic group were
60.0%, 30.0%, 15.4%, and 8.5%, respectively, and 59.1%, 33.0%, 20.9%, and 16.5% in the
sarcopenic group, respectively. Compared with patients without visceral obesity, those
with obesity were older (65.0 [57.0-75.0] vs. 71.0 [63.5-79.0] years, p < 0.001) and were
more likely to be female (6.2% vs. 25.3%, p < 0.001). The presence of visceral obesity was
associated with significantly poorer OS than the absence of visceral obesity (p = 0.023). The
6-, 12-, 18- and 24-month OS rates in the non-visceral obesity group were 64.7%, 36.6%,
21.6%, and 14.4%, respectively, and 51.1%, 22.8%, 12.0%, and 8.7% in the visceral obesity
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group, respectively. However, visceral obesity had no statistically significant effect on PFS
(p =0.186).

Compared with patients without myosteatosis, those with myosteatosis were older
(67.0[60.0-75.5] vs. 78.5 [65.0-82.0] years, p = 0.003) and had unfavorable survival outcomes
for OS (p = 0.043) and PFES (p = 0.049). The 6-, 12-, 18- and 24-month OS rates in the non-
myosteatosis group were 61.0%, 31.8%, 19.3%, and 13.0%, respectively, and 45.5%, 27.3%,
4.5%, and 4.5% in the myosteatosis group, respectively. Additionally, the 6-, 12-, 18- and
24-month PFS rates in the non-myosteatosis group were 42.6%, 19.3%, 13.9%, and 9.4%,
respectively, and 22.7%, 9.1%, 4.6%, and 0% in the myosteatosis group, respectively.

3.3. Factors Associated with Survival in HCC Patients Treated with Sorafenib

We investigated the association between body composition parameters and survival
in sorafenib-treated HCC patients, independent of classic risk factors (Table 2). In the Cox
proportional hazard regression analysis, the presence of vessel invasion (hazard ratio (HR),
1.727; 95% confidence interval (CI), 1.258-2.371; p = 0.001), extrahepatic metastasis (HR,
1.401; 95% CI, 1.028-1.908; p = 0.033), and AFP level > 200 ng/mL (HR, 1.559; 95% (I,
1.105-2.201; p = 0.012) were independent tumor-related risk factors for OS. Furthermore,
visceral obesity (HR, 1.478; 95% CI, 1.062-2.057; p = 0.021) and myosteatosis (HR, 1.814;
95% CI, 1.112-2.960; p = 0.017) were significant predictive factors for OS in patients treated
with sorafenib.

Table 2. Factors associated with survival outcome in patients with hepatocellular carcinoma treated
with sorafenib.

Overall Survival Progression-Free Survival
Variables Univariate Multivariate Univariate Multivariate
p-Value HR 95% CI p-Value p-Value HR 95% CI p-Value
Age, years 0.677 0.729
Male 0.354 0.657
Obesity 0.534 0.909
Diabetes mellitus 0.878 0.397
Hypertension 0.928 0.777
Tumor number, 0.249 0.064
multiple vs. single
Tumor size > 70 mm 0.001 0.029
Vessel invasion <0.001 1.727 1.258-2.371 0.001 0.011 1.480 1.104-1.982 0.009
Extrahepatic metastasis 0.081 1.401 1.028-1.908 0.033 0.009 1.456 1.092-1.940 0.011
CTP classification, B vs. A 0.045 0.336
AFP > 200 ng/mL 0.003 1.559 1.105-2.201 0.012 0.093 1.395 1.036-1.879 0.028
PIVKA > 400 mAU/mL 0.272 0.992
Sarcopenia, yes/no 0.276 0.291
Visceral adiposity 0.023 1.478 1.062-2.057 0.021 0.186
Myosteatosis 0.043 1.814 1.112-2.960 0.017 0.049 1.732 1.085-2.767 0.021

HR, hazard ratio; CI, confidence interval; CTP, Child-Turcotte-Pugh; AFP, alpha-fetoprotein; PIVKA, prothrombin
induced by vitamin K absence or antagonist I1I.

In addition, the presence of vessel invasion (HR, 1.480; 95% CI, 1.104-1.982; p = 0.009),
extrahepatic metastasis (HR, 1.456; 95% CI, 1.092-1.940; p = 0.011), and AFP level > 200 ng/mL
(HR, 1.395; 95% CI, 1.036-1.879; p = 0.028) were independent tumor-related risk factors for
PFS. Compared with the risk factors for OS, myosteatosis (HR, 1.732; 95% CI, 1.085-2.767;
p = 0.021) was the only reliable body composition factor associated with PFS in those treated
with sorafenib.

3.4. The Adequate Number of Significant Prognostic Factors for Predicting Survival in
Sorafenib-Treated HCC Patients

Among the three body composition variables, only myosteatosis was a prognostic
factor for two survival outcomes, OS and PFS, in sorafenib-treated HCC patients with
HCC. Therefore, we performed a survival analysis to compare mortality according to four
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verified risk factors (vessel invasion, extrahepatic metastasis, AFP level > 200 ng/mL, and
myosteatosis) using multivariate analysis. As the number of risk factors increased, the
1-year OS and PFS rates of the patients significantly decreased (no risk factors, 52.2% and
43.5%; one risk factor, 42.1% and 22.1%; two risk factors, 20.7% and 12.5%; three and four
risk factors, 17.5% and 11.3%, respectively) (all p < 0.0001) (Figure 4).
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Figure 4. Survival plots according to the increased number of four risk factors including vessel
invasion, extrahepatic metastasis, alpha-fetoprotein level > 200 ng/mL, and myosteatosis. (A) Overall
survival and (B) progression-free survival.

To explore the additional predictive performance of risk factors in terms of survival,
we classified the patients into two groups: a low-risk group with <2 risk factors and a
high-risk group with >2 risk factors. Compared with the low-risk group, the high-risk
group were younger (70.0 [62.0-79.0] vs. 65.0 [58.0-74.0] years, p = 0.004) and more likely to
be female (18.9% vs. 8.5%, p = 0.003). The 6-, 12-, 18- and 24-month OS rates in the low-risk
group were 71.2%, 44.1%, 28.0%, and 17.8%, respectively, and 48.8%, 19.7%, 8.6%, and 7.1%
in the high-risk group, respectively. The 6-, 12-, 18- and 24-month PFS rates in the low-risk
group were 52.5%, 26.3%, 20.3%, and 13.6%, respectively, and 29.9%,11.0%, 5.5%, and 3.9%
in the high-risk group, respectively. Consequently, the high-risk group had a significantly
worse survival prognosis than the low-risk group (all p < 0.0001) (Figure 5).
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Figure 5. Survival plots between the high-risk group (>2 risk factors) and low-risk group (<2 risk
factor). (A) Overall survival and (B) progression-free survival.
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4. Discussion

Based on the analysis of the four body composition parameters, we found that visceral
obesity was associated with unfavorable OS outcomes in sorafenib-treated HCC patients.
Furthermore, we found that myosteatosis was associated with poor prognostic factors
for survival in sorafenib-treated HCC patients, independent of traditional risk factors,
including vascular invasion, extrahepatic metastasis, and AFP levels > 200 ng/mL. Using
four shared risk factors for OS and PFS, we demonstrated that patients with more than two
risk factors had worse prognosis than those without. Our results suggest the applicability of
myosteatosis as a novel CT-based body composition prognostic factor in sorafenib-treated
HCC patients.

Recent studies revealed the role of myosteatosis as a prognostic factor in Japanese
patients with HCC [9,15,21]. However, evidence of an association between myosteatosis and
mortality in sorafenib-treated HCC patients is lacking. Fujiwara et al. demonstrated that
intramuscular fat deposition (i.e., myosteatosis) predicts mortality in a large-scale cohort of
patients with HCC [9]. However, the proportion of enrolled patients with BCLC-C stage
was approximately 4%, which differed from the 86.2% proportion in our study. Two studies
have shown that myosteatosis is predictive of unfavorable outcomes after hepatectomy
in patients with HCC [15,21]. In a meta-analysis, myosteatosis was a prognostic factor
for poor OS in patients with HCC (HR: 1.88; 95% CI, 1.40-2.52; p < 0.0001) but was not
evaluated for poor PFS [22]. We found that myosteatosis had an approximately two-fold
HR for both OS and PFES. Another study demonstrated that myosteatosis is associated with
the probability of predicting OR and treatment failure in patients with advanced HCC
treated with immune hepatic artery infusion chemotherapy [23]. Contrary to previous
studies, our study had practical considerations as a multicenter cohort study to determine
the impact of myosteatosis on sorafenib-treated HCC patients, independent of traditional
prognostic factors.

Compared with myosteatosis, visceral obesity is a relatively well-known prognostic
factor for predicting mortality in HCC patients [9,12,13,15,24]. Some studies have revealed
an association between visceral obesity and unfavorable clinical outcomes after hepate-
ctomy in HCC patients [9,15,24]. However, studies on the effects of visceral obesity in
sorafenib-treated HCC patients are controversial because of the discordance in the defini-
tion of visceral fat. Similar to our results, Nault et al. demonstrated that high visceral fat
area was associated with worse OS in patients with advanced HCC treated with TKIs [12].
Saeki et al. demonstrated that the absence of muscle depletion with a high visceral fat
area was a significant predictor of survival in sorafenib-treated patients with advanced
HCC [13]. However, a Dutch study with more patients showed that a high visceral fat area
was not associated with impaired survival, independent of known prognostic factors, in
sorafenib-treated HCC patients [11]. Contrary to the results of previous studies, visceral
obesity was identified as a sex-specific coefficient of variance (COV) of VSR in the current
study. The rationale for applying visceral obesity using VSR and the pathophysiological
mechanisms of myosteatosis and visceral obesity in patients with HCC are as follows.

Adipose tissue, a secretory organ that produces various adipokines and pro- and
anti-inflammatory cytokines, is classified as VAT or SAT according to the distribution of fat
in the abdomen [25-27]. Cytokine imbalance plays an important role in pathophysiological
processes, including insulin resistance (IR), chronic inflammation, and alterations in glucose
and lipid metabolism [25-27]. Previous studies have shown that cytokine production
profiles differ between VAT and SAT; VAT produces pro-inflammatory cytokines, including
interleukin 6 and tumor necrosis factor-alpha, whereas SAT secretes anti-inflammatory
cytokines, including adiponectin [28,29]. Compared with the measurement of VAT alone,
the measurement of VSR may be a method to adjust the conflicting cytokine balance.

Furthermore, surplus VAT is associated with immune dysfunction through the dysreg-
ulation of increased leptin and decreased adiponectin levels, the activation of immune cells,
and alteration of cell-mediated immune responses [28]. Some studies have shown that
leptin has oncogenic activity via activation of the PI3K/ Akt pathway and signal transducer
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and activator of transcription (STAT) 3 and STAT5 in tumor cells, whereas adiponectin
inhibits leptin-associated pathways [25,30]. These results suggest that visceral obesity may
worsen the prognosis of patients with HCC.

Although the putative mechanism underlying myosteatosis in HCC is not fully under-
stood, the association between myosteatosis and visceral obesity is a possible mechanism.
Due to the limited expandability of adipose tissue, excessive fat accumulates in skele-
tal muscle. Myosteatosis is closely associated with chronic inflammation and prolonged
IR, leading to mitochondrial dysfunction, myocellular apoptosis, and muscle degrada-
tion [31]. Altered myokines may affect the abnormal secretion of leptin and adiponectin
via adipokine-myokine crosstalk, leading to increased oncogenic activity.

Sarcopenia may be a prognostic factor for TKI-treated HCC patients [8,10,32,33]. In
a recent meta-analysis, TKI-treated patients with sarcopenia, including treatment with
sorafenib or lenvatinib, had lower OS than those without, contrary to our results (HR,
2.24; 95% CI, 1.60-3.14, p < 0.001) [33]. Our views on the conflicting results regarding
sarcopenia are as follows. A previous study revealed that adipose tissue regulation occurs
in the initial stage of cancer-associated cachexia, prior to sarcopenia [34]. Sarcopenia is a
prognostic factor for mortality in patients with end-stage liver disease such as decompen-
sated cirrhosis, whereas adipopenia is related to mortality in patients with compensated
cirrhosis [19,35]. Considering that sorafenib-treated HCC patients have preserved liver
function and favorable performance status, they might have been placed in a favorable
nutritional condition far from muscle depletion of the exacerbating catabolic state. Addi-
tionally, selection bias, discordance in the definition of sarcopenia using different COVs,
and the application of different body composition parameters may have affected these
conflicting findings. In another study that applied various body composition parameters,
including visceral obesity and myosteatosis, sarcopenia was not associated with OS in
sorafenib-treated HCC patients, which is consistent with our study [11].

Careful interpretation is required owing to the limitations of the present study. First,
owing to its cross-sectional, retrospective Korean population cohort design, it is difficult
to determine the causality between body composition parameters and clinical outcomes
and to generalize the results to all HCC patients. Further large multinational prospective
studies are required to confirm the causal impact of body composition parameters on HCC
patients. Second, there is a possibility of selection bias owing to the enrolled patients who
had been treated with sorafenib for >2 months and had an evaluated treatment response
after 2-3 months. Although the effect of sarcopenia may have been underestimated because
of the possibility that relatively favorable patients were included, we plan to investigate the
effect of body composition parameters in future longitudinal studies. Third, Asian COVs
for sarcopenia were not applied because they were satisfied by only two women. How-
ever, given that sorafenib-treated HCC patients have a favorable general condition with
preserved liver function, myosteatosis and visceral obesity were preferentially associated
with worse outcomes in the initial catabolic status prior to sarcopenia. Further large-scale
longitudinal cohort studies using specific ethnic COVs as body composition parameters
are required. Fourth, the software AutoMATICA utilizes neural networks to analyze body
composition. However, its accuracy in body composition segmentation may be affected
by the patient’s general condition. In a comparison with conventional manual analysis
software (Slice-O-Matic software (v.4.3; Tomovision, Montreal, QC, Canada)), AutoMATICA
showed a high Dice similarity coefficient (DSC) of over 0.9 for IMAT. However, in critically
ill patients, including those in the intensive care unit and those with decompensated liver
cirrhosis and ascites, IMAT showed lower DSC (0.55-0.69) than conventional software [18].
It is important to note that sorafenib-treated HCC patients are mostly compensated liver
cirrhosis patients with good performance status, so it can be assumed that they will have
good performance scans. Future studies are needed to improve the accuracy of automatic
imaging analysis in larger cohorts. Fifth, due to the low prevalence of myosteatosis (9%),
the statistical power of the parameter may be weak. However, in a meta-analysis, the
prevalence of myosteatosis ranged from 11% to 85%. The authors acknowledge that the
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cut-points of myosteatosis and the severity of the patient can influence the variation [22].
Given the lack of consensus on the definition of myosteatosis in the field of oncology, fur-
ther large-scale studies are warranted. Finally, we were unable to establish an association
between myosteatosis and nutritional status due to the lack of results for prealbumin and
transferrin in the study. This study found no correlation between myosteatosis and serum
albumin levels (rs by Spearman’s correlation = —0.08, p = 0.221). Future studies are needed
to elucidate the association between laboratory tests reflecting nutritional status and body
composition parameters in cancer patients.

5. Conclusions

Notwithstanding the aforementioned limitations, we are the first group to reveal the
effect of myosteatosis on mortality in sorafenib-treated HCC patients using four body com-
position parameters. Thus, myosteatosis may be a novel prognostic CT-based radiological
biomarker for previously established mortality-independent risk factors. Additionally, we
have presented evidence for the establishment of a new prediction-based model using a
combination of classic risk factors, including myosteatosis. Through external validation and
molecular studies in a prospective study, a novel body composition-based prediction model
for clinical outcomes and the discovery of putative molecular mechanisms of myosteatosis
in patients with HCC is required.
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