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Abstract
Background: Previous studies have suggested body composition as a predictor of sorafenib 
toxicity and outcome in patients with advanced hepatocellular carcinoma (HCC). Large stud-
ies on the impact of body composition parameters in European HCC patients are lacking. Our 
aim was to validate the prognostic value of body composition parameters in Dutch patients 
with HCC treated with sorafenib. Patients and Methods: A retrospective analysis was per-
formed in a cohort of HCC patients treated with sorafenib at two Dutch tertiary referral cen-
ters between 2007 and 2016. Body composition (adipose and skeletal muscle tissue) was  
measured at baseline by computed tomography (CT). Low skeletal muscle mass (SMM) and 
density were defined using published cut-offs. Body composition parameters were correlated 
with overall survival (OS), time to progression, response rate, and toxicity. Results: A total of 
278 patients were included, mostly Child-Pugh class A (85%) and Barcelona Clinic Liver Cancer 
(BCLC) stage C (73%), with a median OS of 9.5 months (95% CI 8.1–11.0). Patients with com-
bined low SMM and low total adipose tissue index (TATI) (n = 68, 25%) had a poor median OS 
(5.8, 95% CI 4.8–6.8) compared with other patients (11.7, 95% CI 9.4–14.0). Combined low SMM 
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and low TATI remained an independent predictor of OS (HR 1.56, 95% CI 1.15–2.11, p = 0.004) 
after adjusting for known prognostic factors. There was no association between body com-
position and sorafenib toxicity. Conclusions: In Dutch HCC patients treated with sorafenib, 
the combined presence of low SMM and low TATI was associated with impaired survival, in-
dependent of known prognostic factors. CT assessment of body composition may provide 
additional prognostic information prior to sorafenib treatment. © 2018 The Author(s) 

Published by S. Karger AG, Basel

Introduction

For patients with advanced-stage hepatocellular carcinoma (HCC), the multi-kinase 
inhibitor sorafenib is the standard of care [1]. Sorafenib provides a median survival benefit 
of 3 months compared to placebo in patients with preserved liver function [2, 3]. Unfortu-
nately, not all patients benefit from this treatment; in the landmark SHARP trial 27% of 
patients showed progressive disease at the first radiological evaluation [3]. Furthermore, 
potential survival benefit came at the cost of sorafenib-induced toxicity which resulted in 
dose reduction and interruption of treatment in 26 and 44% of patients, respectively. This 
indicates a large variability in sorafenib tolerability and survival outcomes. A recent post hoc 
analysis of 2 placebo-controlled studies showed greater survival benefit in patients with 
hepatitis C virus (HCV), liver-confined disease, or a low neutrophil-lymphocyte ratio (NLR) 
[4]. However, a precise prediction and personalized medicine is still far away from daily 
practice. 

Host factors such as drug metabolism and distribution might affect sorafenib tolerability 
and efficacy. Sorafenib is a drug that is strongly lipophilic and has a large interpatient vari-
ation in bio-availability [5, 6], which may be affected by patients’ body composition. Body 
composition, i.e., the amount and distribution of muscle and fat tissue, includes various 
parameters such as subcutaneous adipose tissue, visceral adipose tissue, and skeletal muscle 
tissue. Recently, altered body composition has been identified as a prognostic biomarker for 
treatment-related toxicity and poor survival in several malignancies [7–10]. Loss of skeletal 
muscle mass (SMM) is the most studied body composition parameter in cancer patients [7, 9, 
11] and was recently adopted as part of the cancer cachexia syndrome [8]. Combined loss of 
SMM and skeletal muscle function is defined as “sarcopenia” [12]. Loss of SMM is also a 
frequent complication of liver cirrhosis [13] and often represents an occult condition that can 
even be present in patients with normal or high body mass index (BMI) [8]. Computed tomog-
raphy (CT) can easily and reliably quantify body composition parameters, including skeletal 
muscle and adipose tissue mass [14, 15], and is considered the gold standard for body compo-
sition measurements [8, 16]. In HCC, prior studies identified CT-assessed low SMM, skeletal 
muscle density, and visceral adiposity as significant predictors of mortality in early-stage HCC 
patients [11, 17, 18]. An increase in the number of prognostic body composition components 
resulted in an increased mortality risk, suggesting a complementary effect of these param-
eters [18, 19]. However, studies addressing the prognostic role of body composition in 
advanced-stage HCC have shown conflicting results [19–25]. These studies either had limited 
numbers of patients or were performed in Asian cohorts. A large-scale validation of the prog-
nostic value of body composition parameters in a European cohort has not yet been performed 
and is warranted to translate these findings to this population. 

Therefore, our primary aim was to validate whether CT-assessed body composition 
parameters are associated with survival in a Dutch cohort of patients with advanced HCC 
treated with sorafenib. Secondary aims were to assess the correlation of body composition 
with time to progression (TTP), response rate, and sorafenib toxicity. 
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Methods

Study Population
Consecutive patients with HCC, ≥18 years old, who were treated with sorafenib from January 2007 to 

December 2016, were recruited to this retrospective study in two Dutch academic referral centers for HCC: 
Amsterdam University Medical Centers (Amsterdam UMC), location Academic Medical Center, Amsterdam, 
and Erasmus MC University Medical Center, Rotterdam. Patients were identified using pharmacy records, 
and keywords or diagnostic codes from the electronic patient registration systems. Included keywords were 
“hepatocellular carcinoma,” “HCC,” “malignancy liver,” “liver neoplasm,” and “liver malignant neoplasm.” 
Patients receiving trial-based sorafenib were also included. Patients lacking assessable CT images or in 
whom body height was unknown were excluded. The study was performed in accordance with the Decla-
ration of Helsinki and approved by the Institutional Review Board of the Amsterdam UMC which waived the 
need for informed consent (reference number W17_420#17.488). 

Diagnostic Work-Up and Treatment Algorithm
HCC diagnosis was established pathologically or radiologically by the European Association for the 

Study of the Liver imaging criteria [1]. Absence or presence of underlying cirrhosis was established using the 
criteria proposed by Mittal et al. [26]. All patients were staged by 4-phase CT or dynamic contrast-enhanced 
magnetic resonance imaging (MRI) and discussed at a multidisciplinary HCC tumor board. In accordance 
with the Barcelona Clinic Liver Cancer (BCLC) guidelines [1], patients with an Eastern Cooperative Oncology 
Group performance status (ECOG PS) 0–2 and BCLC stage C or BCLC stage B in whom transarterial chemo-
embolization (TACE) was not possible, were considered eligible for sorafenib treatment. Patients started 
with sorafenib at a dose of 200 mg twice daily (b.i.d.) followed by toxicity-adjusted dosing up to the full dose 
(400 mg b.i.d.) in 1–2 weeks. Patients were allowed dose adjustments and treatment interruptions at the 
discretion of the medical oncologist to deal with sorafenib toxicity. Treatment response was assessed using 
CT or MRI with intervals of 2–3 months and evaluated by specialized abdominal radiologists using the 
Response Evaluation Criteria in Solid Tumors (RECIST) 1.1 criteria [27]. Sorafenib was continued until 
clinical or radiological disease progression, severe liver function deterioration (bilirubin > 51 µmol/L or 
Child-Pugh score >B8), or unacceptable toxicity as per institutional guidelines. 

Data Collection and Outcomes
Medical records were reviewed and demographic, clinical, and imaging data were manually extracted. 

The primary outcome measure, overall survival (OS), was defined from the first dose of sorafenib to date of 
death or last follow-up. Survival status was assessed using the national civil registry on January 17, 2018. 
Patients alive at the last moment of follow-up were censored. TTP was defined as the time from start of 
sorafenib until clinical or radiological disease progression. Progression-free patients were censored at the 
time of the last radiological evaluation. Patients who died or were lost to follow-up before the first radio-
logical evaluation were excluded from TTP analysis. In response evaluation, all patients who showed clini-
cally progressive disease in the absence of radiological evaluation were considered to have progressive 
disease. All toxicities and treatment-emergent adverse events were classified according to the National 
Cancer Institute’s Common Toxicity Criteria (NCI-CTC) v4.0 [28]. Liver dysfunction was defined as the occur-
rence or deterioration of hyperbilirubinemia (according to CTC v4.0), ascites, or encephalopathy. 

Body Composition Measurements
Body weight (kg) and height (m) closest to treatment initiation were recorded from the medical charts, 

and body mass index (BMI, kg/m2) was calculated. The population was divided into subgroups of patients 
with (BMI ≥25) or without overweight (BMI < 25). Body composition measurements were conducted on CT 
images routinely performed for baseline tumor staging (≤4 weeks prior to start). If unavailable (i.e., baseline 
MRI only), CT images ≤3 months prior to start were used. The anonymized CT images were analyzed by one 
trained investigator (T.A.L.) using the FatSeg software package version 2.4 (Biomedical Imaging Group 
Rotterdam, Rotterdam, The Netherlands) as previously described [29]. In summary, skeletal muscle and 
adipose tissue compartments were manually outlined and measured using preset Hounsfield unit (HU) 
thresholds (–30 to +150 and –190 to –30 HU, respectively) at the level of the third lumbar vertebra (L3) 
where both transversal processes were visible (Fig. 1). Measurements at this anatomical landmark have been 
linearly related to whole-body measurements [14] and this method has a high inter- and intra-observer 
agreement [15]. Measured compartments were cross-sectional areas (cm2) of skeletal muscle (SMA), subcu-
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taneous adipose tissue (SATA), and visceral adipose tissue (VATA). Renal fat was included in the VATA, 
whereas intraluminal bowel contents with the same radiodensity as adipose tissue were manually erased. 
Total adipose tissue area (TATA = SATA + VATA) and visceral fat percentage ((VATA/TATA) × 100) were 
calculated. The mean skeletal muscle density, which is a measure of muscle density and skeletal muscle 
quality expressed in Hounsfield units (HU), was determined on all patients with contrast-enhanced CT 
images (n = 267) as contrast enhancement influences tissue density [30]. 

All measured cross-sectional areas (cm2) were normalized for patients’ height squared, resulting in a 
skeletal muscle index (SMI; cm2/m2) and a total, visceral, and subcutaneous adipose tissue index (TATI, VATI, 
SATI; cm2/m). Validated gender- and BMI-specific cut-off values, determined in a Western cohort of 1,473 
patients with solid tumors, were used to define low SMM (low SMI) and low muscle density [9]. For total 
adipose tissue there are no internationally validated cut-offs. Therefore, the population was dichotomized 
into 2 groups: patients with high (above median) and low TATI (equal to or below median) subgroups. As fat 
distribution differs significantly according to gender, the population was divided into sex-specific high 
(above the sex-specific median) or low (equal to or below the sex-specific) VATI, SATI, and visceral fat 
percentage subgroups. 

Statistical Analysis
Continuous variables were presented as medians with interquartile ranges (IQR), whereas categorical 

variables were expressed as counts and percentages. Categorical variables were compared with Fisher’s 
exact or Pearson’s χ2 test, whereas continuous variables were compared with the Student t test or the Mann-
Whitney U test. The correlation between BMI and other body composition parameters was expressed using 
Spearman’s rank correlation coefficient (ρ). Time to event data (OS, TTP) were estimated by the Kaplan-
Meier method and compared using the log-rank test. The association between survival and body composition 
parameters was assessed in a multivariable Cox proportional hazards analysis, adjusting for known prog-
nostic factors [4, 31] and additional factors that were associated with survival in univariable analysis (p < 
0.1). Hazard ratios (HR) with 95% confidence intervals (CI) were calculated. For all statistical tests described, 
a p value of < 0.05 was considered statistically significant. Statistical analyses were performed using IBM SPSS 
Statistics for Windows Version 23.0 (IBM Corp., Armonk, NY, USA).

Results

Patient Characteristics
Of the 323 consecutive patients who were treated with sorafenib between May 2007 and 

December 2016, we excluded 45 (14%) patients because of missing body height or nonas-
sessable CT images. Consequently, the study population consisted of 278 patients. Baseline 
characteristics and study outcomes (OS, TTP, toxicity) did not significantly differ between the 
included and excluded patients. 

Fig. 1. Cross-sectional CT image at the 
third lumbar vertebra used to quantify 
body composition variables. In this ex-
ample, the skeletal muscle area (SMA) 
was manually outlined and highlighted 
in purple. 
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The baseline characteristics of included patients are described in Table 1. The majority 
of patients were men (79%), with a median age of 64 years (IQR 57–70). Alcohol was the most 
prevalent (33%) underlying etiology, followed by chronic infection with hepatitis B virus 
(HBV; 17%) or HCV (16%). The majority of patients had cirrhosis (77%), Child-Pugh class A 
liver function (85%) and BCLC stage C HCC (73%). The median largest tumor size was 70 mm 
(IQR 40–110 mm), 41% of patients had macrovascular invasion (MVI), and extrahepatic 
metastases were present in 59%; 42% of patients had received prior treatment for HCC, 
mostly TACE (21%). 

Body Composition Measurements
The body composition features are summarized in Table 1. With the exception of BMI, 

muscle density, and TATI, all body composition parameters differed significantly between 
men and women. This reflects known gender differences such as higher SMM (median SMI 
49.5 vs. 39.8, p < 0.001) and higher percentages of visceral fat in men (median 53 vs. 36%,  
p < 0.001). Most patients (59%) were considered overweight or obese (BMI ≥25.0). The BMI 
correlated strongly with adipose tissue indexes (TATI, VATI and SATI, ρ = 0.832, 0.704, and 

Table 1. Baseline characteristics of the study cohort

Characteristic All patients (n = 278)

Clinical parameters
Age, years 64 (57–70)
Males, n (%) 220 (79)
Etiology, n (%)

Alcohol 92 (33)
HBV/HCV 46/44 (17/16)
NAFLD-NASH 19 (7)
Other/unknown 17/71 (6/26)

Cirrhosis, n (%) 213 (77)
Child-Pugh classa, n (%)

A/B 236/32 (85/12)
ECOG PS, n (%)

0/1/2 98/158/22 (35/57/8)
BCLC stage, n (%)

Intermediate (B)/advanced (C) 76/202 (27/73)
Number of nodes, n (%)

1/2–3/>3 or diffuse infiltrating 54/93/131 (19/33/47)
Size of largest node, mm 70 (40–110)
Macroscopic vascular invasion, n (%) 113 (41)
Extent of disease, n (%)

Confined to liver/lymph nodes/other organ 116/74/88 (42/27/32)
Received prior treatment for HCC, n (%) 118 (42)

Liver transplantation/surgical resection 5/41 (2/15)
RFA/TACE/SIRT 42/58/19 (15/21/7)
Other systemic 3 (1)

Laboratory analysis
AFP, ng/mL 140 (12–2794)
AFP ≥400 ng/mL, n (%) 109 (39)
Hemoglobin, mmoL/L 8.2 (7.3–9.1)
Thrombocytes, ×109 184 (124–272)
Prothrombin time, s 12.5 (11.7–13.6)
Albumin, g/dL 40 (36–43)
Bilirubin, µmoL/L 13 (9–20)
NLRb 3.02 (2.02–3.84)
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0.723, all p < 0.001), moderately with SMI (ρ = 0.500, p < 0.001), and poorly with visceral fat 
percentage and muscle density (ρ = 0.273 and –0.343, both p < 0.001). 

A total of 145 (52%) patients had low SMM, and 114 (41%) had low skeletal muscle 
density. Patients with low SMM were older (median age 67 vs. 62 years, p < 0.001), more often 
overweight or obese (66 vs. 53%, p = 0.039), had a lower muscle density (34 vs. 39 HU, p < 
0.001), and had a higher NLR (3.29 vs. 2.51, p = 0.014) than patients with high SMM. There 
were no significant differences in terms of Child-Pugh classification, disease extent, 
α-fetoprotein (AFP) values, BCLC stage, and ECOG PS between these subgroups. 

The median TATI, SATI, and VATI for all patients and stratified per sex are shown in Table 
1. In 34 patients with severe overweight or obesity (median BMI 29.5), the L3 CT image did 
not entirely display the complete subcutaneous fat area, prohibiting complete measurement 
of this body composition compartment. To avoid exclusion bias, median SATI and TATI values 
were determined in adequately measured patients (n = 244), and the 34 patients were cate-
gorized based on their measured, albeit underestimated, SATI and TATI. 

Association of Body Composition Parameters with OS
After a median follow-up of 54.9 months (IQR 39.0–63.2), 255 (92%) patients had died. 

The median OS was 9.5 months (95% CI 8.0–11.0). Patients with a low TATI had a signifi-
cantly poorer survival than patients with a high TATI (7.3 vs. 11.9 months, log-rank p = 0.006) 
(Fig. 2c). Low SMM (Fig. 2a), low muscle density, low VATI, low SATI, low visceral fat 
percentage, or BMI ≥25 were not significantly associated with OS (Table 2). Besides low TATI 
(HR 1.42, 95% CI 1.11–1.82, p = 0.006), other baseline factors that were significantly asso-
ciated with decreased OS in univariable analysis included Child-Pugh class B, ECOG PS 2, size 

Body composition parameters All patients Male (n = 220) Female (n = 58)

BMI 26 (23–29) 26 (23–29) 25 (22–28)
BMI category, n (%)

Underweight (<18.5) 2 (1) 1 (1) 1 (2)
Normal (18.5–24.9) 109 (40) 81 (37) 29 (50)
Overweight (25.0–29.9) 113 (41) 97 (44) 19 (33)
Obese (>30.0) 49 (18) 41 (19) 9 (16)

Lumbar skeletal muscle tissue
SMI 48.2 (42.2–53.0) 49.5 (44.4–54.5) 39.8 (35.9–42.2)
Low SMM, n (%) 145 (52) 109 (50) 36 (62)
Muscle densityc, HU 36 (31–42) 36 (31–42) 36 (32–43)
Low muscle density, n (%) 114 (41) 88 (40) 26 (45)

Lumbar adipose tissue
Total fatd (TATI) 109.9 (75.1–155.5) 117.4 (77.4–156.4) 96.9 (66.9–149.8)
Subcutaneous fatd (SATI) 48.3 (36.6–70.4) 48.1 (35.4–65.8) 65.3 (37.7–97.3)
Visceral fat (VATI) 56.1 (29.3–85.5) 63.0 (38.5–92.0) 29.6 (20.6–55.4)
Visceral fat percentaged 50 (38–60) 53 (44–62) 36 (24–45)

Values in parentheses are IQR unless otherwise indicated. AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer 
classification; BMI, body mass index; ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; 
HCV, hepatitis C virus; IQR, interquartile range; NAFLD/NASH, nonalcoholic fatty liver disease/nonalcoholic steatohepatitis; 
RFA, radiofrequent ablation; SATI, subcutaneous adipose tissue index; SIRT, selective internal radiation therapy; SMI, skeletal 
muscle index; SMM, skeletal muscle mass; TACE, transcatheter arterial chemoembolization; TATI, total adipose tissue index; 
VATI, visceral adipose tissue index. a Child-Pugh score was calculated in all patients (regardless of cirrhosis); data of 10 patients 
were missing. b Data of 179 patients were missing. c Data of 11 patients were excluded because of no contrast-enhancement. 
d Data of 34 patients were excluded because of incompletely displayed tissues.

Table 1 (continued)
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Fig. 2. Overall survival and time to progression (TTP) curves according to body composition parameters.  
a, b Patients with low and high skeletal muscle mass (SMM). c, d Patients with high and low total adipose 
tissue index (TATI). e, f Patients with and without combined low SMM and low TATI. Unavailable for TTP 
analysis, n = 35. 
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of largest tumor > 70 mm (above median), MVI, high NLR (above median), and AFP ≥400 ng/
mL (Table 2). Patients who received prior HCC treatment had a better OS. NLR was not 
included in the multivariable analysis due to large numbers of missing values (n = 179, 65%). 
In multivariable analysis, low TATI was no longer significantly associated with OS after 
correction for other predictors of mortality (HR 1.28, 95% CI 0.98–1.66, p = 0.072) (online 
suppl. Table 1; for all online suppl. material, see www.karger.com/doi/10.1159/000493586). 

Association of Body Composition Parameters with TTP and Response Rate
A total of 243 patients were available for TTP analysis; 35 patients (13%) could not be 

evaluated because they died or were lost to follow-up before clinical or radiological disease 
progression. The median TTP was 3.9 months (95% CI 3.2–4.5). Patients with low SMM showed 

Table 2. Univariable and multivariable Cox regression analyses for overall survival

Univariable analysis Multivariable analysis

HR 95% CI p value HR 95% CI p value

Body composition variables
Low SMM 1.20 0.94–1.54 0.417
Low muscle density 0.97 0.75–1.24 0.782
Low TATIa 1.42 1.11–1.82 0.006
Low SATI 1.20 0.94–1.53 0.154
Low VATI 1.19 0.93–1.52 0.172
Low visceral fat percentage 0.97 0.76–1.24 0.808
BMI ≥25 (ref: <25) 0.82 0.64–1.05 0.118
Low SMM + low TATI 1.77 1.33–2.35 <0.001 1.56 1.15–2.11 0.004

Other baseline variables
Female sex 1.26 0.93–1.71 0.131
Age >65 years 0.87 0.68–1.12 0.277
HBV 1.20 0.86–1.68 0.294
HCV 0.97 0.68–1.37 0.844
Alcohol 1.00 0.77–1.29 0.967
Child-Pugh B (ref: Child-Pugh A) 2.38 1.62–3.49 <0.001 2.30 1.56–3.41 <0.001
ECOG PS (ref: ECOG PS 0) 0.002 0.030

ECOG PS 1 1.22 0.93–1.59 1.10 0.83–1.45
ECOG PS 2 2.40 1.48–3.89 1.99 1.19–3.33

BCLC stage C (ref: B) 1.21 0.91–1.59 0.187
Number of nodes (ref: 1 node) 0.152

2–3 nodes 0.87 0.61–1.24
>3 nodes/diffuse infiltrating 1.15 0.83–1.60

Tumor size >70 mm 1.54 1.20–2.00 0.001 1.27 0.96–1.67 0.090
Macroscopic vascular invasion 1.44 1.12–1.85 0.005 1.25 0.96–1.64 0.095
Presence of extrahepatic metastases (ref: none) 0.792

Lymph nodes 1.13 0.83–1.54
Other organ 1.08 0.81–1.45

High NLRb 1.70 1.12–2.58 0.012
AFP ≥400 ng/mL 1.93 1.49–2.51 <0.001 1.81 1.38–2.37 <0.001
Received previous treatments 0.66 0.51–0.85 0.001 0.83 0.63–1.10 0.188

AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer classification; BMI, body mass index; ECOG PS, Eastern 
Cooperative Oncology Group performance status; HBV, hepatitis B virus; HCV, hepatitis C virus; SATI, subcutaneous adipose 
tissue index; SMM, skeletal muscle mass; TATI, total adipose tissue index; VATI, visceral adipose tissue index. a Not included in 
multivariable analysis due to collinearity with low SMM + low TATI (model shown in online suppl. Table 1). b Not included in 
multivariable analysis due to large numbers of missing values (n = 179).
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significantly shorter TTP compared with patients with high SMM (3.5 vs. 4.4 months, p = 0.032) 
(Fig. 2b). Other body composition parameters showed no statistically significant association 
with TTP (Table 3). Additional univariable predictors of TTP were female sex, presence of 
HBV, Child-Pugh class B, ECOG PS, BCLC stage, MVI, high NLR, and AFP ≥400 ng/mL (Table 3). 
NLR was not included in the multivariable analysis due to large numbers of missing values (n 
= 179, 65%). Low SMM remained significantly associated with reduced TTP (HR 1.35, 95% CI 
1.01–1.81, p = 0.042) after correction for known predictors in multivariable analysis. 

According to the RECIST criteria, 10% of the patients had a partial response, 37% stable 
disease, and 41% progressive disease (online suppl. Table 3). There were no statistically 
significant associations between response rates and BMI, SMM, muscle density, TATI, VATI, 
SATI, or visceral fat percentage.

Table 3. Univariable and multivariable Cox regression analyses for time to progression

Univariable analysis Multivariable analysis

HR 95% CI p value HR 95% CI p value

Body composition variables
Low SMM 1.33 1.02–1.74 0.033 1.35 1.01–1.81 0.042
Low muscle density 1.01 0.77–1.32 0.970
Low TATI 1.24 0.95–1.62 0.107
Low SATI 1.07 0.82–1.39 0.608
Low VATI 1.21 0.93–1.58 0.149
Low visceral fat percentage 1.14 0.87–1.48 0.325
BMI ≥25 (ref: <25) 0.92 0.70–1.20 0.543
Low SMM and low TATIa 1.57 1.15–2.14 0.005

Other baseline variables
Female sex 1.46 1.05–2.03 0.025 1.44 1.01–2.06 0.043
Age >65 years 0.82 0.63–1.07 0.146
HBV 1.45 1.02–2.05 0.037 1.36 0.94–1.96 0.103
HCV 0.91 0.63–1.32 0.621
Alcohol 0.84 0.64–1.11 0.224
Child-Pugh B (ref: Child-Pugh A) 1.59 1.04–2.43 0.031 1.50 0.97–2.31 0.070
ECOG PS (ref: ECOG PS 0) 0.027

ECOG PS 1 1.07 0.80–1.42 0.97 0.72–1.30
ECOG PS 2 1.96 1.19–3.22 1.63 0.96–2.78

BCLC stage Cb (ref: B) 1.50 1.10–2.06 0.012
Number of nodes (ref: 1 node) 0.408

2–3 nodes 1.13 0.77–1.66
>3 nodes/diffuse infiltrating 1.27 0.88–1.83

Tumor size >70 mm 1.35 1.04–1.76 0.025 1.10 0.82–1.48 0.524
Macroscopic vascular invasion 1.46 1.12–1.91 0.005 1.37 1.03–1.81
Presence of extrahepatic metastases (ref: none) 0.208

Lymph nodes 1.28 0.93–1.78
Other organ 1.27 0.93–1.74

Received previous treatments 0.81 0.62–1.05 0.114
High NLRc 1.81 1.16–2.83
AFP ≥400 ng/mL 1.74 1.32–2.28 <0.001 1.84 1.37–2.46 <0.001

AFP, α-fetoprotein; BCLC, Barcelona Clinic Liver Cancer classification; BMI, body mass index; ECOG PS, Eastern Cooperative 
Oncology Group performance status; HBV, hepatitis B virus; HCV, hepatitis C virus; SATI, subcutaneous adipose tissue index; 
SMM, skeletal muscle mass; TATI, total adipose tissue index; VATI, visceral adipose tissue index. a Not included in multivariable 
analysis due to collinearity with low SMM (model shown in online suppl. Table 2). b Not included in multivariable analysis to 
reduce overlapping variance (multicollinearity). c Not included in multivariable analysis due to large numbers of missing values 
(n = 179).
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Association of Body Composition Parameters with Treatment Tolerability and Toxicity
The treatment details are summarized in online supplementary Table 3. Median treatment 

duration was 14 weeks (IQR 14–34). Only 30% of patients tolerated the maximum dose 
(reflected by the median daily dose of 200 mg b.i.d.). During treatment, 54% of patients had 
grade III/IV adverse events: mostly liver dysfunction (27%), hand-foot-syndrome or rash 
(13%), and/or gastrointestinal adverse events (12%). Most patients stopped treatment due 
to disease progression (51%), followed by combined toxicity and progression (24%) which 
included liver dysfunction caused by end-stage HCC. There were no statistically significant 
associations between maximum tolerated dose, treatment duration, or the occurrence of 
treatment emergent adverse events and BMI, SMM, muscle density, TATI, VATI, SATI, or 
visceral fat percentage. 

Combined Body Composition Parameters
We performed an exploratory analysis on a subgroup with combined low SMM and low 

TATI, as these body composition parameters had the most impact on OS and TTP in our study. 
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Combined low SMM and low TATI was present in 68 patients (25%) and relatively more 
common in women than men (45 vs. 19%, p < 0.001). These patients had a significantly lower 
BMI (24 vs. 27, p < 0.001) than other patients. Moreover, these patients had lower hemoglobin 
(7.4 vs. 8.5 mmol/L, p < 0.001) and albumin (38 vs. 40 g/dL, p = 0.026) levels. There were no 
significant differences in age, disease etiology, Child-Pugh status, ECOG PS, BCLC stage, tumor 
number, or tumor extent compared with other patients. 

Patients who had low SMM and a low TATI showed a significantly poorer survival (5.8 
months, 95% CI 9.4–14.0) than patients with only one or no altered body composition 
parameter (11.7 months, 95% CI 4.8–6.8, p < 0.001) (Fig. 2e, 3a). In a multivariable model 
corrected for Child-Pugh status, ECOG PS, MVI, tumor size, AFP levels, and prior HCC treat-
ments, combined low SMM and low TATI remained significantly associated with poor survival 
(HR 1.56, 95% CI 1.15–2.11, p = 0.004) (Table 2). Other predictors of mortality included 
Child-Pugh class B (HR 2.30, 95% CI 1.56–3.41), ECOG PS 2 (HR 1.99, 95% CI 1.19–3.33), and 
AFP ≥400 ng/mL (HR 1.81, 95% 1.38–2.37). In both subgroups of patients with ECOG PS 0–1 
and ECOG PS 2, there was a clear stratification in patients with and without combined low 
SMM and low TATI (data not shown). 

Combined low SMM and low TATI was associated with reduced TTP (3.2 months, 95% CI 
2.4–4.0) compared with other subgroups (4.4 months, 95% CI 3.2–5.7, log-rank p = 0.004) 
(Fig. 2f, 3b). Although this was a predictor for TTP in univariable analysis (HR 1.57, 95% CI 
1.15–2.14, p = 0.005), it was no longer significant (HR 1.36, 95% CI 0.95–1.93, p = 0.091) after 
correction for known predictors (online suppl. Table 2). Patients with low SMM and low TATI 
had significantly shorter treatment duration (11 vs. 16 weeks, p = 0.028) and more hemato-
logical toxicity (18 vs. 6%, p = 0.004) than other patients. There were no significant differ-
ences in response rate or treatment-emergent adverse events. 

Discussion

This is the largest multicenter study in a European country to analyze the prognostic 
impact of CT-assessed body composition parameters in HCC patients treated with sorafenib. 
We found that low SMM alone was associated with shorter TTP, but not with OS. Presence of 
combined low SMM and low TATI was associated with poor OS, also after correcting for 
known prognostic factors. Therefore, body composition should be considered as a new prog-
nostic factor in advanced HCC.

Body composition parameters, especially low SMM, are associated with OS and treatment 
toxicity in early-stage HCC [18, 32–34]. In our study, low SMM was not significantly associated 
with OS. These differences may reflect that low SMM has a bigger impact on patients treated 
with surgical resection, mainly due to increased surgery-related morbidity and mortality [33, 
34]. Studies on the impact of body composition parameters in patients treated with sorafenib 
are scarce and outcomes conflicting (Table 4). Our data are in concordance with 2 other 
studies in European cohorts [22, 23], but not in concordance with 4 studies in Japanese 
patients which reported a significant impact of low SMM on OS [20, 21, 24, 25]. The difference 
between European and Japanese studies might be explained by different cut-offs for low SMM 
used in European and Japanese studies. Data on the clinical relevance of ethnical differences 
in body composition on sorafenib outcome and international consensus on cut-off values for 
CT-based low SMM is lacking. Moreover, comparison of Asian and European cohorts is difficult 
due to known differences in baseline characteristics (i.e., HCC etiology) and sorafenib 
outcomes [2, 3]. Future international studies are needed to refine the currently used cut-off 
values for body composition parameters in patients with chronic liver disease. 
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Table 4. Studies on the impact of body composition on sorafenib outcomes

Outcome/
body composition parameter

Correlation Diagnosis 
(patients, n)

Reference

Overall survival
Skeletal muscle index Yes

Yes
Yes
Yes
No
No
No

HCC (232)
HCC (40)
HCC (214)
HCC (100)
HCC (52)
HCC (40)
HCC (278)

Nishikawa et al. [24]
Imai et al. [21]
Takada et al. [25]
Saeki et al. [19]
Nault et al. [23]
Mir et al. [22]
Labeur et al.

Psoas muscle index Yes
No

HCC (93)
HCC (40)

Hiraoka et al. [20]
Yamashima et al. [19]

Muscle density No HCC (278) Labeur et al.

SATI No
No

HCC (52)
HCC (278)

Nault et al. [23]
Labeur et al.

VATI Yes
Yes
No

HCC (52)
HCC (100)
HCC (278)

Nault et al. [23]
Saeki et al. [19]
Labeur et al.

TATI No HCC (278) Labeur et al.

Visceral fat percentage No HCC (278) Labeur et al.

BMI No
No
No

HCC (40)
HCC (52)
HCC (278)

Imai et al. [21]
Nault et al. [23]
Labeur et al.

Muscle + fat (complementary) Yes
Yes

HCC (100)
HCC (278)

Saeki et al. [19]
Labeur et al.

Toxicity
Skeletal muscle index Yes

Yes
Yes
No
No

RCC (55)
HCC (40)
HCC (52)
HCC (214)
HCC (278)

Antoun et al. [35]
Mir et al. [22]
Nault et al. [23]
Takeda et al. [25]
Labeur et al.

Lean body mass No HCC (52) Nault et al. [23]

Muscle density No HCC (278) Labeur et al.

SATI No
No
No

HCC (40)
HCC (52)
HCC (278)

Mir et al. [22]
Nault et al. [23]
Labeur et al.

VATI No
No
No

HCC (40)
HCC (52)
HCC (278)

Mir et al. [22]
Nault et al. [23]
Labeur et al.

TATI No
No
No

RCC (55)
HCC (40)
HCC (278)

Antoun et al. [35]
Mir et al. [22]
Labeur et al.

Visceral fat percentage No HCC (278) Labeur et al.
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With regards to toxicity, low SMM has been associated with increased sorafenib exposure 
and dose-limiting toxicity in both advanced-stage HCC and renal cell carcinoma [22, 23, 35]. 
Nevertheless, in our study none of the body composition parameters was significantly asso-
ciated with increased sorafenib toxicity or reduced maximum tolerated dose. Our findings are 
in concordance with Takada et al. [25], who also reported applying dose reductions in patients 
at high age or in those experiencing adverse events. These discrepancies may be explained by 
variations in clinical practice. In our practice, patients started half dose (200 mg b.i.d.) with 
toxicity-adjusted dosing to full dose (400 mg b.i.d.), as opposed to starting full-dose sorafenib 
in prior studies. Lower starting doses with tolerability-based dose escalation have been 
shown to decrease the rates of sorafenib discontinuation due to adverse events [36]. 

Combined low SMM and low TATI was associated with the poorest survival in this study. 
Clinical features of this subgroup (lower muscle and fat index, lower hemoglobin, lower 
albumin) reflect a poor nutritional state that meets the criteria of cancer cachexia [8]. These 
results are in concordance with 2 prior studies showing a complementary effect of body 
composition components on HCC outcomes [18, 19]. This is also in concordance with the 
current consensus that cachexia severity is a continuum with various stages of severity [8]. 
Currently used prognostic scores for assessing clinical performance and severity of disease 
(i.e. ECOG PS, BCLC stage, Child-Pugh) were not significantly different to other patients and 
thus are not suitable to detect these patients. These scoring systems also have significantly 
inter-observer variability. BMI only correlated strongly with fat indexes (TATI, SATI and 
VATI), but poorly with muscle index. Presence of ascites might also cause an overestimation 
of BMI. Considering the limitations of current prognostic clinical scores and BMI, body compo-
sition assessment on baseline CT images can be a useful noninvasive clinical tool that is tech-
nically easy to implement. Moreover, body composition may be used to stratify patients in 
randomized clinical trials comparing new agents with sorafenib. 

Whether and how the outcomes of patient with unfavorable body composition can be 
improved remains debatable. First, a better understanding of the complex hormonal, inflam-
matory, and metabolic alterations in liver cirrhosis and HCC is needed [13, 37]. Sorafenib 
undergoes extensive biotransformation to several active metabolites [38], but the role of 
altered host metabolism is poorly understood. Based on the current evidence, improving 
outcomes in patients with cachexia may be possible with a multimodal approach (nutritional 
support, exercise, pharmacological agents) [8, 39]. However, this might not be superior to 
symptom palliation in case of severe cachexia. Therefore, future prospective trials aiming to 

Outcome/
body composition parameter

Correlation Diagnosis 
(patients, n)

Reference

BMI Yes
No
No

RCC (55)
HCC (40)
HCC (278)

Antoun et al. [35]
Mir et al. [22]
Labeur et al.

BSA No HCC (40) Mir et al. [22]

Muscle + fat (complementary) No HCC (278) Labeur et al.

Reference Labeur et al. refers to the present study. BMI, body mass index; BSA, body surface area; HCC, 
hepatocellular carcinoma; RCC, renal cell carcinoma; SATI, subcutaneous adipose tissue index; SMI, skeletal 
muscle index; TATI, total adipose tissue index; VATI, visceral adipose tissue index.

Table 4 (continued)
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counteract cachexia and subsequently improve outcomes of these patients should compare a 
multimodal intervention with symptom palliation only [7]. 

The main limitation of our study is the retrospective design and its inherent limitations. 
Firstly, the exclusion of patients because of non-availability of CT images or documented body 
height might have caused selection bias. Furthermore, retrospective assessment of sorafenib 
outcomes is prone to reporting bias. Nevertheless, there were no differences in baseline char-
acteristics between the included and excluded patients, and primary (OS) and secondary 
outcomes (TTP, response rate, toxicity) were comparable with previous large series [31, 40]. 
The risk of selection bias was reduced by including patients with CT images 1–3 months prior 
to sorafenib initiation, who did not have statistically significant differences in body compo-
sition compared with patients who had CT imaging ≤4 weeks prior to start. Despite these 
limitations, our study is the largest validation of the prognostic value of body composition 
parameters in HCC patients treated with sorafenib in a European country. The standardized 
assessment of all patients in a multidisciplinary team meeting and prospective response eval-
uation allowed for the assembly of a robust dataset. Therefore, our study may be considered 
representative for the daily clinical practice of a European tertiary referral center for HCC.

In conclusion, in Dutch HCC patients treated with sorafenib, combined low SMM and low 
TATI was associated with impaired survival, independent of known predictors. CT assessment 
of body composition is a valid method providing additional prognostic information prior to 
sorafenib treatment. Future prospective trials should investigate the pathophysiology of 
altered body composition and determine whether an intervention can reverse this nutritional 
status and improve outcomes. 
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