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Abstract

Introduction: Sarcopenia is an adverse prognostic factor in
patients with liver cirrhosis and hepatocellular carcinoma
(HCQ). Image-based sarcopenia assessment allows a stan-
dardized method to assess abdominal skeletal muscle.
However, which is an index muscle for sarcopenia remains
unclear. Therefore, we investigated whether sarcopenia
defined according to different muscle groups with com-
puted tomography (CT) scans can predict the prognosis of

HCC after radioembolization. Methods: In this retrospective
study, we analyzed patients who underwent radio-
embolization for unresectable HCC between January 2010
and December 2019. Before treatment, the total abdominal
muscle (TAM), psoas muscle (PM), and paraspinal muscle
(PS) areas were evaluated using a single CT slice at the third
lumbar vertebra. In previous studies, sarcopenia was de-
termined using the TAM, PM, and PS after stratifying by sex.
Finally, we investigated each muscle-defined sarcopenia to
decide whether or not it can serve as a prognostic factor for
overall survival (OS). Results: We included 92 patients (74
men and 18 women). TAM, PM, and PS areas were signifi-
cantly higher in the men than in the women (all p < 0.05).
The patients with sarcopenia defined using PM, but not TAM
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and PS, exhibited significantly poorer OS than those without
sarcopenia (median 15.3 vs. 23.8 months, p = 0.034, 0.821,
and 0.341, respectively). After adjustment for clinical vari-
ables, such as body mass index, liver function, alpha-
fetoprotein level, clinical staging, treatment response, and
posttreatment curative therapy, PM-defined sarcopenia
(hazard ratio: 1.899, 95% confidence interval: 1.087-3.315)
remained an independent predictor for the poor OS.
Conclusion: CT-assessed sarcopenia defined using PM was
an independent prognostic factor for the poorer prognosis
of unresectable HCC after radioembolization.

© 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the sixth most
commonly diagnosed cancer and the fourth leading cause
of cancer deaths worldwide [1]. The Barcelona Clinic
Liver Cancer (BCLC) staging system stratifies patients
with HCC into very early, early, intermediate, advanced,
and terminal stages, with the 5-year survival rates of
40-70%, 14-45%, 6-14%, and 10%, respectively [2].
Because of the limitation of treatment options, trans-
arterial chemoembolization and systemic therapy have
served as first-line treatment for intermediate to ad-
vanced HCC for more than a decade [3]. However, recent
advancements in intra-arterial treatments, such as drug-
eluting beads, radioembolization, and hepatic arterial
infusion chemotherapy, have provided interventional
radiologists with more tools to treat unresectable HCCs
[4]. Radioembolization has demonstrated promising re-
sults in randomized controlled trials [5] and was rec-
ommended by recent practice guidelines for patients with
multiple tumors or vascular invasion [6].

Patients with a large tumor burden or vascular inva-
sion commonly exhibit sarcopenia and cachexia [7]. In
contrast to the complicated and multifactorial criteria of
cachexia, sarcopenia is defined as low muscle mass, de-
creased muscle strength, or poor performance [8]. Sar-
copenia diagnosed based on low muscle mass can be
easily accessed through computed tomography (CT),
which is a standard diagnostic tool for HCC and routinely
used for cancer staging. The total abdominal muscle
(TAM) area of a single CT slice at the third lumbar
vertebra (L3) strongly predicted fat-free mass [9]. Prado
et al. [10] reported that TAM-defined sarcopenia,
<52.4 cm?/m? in men and <38.5 cm?/m? in women after
adjustment for body height (BH), independently
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predicted outcomes for patients with solid tumors of the
respiratory and gastrointestinal tracts and was widely
accepted by many studies.

Hamaguchi et al. [11] used BH-adjusted psoas muscle
(PM) mass of <6.36 cm?/m? for men and <3.92 cm?/m?
for women based on liver donors as criteria for healthy
controls. A study demonstrated that sarcopenia defined
using PM mass with cross-sectional imaging might be an
independent prognostic factor for hepatic malignancy
after intra-arterial therapy [12]. However, this study
enrolled patients with various hepatic malignancies, in-
cluding HCC; intrahepatic cholangiocarcinoma; and
colorectal, neuroendocrine, and other liver metastases.
Other studies conducted in Western countries have in-
dicated that magnetic resonance imaging (MRI)-derived,
paraspinal muscle (PS)-defined sarcopenia (<31.97 cm?
for men and <28.95 cm? for women) might be associated
with mortality and outcomes in patients with HCC re-
ceiving radioembolization [13, 14]. However, the defi-
nition of sarcopenia should be sex and ethnic specific. The
analyses of TAM- and PS-defined sarcopenia are mainly
based on the Western population and the survey of PM-
defined sarcopenia consists of the Eastern people.
Meanwhile, they used different cutoffs for diagnosing
sarcopenia between men and women and various pro-
tocols for measuring muscle mass.

In summary, which muscle group can serve as a
sentinel indicator for sarcopenia remains controversial
[15, 16]. Furthermore, the difference in prognostic pre-
diction among TAM, PM, and PS remains unclear.
Whether the Western criteria can be transferred to the
Eastern population and sarcopenia has a similar effect on
the outcomes between male and female patients are also
unknown. Therefore, we explored whether CT-based
sarcopenia can be used as a prognostic factor for pa-
tients with unresectable HCC after radioembolization
and determined an index for abdominal muscle mass to
assess sarcopenia.

Materials and Methods

Study Population

This study was based on a retrospective and observational
cohort. We enrolled patients who underwent resin-based
yttrium-90 radioembolization for intermediate to advanced
HCCs between January 2010 and December 2019 at National
Taiwan University Hospital (NTUH), a tertiary referral center in
northern Taiwan. We analyzed abdominal CT images within
2 months before radioembolization. Those who had decom-
pensated cirrhosis (Child-Pugh score >7), a high lung shunt
fraction (>20%), an estimated tumor burden of >50% of the liver,
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or had no adequate CT images for analysis were excluded. Be-
cause of the retrospective nature of the study, the requirement of
informed consent was waived. The study protocol followed the
Declaration of Helsinki and was approved by the Institutional
Review Board of NTUH (No. 201805070RIND).

Study Variables

In this study, individuals aged >70 years were termed el-
derly. Patients aged <70 years with a body mass index (BMI) of
<20 kg/m? and those aged >70 years with a BMI of <22 kg/m?
were categorized as reduced BMI according to the European
Society of Clinical Nutrition and Metabolism consensus [17].
Patients who were positive for hepatitis B surface antigen or
hepatitis C antibody were considered to have hepatitis B virus
(HBV)-related HCC and hepatitis C virus (HCV)-related HCC,
respectively. The liver function was evaluated using the
albumin-bilirubin (ALBI) and Model for End-Stage Liver
Disease (MELD) score as follows: loglO total bilirubin
[in pmol/L] x 0.66) + (serum albumin [in g/L] x —0.085 and
9.57 x In(creatinine) + 3.78 x In(total bilirubin) + 11.2 X
In(INR) + 6.43 [18]. The ALBI grades were determined
according to the ALBI scores (1 [-2.60 or lower], 2 [greater
than —2.60 to —1.39, and 3 [greater than —1.39]); only objective
parameters were collected for better evaluation of liver func-
tion than the Child-Pugh score [19]. The tumor burden was
assessed using the maximal tumor size, tumor number, dis-
tribution, and volume. The demographic data of the study
population are presented in Table 1.

Yttrium-90 Radioembolization and Follow-Up

In our hospital, the weekly multidisciplinary meeting, which
included hepatologists, surgeons, medical/radiation oncologists, and
intervention/nuclear medicine radiologists, reviewed the diagnosis
of HCC and determined the indication for radioembolization,
following the recommendations of the European Society for Medical
Oncology and Taiwan Liver Cancer Association (TLCA) [6, 20].
According to the TLCA guideline, the diagnostic criteria of HCC
include arterial phase hyperenhancement and washout in the portal
venous phase under dynamic CT/MRI or tumor biopsy if the
imaging pattern was nontypical [6]. Before radioembolization,
mapping angiography was performed to explore possible extrahe-
patic blood supply to the tumor and nontarget organs. If necessary,
vascular redistribution was achieved through coil embolization.
Then, the intra-arterial administration of technetium 99m-labeled
macroaggregated albumin and subsequent planar and single-photon
emission CT was performed to evaluate lung shunt, detect extra-
hepatic perfusion, and calculate the fraction between the tumor and
normal liver. After evaluation, SIR-spheres (Sirtex Medical, Sydney,
Australia) were applied, and the radiation dose was determined
using the body surface area or partition model. Finally, Brems-
strahlung subsequent planar and single-photon emission CT was
performed to verify target embolization on the second day after
radioembolization. Dynamic CT was routinely arranged 1 month
after radioembolization to evaluate the efficacy of the technique. The
patients then underwent serum biochemistry testing, alpha-
fetoprotein (AFP) level measurement, and CT every 3 months.
The treatment response at 1-month, 4-month, and 7-month follow-
up CT was evaluated according to the modified Response Evaluation
Criteria in Solid Tumors and stratified as complete response (CR),
partial response (PR), stable disease (SD), and progressive disease
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(PD) [21]. Overall survival (OS) was calculated from the date of
yttrium-90 administration to death or final follow-up (June 30,
2021). Progression-free survival (PFS) was determined from the
treatment date to the date of disease progression, death, or final
follow-up. Only the 4-month treatment response was included in
survival analysis because the 1-month evaluation may be too early
for radioembolization, and we usually shift further therapy at the
sixth month.

Imaging Study and Processing

Abdominal CT was performed using a multidetector CT scanner
(Brilliance iCT and Ingenuity CT; Philips Healthcare, Amsterdam,
The Netherlands). Nonenhanced CT images at the L3 level were
analyzed to determine TAM, PM, and PS areas and were processed
on a compatible computer using open-source software (Image]
version 1.51; National Institutes of Health, Bethesda, MD, USA).
Muscle tissues were differentiated by setting Hounsfield units from
unenhanced images based on specific attenuation values (-29, 150),
and contours were obtained using a manual tracing method. A
radiologist (C.-H.W.) with 10 years of experience in abdominal
imaging processed the images based on the method described
previously [22]. TAM, PM, and PS areas were obtained from CT
images (Fig. 1), and TAM and PM indices were calculated as follows:
TAM and PM area/(BH [m])? [10, 11]. Sarcopenia based on TAM
(<52.4 cm?/m? for men and <38.5 cm?/m? for women after BH
adjustment), PM (<6.36 cm?/m? for men and <3.92 cm?/m? for
women after BH adjustment), and PS (<31.97 cm? for men and
<28.95 cm? for women without BH adjustment) was determined by
following the protocols proposed by Prado, Hamaguchi, and
Guichet, respectively [10, 11, 13].

Statistical Analysis

Data were analyzed using Excel 2013 (Microsoft, Redmond,
WA, USA) and R 3.4.3. A p value <0.05 was considered statistically
significant in all statistical analyses. The x> test was used to
compare categorical variables, and the Student’s ¢ test was used to
compare continuous variables. If continuous variables do not
conform to normal distribution, these values were described as
median and interquartile range. The Wilcoxon-Mann-Whitney
test was used to compare the difference between groups, and
Fisher’s exact test was used for an estimated sample size of less than
5. The paired ¢ test was used to compare muscle areas before and
after radioembolization. The Kaplan-Meier method and the log-
rank test were used to estimate OS and PFS. Finally, the Cox
proportional hazards model was used to analyze survival outcomes
in univariate and multivariate analyses.

Results

Patient Characteristics

A total of 94 patients were enrolled. Two patients were
excluded because they had no adequate CT images for
analysis. Finally, we analyzed 92 patients whose non-
enhanced abdominal CT images were successfully pro-
cessed (Fig. 2). Of them, 60 (65.2%) had HBV-related
HCC, 18 (19.6%) had HCV-related HCC, 2 (2.2%) had
HBV/HCV coinfection, and 16 (17.4%) had no evidence
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Table 1. Baseline characteristics of the study population (N = 92)

Variable Value (mean%SD,
median [IQR],
or number [%])

Age, years 65.6+£10.9

Sex Male 74 (80.4)

Female 18 (19.6)

Body weight, kg 64.5+10.6

BH, cm 164.4+7.5

BMI, kg/m? 23.8+3.3

HBV related 60 (65.2)

HCV related 18 (19.6)

Alanine aminotransferase, U/L 49+44

Albumin, g/dL 4.3+0.5

Total bilirubin, mg/dL 0.95+0.55

ALBI grade 1 55 (59.8)

>1 37 (40.2)

MELD sore 8+2

Maximal tumor size, cm 7.5+4.2

Tumor size, cm <5 30 (32.6)

>5 62 (67.4)

Tumor number 1 29 (31.5)

2-5 39 (42.4)
>5 24 (26.1)
Tumor distribution Unilobar 7 (51.1)
Bilobar 45 (48.9)

Total tumor volume, mL 252 (405)

Non-tumor liver volume, mL 1,151+359

AFP, ng/mL <400 52 (56.5)

>400 40 (43.5)

BCLC stage B 52 (56.5)

C 40 (43.5)

ECOG performance status 0 81 (88.0)

1 11 (12.0)

Administered activity (GBQq) 1.47+0.74

Prior therapy 64 (69.6)

1-month objective response 3 (46.7)

4-month objective response 43 (46.7)

7-month objective response 28 (30.4)

Posttreatment curative therapy 9 (20.7)

SD, standard deviation; IQR, interquartile range; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, Model
for End-Stage Liver Disease; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology

Group.

of HBV or HCV infection. Moreover, 87 (94.6%) patients
had Child-Pugh A and 5 (5.4%) had Child-Pugh B liver
cirrhosis, 7 (9.5%) patients had extrahepatic metastasis,
and 38 (41.3%) had vascular invasion. The mean MELD
score was 8. Furthermore, 33 (35.9%) patients underwent
operation, 60 (65.2%) underwent locoregional therapy,
and 11 (12.0%) underwent systemic therapy before
radioembolization. Among 33 patients who underwent
operation, 26 and 7 received open hepatectomy and
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laparoscopic approach, respectively. Four patients un-
derwent liver transplantation, 3 underwent liver resec-
tion, and 14 underwent radiofrequency ablation after
radioembolization. There was a wide range of total tumor
volumes (median: 252 mL, interquartile range: 405 mL)
and the non-tumor liver volume was 1,151 + 359 mL. The
administrated activity was 1.47 + 0.74 GBq with 45 and 47
patients using body surface area and partition models,
respectively (Table 1).
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Fig. 1. CT image reading demonstration of
a 64-year-old man. Unenhanced CT (a) at
the L3 level shows lipiodol retention at
both hepatic lobes, which was analyzed to
determine the (b) TAM, (c) PM, and (d)
PS after image processing. TAM, PM, and
PS areas were 10585, 5443, and
1591 cm?, respectively. CT, computed
tomography; L3, the third lumbar level;
TAM, total abdominal muscle; PM, psoas
muscle; PS, paraspinal muscle.

.| 2 patients had no adequate
CT images for analysis

Y
28 patients were
treatment naive

92 patients were
eligible for analysis

[ &1 patients had 1-month
follow-up CT

.| 80 patients had 4-month
follow-up CT

.| 56 patients had 7-month
follow-up CT

19 patients received
curative therapy after
radioembokzation

Fig. 2. Flowchart of patient enrollment.

Abdominal Muscle Analysis and

Sarcopenia Assessment

Compared with the men, the women had a signifi-
cantly lower TAM area (p < 0.001), lower PM area (p =
0.020), lower PS area (p < 0.001), lower TAM index (p <
0.001), and lower PS index (p = 0.002). By contrast, no
significant difference was observed in the PM index

CT-Defined Sarcopenia in Patients
Receiving Radioembolization

(mean: 6.29 + 3.49 vs. 4.95 + 3.19 cm?/m?, p = 0.140)
between the men and women. Similarly, TAM- and PS-
defined sarcopenia exhibited significant sex differences
(p=0.034 and 0.001) but not PM-defined sarcopenia (p =
0.293; Table 2). Furthermore, PM-defined sarcopenia was
associated only with performance status but not with age,
sex, BMI, albumin, tumor size, number, distribution,
volume, non-tumor liver volume, administrated activity,
and response (Table 3). In contrast, TSM- and PS-defined
sarcopenia were associated with age and sex. The PS-
defined sarcopenia was also associated with weight, BH,
BMI, and albumin.

During follow-up, significant increases were observed
in PM index 1 month after radioembolization
(6.14-7.17 cm?/m?, p = 0.040), but TSM and PS areas and
indices were not. No significant difference in all imaging-
based muscle measurements was noted at 4-month and 7-
month follow-up images (online supplement 2; for all
online suppl. material, see www.karger.com/doi/10.1159/
000529676).

Treatment Response and Survival Analysis

During follow-up, 43, 21, and 17 patients had PR, SD,
and PD on 1-month CT. 6, 37, 15, and 22 patients had PR,
SD, and PD on 4-month CT. 7, 21, 6, and 22 patients had
PR, SD, and PD on 7-month CT. The objective response
rates (CR + PR) were 46.7% (43/92), 46.7% (43/92), and
30.4% (28/92) at the 1-month, 4-month, and 7-month
follow-up CT. The disease control rates (CR + PR + SD)
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Table 2. Areas and indices of the TAM,
PM and PS and percentage of patients

with sarcopenia among men
and women

Measurement Men (n = 74) Women (n = 18) p value
TAM area, cm? 131.43+27.90 88.64+18.34 <0.001*
PM area, cm? 17.5649.75 11.75+£7.19 0.020*
PS area, cm? 54.88+16.71 36.12+13.23 <0.001*
TAM index, cm?/m? 47.08+9.16 37.02+6.53 <0.001*
PM index, cm?/m? 6.29+3.49 4.95+3.19 0.140
PS index, cm?/m? 19.62+5.57 14.96+4.90 0.002*
TAM-defined sarcopenia (%) 59 (79.7) 10 (55.6) 0.034*
PM-defined sarcopenia (%) 39 (52.7) 7 (38.9) 0.293
PS-defined sarcopenia (%) 3 (4.1) 5(27.8) 0.001*

TAM, total abdominal muscle; PM, psoas muscle. PS, paraspinal muscle. *p < 0.05.

were 69.6% (64/92), 63.0% (58/92), and 37.0% (34/92) at
the 1-month, 4-month, and 7-month follow-up CT.

The median OS rates of the entire cohort, men, and
women were 16.2, 15.2, and 23.8 months, respectively.
Reduced BMI, ALBI grade >1, MELD score, AFP level
>400 ng/mL, BCLC stage C, 4-month objective response,
and curative therapy after radioembolization were sig-
nificant prognostic factors, but prior therapy before
radioembolization was not. After applying optimal sex-
specific cutoff points for TAM, PM, and PS, only the
patients with PM-defined sarcopenia exhibited signifi-
cantly poorer OS than did those without (median 15.3 vs.
23.8 months, p = 0.034; Fig. 3c), and PM-defined sar-
copenia remained an independent predictor of poor OS
(hazard ratio: 1.899, 95% confidence interval:
1.087-3.315, p = 0.024; Table 4), after adjustment for
other clinical variables. TAM- and PS-defined sarcopenia
were not significant prognostic factors in univariate and
multivariate analyses (Fig. 3; Table 4).

The median PES rates of the entire cohort, men, and
women were 7.2, 6.8, and 9.2 months, respectively. AFP
level >400 ng/mL, 4-month objective response, and cu-
rative therapy after radioembolization were significant
prognostic factors, but TAM-, PM-, or PS-defined sar-
copenia was not (online supplement 1).

Subgroup Analysis Stratified by Sex and Presence of

Posttreatment Curative Therapy

In the women, the mean OS rates were 55.1 and
35.2 months for the nonsarcopenic and sarcopenic
groups, respectively, for TAM-defined sarcopenia; 55.1
and 19.8 months, respectively, for PM-defined sarcope-
nia; and 36.7 and 52.3 months, respectively, for PS-
defined sarcopenia. PM-defined sarcopenia was a prog-
nostic factor in the women (p = 0.043, Fig. 4c). In the
men, the mean OS rates were 19.0 and 23.2 months for
the nonsarcopenic and sarcopenic groups, respectively,
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for TAM-defined sarcopenia; 26.6 and 17.5 months,
respectively, for PM-defined sarcopenia; and 22.7 and 7.0
months, respectively, for PS-defined sarcopenia. PM-
defined sarcopenia was not a significant factor for poor
prognosis in the men (p = 0.168, Fig. 4d).

In 19 patients who received curative therapy after
radioembolization, the mean OS rates were 48.1 and
43.7 months for the TAM-defined nonsarcopenic and
sarcopenic groups; 55.2 and 34.6 months for PM-defined
nonsarcopenic and sarcopenic groups; and 47.3 months
for PS-defined nonsarcopenic group. PM-defined sar-
copenia was a nonsignificant prognostic factor in patients
who received curative therapy (p = 0.251, Fig. 5d). In 73
patients without curative therapy, the mean OS rates were
20.8 and 18.0 months for the TAM-defined non-
sarcopenic and sarcopenic groups; 23.9 and 13.0 months
for PM-defined nonsarcopenic and sarcopenic groups;
and 16.4 and 38.1 months for PS-defined nonsarcopenic
and sarcopenic groups. PM-defined sarcopenia was a
significant poorer prognostic factor in patients without
curative therapy (p = 0.032, Fig. 5¢).

Discussion

In this retrospective study, CT-assessed, PM-defined
sarcopenia was a prognostic factor for OS after ad-
justment for reduced BMI, ALBI grade >1, AFP level
>400 ng/mL, BCLC stage C, and posttreatment curative
therapy in the patients with intermediate to advanced
HCC receiving radioembolization. After stratification by
sex, PM-defined sarcopenia was determined to be a
poorer prognostic factor for OS in women but not in
men. But the survival curves in females and males di-
verged in the same direction of proportional hazard
between patients with and without PM-defined sarco-
penia (Fig. 4c, d). Therefore, after combining two
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subgroups, the entire cohort demonstrated that PM-
defined sarcopenia has poorer OS. In contrast, the
survival curves of TAM- and PS-defined sarcopenia
crossed each other in females (Fig. 4a, e), males (Fig. 4b,
f), and entire cohort (Fig. 3). Therefore, TAM- and PS-
defined sarcopenia are not prognostic factors in our
study. PM-defined sarcopenia was associated with
performance status but not with age, sex, BMI, albumin
levels, tumor factors, prescribed activity, and response.
By contrast, significant differences were observed in
TAM- and PS-defined sarcopenia in age and sex. PS-
defined sarcopenia was also associated with body weight,
BH, and albumin level. Furthermore, the TAM area, PM
area, PS area, TAM index, and PS index were signifi-
cantly higher in the men than in the women. Only the
PM index showed no significant difference after strat-
ification by sex. Therefore, the PM index may be a more
robust and independent indicator for muscle mass as
previous articles demonstrated in patients with ad-
vanced HCC [7].

Currently, CT remains the gold standard for mea-
suring muscle mass [23]. In contrast to the BMI and
albumin level, CT provides cross-sectional images and
allows accurate muscle mass evaluation through the
analysis of cross-sectional areas without bias from tissue
edema, ascites, or tumor mass in the abdominal cavity
[23]. Moreover, a single CT slice at the L3 level is often
included in the HCC survey and serves as a good indi-
cator for sarcopenia [24]. MRI can obtain cross-sectional
images to derive fat or fat-free mass with several MRI
sequences [25]. However, such sequences are time-
consuming and susceptible to respiratory/motion arti-
facts. Although some techniques have been developed to
reduce scanning time, they involve high costs and labor-
intensive image analysis [26]. Therefore, only few studies
have used manually feasible techniques to evaluate the
fat-free muscle area of PS after radioembolization
through MRI [13, 14]. However, the results and con-
clusion cannot be applied to our population with CT-
based muscle assessment. Furthermore, the diagnosis of
TAM- and PS-defined sarcopenia based on the Western
population was significantly associated with gender. In
contrast, the diagnosis of PM-defined sarcopenia by the
Eastern population was only associated with PM area and
ECOG performance status. These findings demonstrated
that the Eastern PM-based criteria might be more ap-
propriate for defining sarcopenia in Eastern countries,
including Taiwan. Meanwhile, the CT-based PM-defined
sarcopenia seemed reproducible in previous studies for
patients with advanced HCC and those who underwent
liver operation [7, 27].
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Fig. 3. Comparison of survival rates. OS was significantly different when using the PM criteria (c, p = 0.034) but
did not significantly differ when using TAM and PS criteria (a, e, p = 0.821 and 0.341). PFS was not significantly
different when using the TAM, PM, and PS criteria (b, d, and f, p = 0.679, 0.234, and 0.390). OS, overall survival;
PM, psoas muscle; TAM, total abdominal muscle; PS, paraspinal muscle; PES: progression-free survival.
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Table 4. Univariate and multivariate OS analyses

Univariate analysis

Multivariate analysis

HR 95% Cl p value HR 95% Cl p value
Elderly 0.932 0.536-1.621 0.803
Male 1.922 0.910-4.060 0.130
Reduced BMI 2.064 1.084-3.931 0.028* Reduced BMI 1.982 0.995-3.950 0.052
HBV related 1461 0.848-2516 0.172
HCV related 0.804 0.417-1.550 0.515
ALBI grade >1 3262 1.931-5.509 <0.001* ALBI grade >1 2711 1.565-4.695 <0.001*
MELD score 1.108 1.018-1.207 0.017*  MELD score 1.131 1.020-1.254 0.019*
Size >5 cm 1.363 0.792-2.346 0.263
Number >5 1.349 0.790-2.305 0.273
Bilobar 0.774 0.466-1.287 0.323
AFP >400 ng/mL 2603 1.551-4.371 <0.001* AFP >400 ng/mL 1.525 0.834-2.789 0.170
BCLC stage C 1978 1.184-3.305 0.009* BCLC stage C 0.860 0.639-1.158 0.320
ECOG performance status 1 1.946 0.954-3.969 0.067
Prior therapy 0.666 0.392-1.132 0.133
4-month objective response 0.431 0.257-0.724 <0.001* 4-month objective response 0.464 0.265-0.812 0.007*
Posttreatment curative therapy 0.283 0.141-0.568 <0.001* Posttreatment curative therapy 0.405 0.187-0.877 0.022*
TAM-defined sarcopenia 1.070 0.603-1.897 0.817
PM-defined sarcopenia 1.735 1.036-2.903 0.036* PM-defined sarcopenia 1.899 1.087-3.315 0.024*
PS-defined sarcopenia 0.574 0.179-1.842 0.351

HR, hazard ratio; Cl, confidence interval; BMI, body mass index; HBV, hepatitis B virus; HCV, hepatitis C virus; ALBI, albumin-
bilirubin; MELD, Model for End-Stage Liver Disease; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology
Group; TAM, total abdominal muscle; PM, psoas muscle; PS, paraspinal muscle. *p < 0.05.

Although performance status is included in the BCLC
staging system for HCC and has been associated with
poor prognosis [28], its clinical diagnosis is subjective
with interobserver variability [29]. By contrast, we ob-
served that PM-defined sarcopenia remained an inde-
pendent predictor of OS even after adjustment for tumor
size, extent, and liver function, whereas performance
status did not. These results are similar to the previous
study in patients receiving sorafenib treatment [7]. Like
patients receiving sorafenib treatment, the inclusion
criteria of our study were unresectable HCCs. Therefore,
the percentage of downstaging to curative therapy was
around 20%. The downstaging rate will increase if we
include patients with borderline resectable HCC. After
stratification by the presence of posttreatment curative
therapy, PM-defined sarcopenia was still a poorer
prognostic factor in patients without posttreatment cu-
rative therapy. But PM-defined sarcopenia was a non-
significant poorer prognostic factor in patients receiving
posttreatment curative therapy. Our results showed that
patients who underwent curative treatment after radio-
embolization had a more favorable prognosis. In previous
studies, sarcopenia was associated with postoperative
complications, longer hospital stays, and poorer

10 Liver Cancer
DOI: 10.1159/000529676

prognosis for liver transplantation and resection [30, 31].
Therefore, identifying patients with further curative
treatment potential or sarcopenia before radio-
embolization is crucial. Further studies should investigate
whether perioperative nutritional therapy can increase
survival in patients undergoing radioembolization for
downstaging.

Liver function is also an essential factor associated with
HCC prognosis [32]. Our study demonstrated this
concept in patients who underwent radioembolization.
Furthermore, ALBI grade is a more objective and accurate
indicator than the Child-Pugh score to predict the
prognosis of liver cirrhosis and advanced HCCs [33, 34].
ALBI grading requires objective laboratory data, obvi-
ating the subjectivity in the judgment of ascites amount
and hepatic encephalopathy, which is required for Child-
Pugh staging. However, the albumin level may fluctuate
after intravenous supplement. The PS-defined sarcopenia
was associated with albumin level in our study and might
be biased by liver function. Therefore, CT-assessed TAM-
and PM-defined sarcopenia may be a potential adjust-
ment and serve as a poorer prognostic factor in patients
with liver cirrhosis in many studies [35-37]. Recently, a
study indicated that the composite model with sarcopenia

Wu/Ho/Chen/Liang/Huang/Cheng/
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Fig. 4. Comparison of survival rates stratified by sex. OS was significantly different when using PM-defined
sarcopenia (¢, p = 0.043) in women but not in men (d, p = 0.168). OS did not significantly differ when using TAM
(a, b) or PS (e, f) criteria in either sex. OS, overall survival; PM, psoas muscle; TAM, total abdominal muscle; PS,

paraspinal muscle.
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and the MELD are better prognostic models than ALBI
and MELD scores in patients with HCC awaiting liver
transplantation [38]. Finally, a large tumor burden may
compress the gastrointestinal tract and reduce patients’
appetite. However, in our study, no significant difference
was reported in the maximal tumor size, the percentage of
tumor size >5 cm, total tumor volume and non-tumor
liver volume between patients with and without sarco-
penia, and the percentage of patients with >5 tumors was
nonsignificantly higher in the sarcopenia group than in
the nonsarcopenia group.

In our study, only PM served as a prognostic factor in
the patients receiving radioembolization rather than
TAM or PS. The debate regarding which abdominal
muscle can serve as an indicator for sarcopenia has been
outlined in previous studies [15, 16]. However, an in-
ternationally accepted standard for assessing sarcopenia
based on CT is unavailable. In an earlier study, TAM
correlated well with whole-body muscle mass in DXA-
based validation [39]; however, a recent study concluded
that PM was more correlated than TAM with lean soft
tissue [40]. TAM contains diverse muscles, including the
PM, PS, abdominal wall muscles, and rectus abdominis.
By contrast, PM represents a minority of the total trunk
mass, but the measurement of PM alone is much easier
and time-saving. PS is also relatively easy to measure in
abdominal MRI, so previous MRI-based studies showed
PS had a survival impact in patients who received
radioembolization [13, 14]. Different results may indicate
different muscles with a specific function [41]. For ex-
ample, PM is the main flexor of the hip, and PS is the
primary extensor of the trunk [42-44]. So we can hy-
pothesize that PM may be a better indicator if the disease
affects dynamic muscle function. In contrast, if the dis-
ease mainly affects static muscle function, PS may be a
better indicator. Identifying the index muscle can help
plan physical activity for muscle training and improve
outcomes. Furthermore, the purpose of the adjustment
for PM and TAM areas is to enable unbiased comparisons
across the range of BH, such as BMI. Similar to BMI, the
PM and TAM indices - defined as PM and TAM areas
divided by squared BH in meters — have been widely used
in most studies [10, 12, 45] and systematic reviews [46,
47]. Only a few have used the unadjusted muscle area [13,
14] or another adjusted method with BH only [48].

Our study has some limitations. First, this retro-
spective review study included a modest sample size
with more than 1-year follow-up. After stratification by
sex, PM-defined sarcopenia was a significant factor in
the women and a nonsignificant factor in the men for
poorer prognosis. TAM- or PS-defined sarcopenia had

CT-Defined Sarcopenia in Patients
Receiving Radioembolization

inconsistent results for prognosis between the men and
women. But the potential role of PM-defined sarcopenia
can be identified. However, after combining the data of
the men and women, PM-defined sarcopenia was still an
independent prognostic factor. Further large-scale studies
with long-term and serial follow-up should be conducted
to confirm the role of sarcopenia in both sexes. Second,
additional interventional studies, such as nutritional
support, muscle training, or hormone-related agents, may
be considered to extend our findings and observe changes
in muscle mass after interventions. Third, we used the
manual tracing method to measure TAM, PM, and PS
areas. Some observational bias may be present, but we
followed the semiautomatic method to reduce observer
variability. The measurement error during manual
tracking may be solved soon using automated processes
to mitigate interobserver and intraobserver variabilities
(49, 50]. Finally, our data were only involved in a single
tertiary-referred medical center, and all the patients had
intermediate to advanced HCCs and underwent resin-
based radioembolization for locoregional control. Ad-
ditional studies should evaluate whether our findings can
be applied to patients who underwent glass-based radi-
oembolization or combined with immunotherapy, such
as PD1 blockade. In conclusion, CT-assessed, PM-
defined sarcopenia was a prognostic factor for OS in
the patients with intermediate to advanced HCC re-
ceiving radioembolization after adjustment for reduced
BMI, ALBI grade >1, MELD score, AFP level >400 ng/
mL, BCLC stage C, 4-month objective response, and
posttreatment curative therapy.
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