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Abstract
Treatment-related toxicities and decreased levels of patient performance during cancer therapy might contribute to body
composition changes (BCC) and thereby impact outcomes. This study investigated the association between BCC during
transcatheter arterial chemoembolization (TACE) and outcome in patients with hepatocellular carcinoma (HCC), and de-
veloped a nomogram for predicting survival in combination with clinical prognostic factors (CPF). Pretreatment and post-
treatment computed tomography (CT) images of 75 patients with HCC who were treated between 2015 and 2018 were
analyzed. The bone mineral density (BMD), cross-sectional area of paraspinal muscles (CSAmuscle), subcutaneous fat area (SFA),
and visceral fat area (VFA) were measured from two sets of CT images. Count the changes in body composition during
treatment and sort out the CPF of patients. Using cox regression models, CSAmuscle change, SFA change, VFA change, child-push
class, and portal vein thrombosis were independent prognostic factors for overall survival (OS) (HR=5.932, 2.384, 3.140, 1.744,
1.794, respectively. P < 0.05). Receiver operating characteristic curves (ROCs) showed the prediction model combination of
BCC and CPF exhibited the highest predictive performance (AUC=0.937). Independent prognostic factors were all contained
into the prognostic nomogram, the concordance index (C-index) of prognostic nomogram was 0.787 (95% CI, 0.675�0.887).
Decision curve analysis (DCA) demonstrated that the prognostic nomogram was clinically useful. Nomogram-based risk
classification systems were also constructed to facilitate risk stratification in HCC for optimization of clinical management. In
conclusion, we identified CSAmuscle change, SFA change, VFA change, Child-Pugh class, and portal vein thrombosis were
independent prognostic factors for HCC. The prognostic nomogram with a combination of BCC and CPF that can be applied in
the individualized prediction of survival in patients with HCC after TACE.
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Introduction

Hepatocellular carcinoma (HCC) is the main histological
subtype of liver cancer, and its incidence continues to rise
worldwide, especially in developed countries.1 The estimated
1-year and 2-year survival of untreated HCC is 17.5% and
7.3%, respectively.2 Transcatheter arterial chemoembolization
(TACE) is the main treatment for HCC patients who are
untreatable by resection.3 Once initial treatment fails, further
treatment options are severely limited. Thus, accurate

prediction of prognosis as early as possible is critical. Clinical
prognostic factors (CPF, including histology, tumor size, and
lymph node metastasis) can guide the choice of therapy, but
these factors are widely restricted in clinical applications
because of tumor heterogeneity. Therefore, a reliable prog-
nostic model must be established to provide opportunities for
modifying and improving treatment and follow-up strategies.

Changes in body composition during cancer treatment are
related to lack of exercise, malnutrition, chemotherapy-related
toxicity, and tumor proliferation, which in turn affect the
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patient’s prognosis.4-6 Some studies have found a significant
decline in bone density during cancer treatment.7,8 Sarcopenia
is associated with poor prognosis of cancer patients according
to emerging evidence.9-13 Three recent large studies have
shown that adiposity was also an independent prognostic
factor for cancer patients.14-16 The longitudinal studies of
body composition changes (BCC) in patients with HCC
during TACE treatment may provide a more comprehensive
analysis of the relationship between BCC and prognosis.
However, there is still a lack of relevant data regarding the
potential impact of changes in bone density, muscle, and
adipose tissue during TACE on the prognosis of patients with
HCC. Quantitative computed tomography (QCT) can quan-
titatively measure bone density, muscle, and adipose tissue. In
addition, CT images are widely used in the diagnosis and
follow-up of patients with HCC. Therefore, CT images are
easy to obtain before and after treatment, and hence, can be
used as potential imaging biomarkers to predict outcomes in
clinical practice.

This study aimed to evaluate the overall predictive value of
survival to TACE through the combination of BCC and
pretreatment CPF in patients with HCC. A novel predictive
paradigm was developed by synergizing the predictive ca-
pacity of BCC during TACE and pretreatment CPF.

Methods

Patients

Patients with biopsy-proven HCC who had received definitive
TACE with curative intent at our institution between March
2015 and June 2018 were eligible. Patients were included
when the following criteria were met: (1) abdominal CT scan
was performed before TACE and again after the completion of
the TACE course, (2) both CT scans were of sufficient quality
for accurate tissue area measurement, (3) complete relevant

clinical data could be collected from the patient’s medical
chart, and (4) except for TACE, no surgery, radiotherapy, or
other treatments were received between pretreatment CTscans
and posttreatment CT scans. Patients who received surgery
before TACE (n=2) or radiotherapy before TACE (n=2) were
excluded. Basic characteristics and clinical prognostic factors
were obtained from the patients’ medical records.

Treatment

All patients received TACE once or several times. Fasting for
8 hours before TACE, emptying of urine and feces, training
breath holding. Local anesthesia was performed, the right
femoral artery was punctured by the Seldinger technique, and
a catheter was routinely placed. The distribution of lesions and
blood supply arteries were confirmed by digital subtraction
angiography (DSA). After the correct positioning of catheter,
epirubicin, 5-fluorouracil, and doxorubicin were used as
chemotherapy drugs. Thirty milliliters ultra-fluid lipiodol
embolic agent and gelatin sponge particles were used for
embolization. Review 1 month after TACE, and the next
TACE treatment will be decided according to the accumu-
lation of iodized oil in the tumor.

Computed Tomography-Based Body
Composition Analysis

Pretreatment and posttreatment CT images were analyzed re-
spectively, the pretreatment CT scan was routinely performed
before TACE, and the post-treatment CT scan was routinely
performedwithin 1month after the end of the TACE course. CT
image parameters included the following: whether scans were
contrast enhanced or unenhanced, 1.25 mm slice thickness, 120
kVp, 250 mAand 40 cm field of view (DFOV). Images were
transferred to a QCT Pro workstation (Mindways Software,
Version 4.2.3; Mindways, Austin, TX, USA) by the image
transfer utility set up on the CT scanner. The 2013 guidelines of
the American College of Radiology on bone mineral density
(BMD) measurement by QCT indicated that mean BMD value
of first and second lumbar vertebra (L1 and L2) were used to
diagnose osteoporosis.17 Measurement of BMD, on the axial,
sagittal, and coronal images, the region of interest (ROI) were
located at the center of L1 and L2 (Figure 1A). In order to avoid
the partial volume effect of cortical bone, the ROI margin was
greater than 3 mm distal the lumbar borders. The area of the
ROI was about 250�350 mm2, as large as possible within the
selected boundary. BMD value was the mean BMD of L1 and
L2 vertebra. We measured the cross-section area (CSA) of
paraspinal muscles, including multifidus muscle and erector
spinae muscle, and adipose tissue area at the mid-vertebral level
slice of L3. The L3 vertebra was selected as a standardized
landmark, as the cross-sectional area of muscle and adipose
tissue on the CT at the level of the L3 vertebra has a strong
correlation with the total body muscle and fat mass.18,19

Measurements of CSA of paraspinal muscles (CSAmuscle)
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was semiautomatically completed by the commercial software
package: “Tissue Composition Module” Beta 1.0 (Mindways,
Austin, TX, USA). The QCT Pro “Tissue Composition
Module” could define an optional contour around a muscle or
group of muscles. A spline was used to constrain the position of
the contour, and a “snake” operation to accurately fit the contour
to the muscle group (Figure 1B). The user can modify the spline
boundary by moving the spline control points as needed. Si-
multaneously, measurements of subcutaneous fat area (SFA)
and visceral fat area (VFA) automatically completed by “Auto
Snake” in the function of “Tissue Composition” (Figure 1C).
The intra-observer reproducibility of the measurements for
BMD, CSAmuscle, SFA, and VFA was high, with pretreatment
intraclass correlation coefficients (ICCs) of 0.922, 0.913, 0.896,
and 0.912, respectively, and post-treatment ICCs of 0.931,
0.902, 0.908, and 0.905, respectively.

Changes in body composition were evaluated according to
the differences between the pretreatment and posttreatment
CT images. Taking into account the changes in the interval
between two CT scans, changes in the BMD, CSAmuscle, SFA,
and VFA between the pretreatment and posttreatment CT
images were calculated as the change per 120 days to provide a

standardized unit for comparisons between patients. To
simulate the definition of cachexia, patients with a reduction or
increase in BMD, CSAmuscle, SFA, or VFA of ≥0% were
classified as having “loss” or “gain,” respectively.

Statistical Analysis

Classification of categorical variables based on clinical results.
In this study, all the optimal cut-off points were evaluated by
reference range, and continuous variables were converted into
categorical variables. Survival curves were constructed using
the Kaplan–Meier method with log-rank tests. All variables
with a P < 0.05 on log-rank tests were subjected to multi-
variate cox regression analysis. Cox proportional hazards
models were used to estimate the hazard ratios (HRs) and 95%
confidence intervals (CIs) of independent prognostic factors
and risk of outcomes. According to the median survival time,
the patients were divided into the good and poor prognosis
groups. Receiver operating characteristic (ROC) analyses
were performed for the independent prognostic factors to
determine the overall predictive performance of the BCC
model, CPF model, and combination model.

Figure 1. Measurement of bone mineral density (BMD) of L1 and L2 vertebrae (A); measurement of cross-sectional area of paraspinal
muscles (CSAmuscle) at L3 vertebral layer (B); measurement of subcutaneous fat area (SFA) and visceral fat area (VFA) at L3 vertebral
layer (C).
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Independent prognostic factors which based on the mul-
tivariate cox regression analysis were applied to develop a
prognostic model for HCC after TACE. The prognostic no-
mogram was constructed for predicting 1-year and 2-year OS.
To quantify the discrimination performance of the prognostic
nomogram, we evaluated the Harrell’s concordance index
(C-index). In short, the C-index value greater than 0.75 is
considered to have better resolution. The decision curves were
also plotted for the model of BCC, CPF, and combined, and
the net benefits of probability threshold were quantified to
show its clinical application value. Furthermore, we used the
prognostic nomogram to calculate the score of each patient.
Then a risk classification system was established based on the
total score of each patient, and the patients were divided into
low-, medium-, or high-risk groups according to the best cut-
off values. Kaplan–Meier curve and log-rank test were used to
illustrate and compare the OS of patients in different risk
groups.

The X-tile program (version 3.6.1) was applied to deter-
mine the best cut-off points. Statistical analysis was done
using SPSS 19.0 (IBM SPSS, Armonk, New York) and R
software (version 3.6.1, http://www.rprobject.org). Statistical
significance was fixed at P < 0.05.

Results

We identified 90 patients TACE treated for HCC between
2013 and 2018 (Figure 2). After exclusion of 8 patients
(surgery before TACE, radiotherapy before TACE, and/or
patients without sufficient clinical data), pretreatment and
posttreatment QCT measurements were evaluated in 82 pa-
tients. The other 7 patients were excluded because of either
missing CT scans after treatment or poor scan quality. Finally,

75 patients were measured with QCT. The age of the patients
ranged from 40 to 70 years with a mean age of 54.5 years.
Among them, 63 of 75 (84%) were males, and 12 of 75 (16%)
were females. The median duration between diagnosis and
pretreatment CT scans was 7 days (interquartile range: 4–10
days). The median duration between pretreatment CT scans
and TACE was 7 days (interquartile range: 3–11 days).

Body Composition Changes During Treatment

The median duration between pretreatment CT scans and
posttreatment CT scans was 109 days (interquartile range: 51–
143 days) for all patients. Among them, the median duration
between pretreatment CT scans and posttreatment CT scans
for patients with OS of <14 months (n=36) and OS of ≥14
months (n=39) were 115 days (interquartile range: 48–156
days) and 85 days (interquartile range: 57–131 days), re-
spectively, and there was no statistical difference between
them (P = 0.311). Supplementary Table S1 summarizes the
body composition at baseline and posttreatment and its
changes during treatment. Overall, BMD changes during
treatment were �8.7% per 120 days, 42 (56%) patients ex-
perienced BMD loss, and 33 (44%) patients experienced BMD
gain. CSAmuscle changes during treatment were �3.3% per
120 days, 46 (61%) patients experienced CSAmuscle loss, and
29 (39%) patients experienced CSAmuscle gain. SFA changes
during treatment were �29.8% per 120 days, 44 (59%) pa-
tients experienced SFA loss, and 31 (41%) patients experi-
enced SFA gain. VFA changes during treatment were 20.0%
per 120 days, 36 (48%) patients experienced VFA loss, and
39 (52%) patients experienced VFA gain. In addition,
Supplementary Table S2 shows the correlation between fre-
quency of TACE, ECOG score, disease recurrence, and body

Figure 2. Flow chart for patient inclusion. CT, computed tomography.
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Table 1. Kaplan–Meier Survival Analysis of 75 Patients with HCC.

Characteristics N
Median Survival

χ2 P-valuea

Overall Survival Rate
(%)

(Month) 1 year 2 year

Sex — — 0.009 0.926 — —

Male 63 14 — — 60.3 11.1
Female 12 9 — — 41.7 8.3

Age (year) — — 2.216 0.137 — —

<50 28 14 — — 57.1 17.9
≥50 47 14 — — 57.4 6.4

BMD change — — 0.312 0.577 — —

Loss 42 12 — — 50.0 14.3
Gain 33 16 — — 66.7 6.1

CSAmuscle change — — 30.344 <0.001b — —

Loss 46 10 — — 39.1 2.2
Gain 29 21 — — 86.2 24.1

SFA change — — 15.141 <0.001b — —

Loss 44 12 — — 47.7 2.3
Gain 31 20 — — 71.0 22.6

VFA change — — 22.069 <0.001b — —

Loss 36 20 — — 69.4 22.2
Gain 39 12 — — 46.2 0.0

AFP (μg/L) — — 6.865 0.009b — —

<400 23 20 — — 69.6 21.7
≥400 52 13 — — 51.9 5.8

AST (IU/L) — — 0.811 0.368 — —

<50 38 14 — — 57.9 7.9
≥50 37 14 — — 56.8 13.5

ALT (IU/L) — — 3.624 0.057 — —

<50 32 15 — — 71.9 15.6
≥50 43 13 — — 51.2 7.0

TBIL (μmol/L) — — 0.755 0.385 — —

<20 39 15 — — 66.7 10.3
≥20 36 12 — — 55.6 11.1

ALB (g/L) — — 0.120 0.729 — —

<35 26 9 — — 46.2 11.5
≥35 49 15 — — 63.3 10.2

ECOG score — — 4.926 0.085 — —

0 25 20 — — 64.0 20.0
1 41 13 — — 56.1 7.3
2 9 12 — — 44.4 0.0

BCLC stage — — 5.038 0.060 — —

A 10 21 — — 70.0 20.0
B 47 14 — — 68.1 48.9
C 18 12 — — 33.3 5.2

Child-Pugh class — — 13.551 <0.001b — —

A 38 18 — — 84.1 15.8
B 37 9 — — 29.7 5.4

Portal vein thrombosis — — 13.325 <0.001b — —

No 32 17 — — 78.1 18.8
Yes 43 10 — — 41.9 4.7

Cirrhosis — — 0.480 0.488 — —

No 28 14 — — 64.3 7.1
Yes 47 13 — — 53.2 12.8

(continued)
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composition changes. The frequency of TACE for CSAmuscle

loss was significantly higher than that for CSAmuscle gain (P =
0.007). However, there were no significant differences in
BMD, SFA, and VFA (all P > 0.05). The Eastern Cooperative

Oncology Group (ECOG) score for VFA gain was signifi-
cantly higher than that for VFA loss (P = 0.018). However,
there were no significant differences in BMD, CSAmuscle, and
SFA (all P > 0.05). In addition, there were no significant

Table 1. (continued)

Characteristics N
Median Survival

χ2 P-valuea

Overall Survival Rate
(%)

(Month) 1 year 2 year

Tumor diameter (cm) — — 0.955 0.329 — —

<5 23 9 — — 30.4 13.0
≥5 52 15 — — 86.5 9.6

Tumor type — — 9.996 0.007b — —

Massive 37 14 — — 62.2 18.9
Nodular 22 14 — — 54.5 4.5
Disseminated 16 7 — — 50.0 0.0

Frequency of TACE — — 0.245 0.885 — —

1 20 11 — — 45.0 10.0
2 37 14 — — 62.2 10.8
≥3 18 15 — — 61.1 11.1

Disease recurrence status — — 4.134 0.121 — —

0 (No) 42 16 — — 63.4 21.1
1 (Yes) 33 13 — — 42.1 13.1

Abbreviations: HCC, hepatic cell carcinoma; BMD, bone mineral density; CSA muscle, cross-sectional area of paraspinal muscles; SFA, subcutaneous fat area;
VFA, visceral fat area. AFP, alpha fetal protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TBIL, total bilirubin; ALB, albumin; ECOG:
Eastern Cooperative Oncology Group; BCLC: Barcelona Clinic Liver Cancer; TACE, transcatheter arterial chemoembolization.
aLog-rank test.
bP < 0.05.

Figure 3. Kaplan–Meier curves demonstrating overall survival according to (A) CSAmuscle change, (B) SFA change, (C) VFA change, (D) portal
vein thrombosis, (E) Child-Pugh class, (F) AFP, and (G) Tumor type groups. OS, overall survival; CSAmuscle, cross-sectional area of paraspinal
muscles; SFA, subcutaneous fat area; VFA, visceral fat area; AFP, alpha fetal protein.
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differences between disease recurrence and body composition
changes (all P > 0.05).

Body Composition Changes and Clinical Prognostic
Factors for Survival

The median survival time was 14 (range 7 to 30) months. The
1-year and 2-year OS rates for all patients combined were
61.3% and 12.0%, respectively. The 6-month recurrence rate
of all patients was 44.3%, of which intrahepatic recurrence and
extrahepatic recurrence accounted for 54.5% and 45.5%, re-
spectively. In addition, 1 patient developed liver abscess after
TACE treatment. BCC during treatment and pretreatment CPF
[AFP: alpha fetal protein (AFP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), total bilirubin
(TBIL), albumin (ALB), ECOG score, Barcelona Clinic Liver
Cancer (BCLC) stage, Child-Pugh class, portal vein throm-
bosis, cirrhosis, tumor diameter, tumor type, frequency of
TACE, disease recurrence status] were analyzed according to
Kaplan–Meier survival analysis (Table 1). The CSAmuscle

change, SFA change, VFA change, AFP, Child-Pugh class,
portal vein thrombosis, and tumor type were predictors of OS
after TACE for HCC (all P < 0.05). The survival curves were
shown in Figure 3. However, BMD change, sex, gender, AST,
ALT, TBIL, ALB, ECOG score, BCLC stage, cirrhosis, tumor
diameter, frequency of TACE, and disease recurrence status
were not associated with OS (all P > 0.05). As for the BCLC
stage, further analysis found that only stage A and stage C had
statistical difference (P = 0.035; Supplementary Table S3).
After multivariate analysis, CSAmuscle loss (HR: 5.928, 95%
CI: 2.464�12.266, P < 0.001), SFA loss (HR: 2.384, 95% CI:
1.308�3.343, P = 0.005), VFA gain (HR: 3.140, 95% CI:

1.534�6.428, P = 0.001), Child-Pugh grade (HR: 1.744, 95%
CI: 1.024�2.972, P = 0.041), and portal vein thrombosis (HR:
1.794, 95% CI: 1.033�3.117, P = 0.038) were independent
risk factors of survival after TACE for HCC (Table 2).

Predictive Efficacy of Body Composition Changes and
Clinical Prognostic Factors

According to the median survival time (14 months), the pa-
tients were divided into the good and poor prognosis group. In
Table 3, ROC curve analysis yielded the performance of BCC
for the prediction of prognosis showed an accuracy, speci-
ficity, and sensitivity of 83.2%, 69.8%, and 89.2%
(AUC=0.842), respectively. The AUC of CPF was 0.812, with
an accuracy, specificity, and sensitivity of 81.3%, 80.1%, and
83.2%, respectively. For predicting the prognosis of HCC after
TACE, the combination of BCC and CPF had the highest
AUC (AUC=0.937, 95% CI: 0.885�0.988), accuracy
(89.3%), specificity (87.6%), and sensitivity (91.9%). The
ROC curves are presented in Figure 4.

Development and Performance of the
Prognostic Nomogram

The prognostic nomogram was based on BCC (CSAmuscle

change, SFA change, and VFA change) and CPF (Child-Pugh
class and portal vein thrombosis). Each factor was assigned a
weighted number of points. The total number of points for each
patient was calculated using the prognostic nomogram, and was
associated with an estimated probability of 1-year and 2-year
OS for HCC after TACE (Figure 5A). The prognostic nomo-
gram yielded a C-index of 0.787 (95% CI, 0.675�0.887).
Finally, we used DCA to assess whether this nomogram would
help with clinical treatment strategies (Figure 5B). The decision
curve showed relatively good performances for the prognostic
nomogram with BCC combined with CPF. Across majority of
the range of reasonable threshold probabilities, the DCA
showed that BCC combined with CPF model had the most net
benefit compared with a "treat all" strategy, a "treat none"
strategy, and the body composition change model, and clinical
prognostic factors model.

Risk Classification System

In addition to the prognostic nomogram, we have also built a
risk classification system to divide patients into low-risk,
intermediate-risk, and high-risk groups based on the total
score of each patient generated by the nomogram (Table 4).
Based on the best cut-off values obtained by X-tile program,
HCC patients were divided into the low-risk (score: 0–155),
intermediate-risk (score: 156–253), and high-risk groups
(score: 254–323), respectively. The Kaplan–Meier curves re-
vealed that prognosis of different risk groups could be accu-
rately distinguished by the risk classification systems (Figure 6).

Table 2. Cox Multivariate Analysis of 75 Patients with HCC.

Features Hazard Ratio (95%CI) p-value

CSAmuscle change — —

Gain Reference —

Loss 5.928 (2.464�12.266) <0.001
SFA change — —

Gain Reference —

Loss 2.384 (1.308�3.343) 0.005
VFA change — —

Loss Reference —

Gain 3.140 (1.534�6.428) 0.001
Child-Pugh grade — —

A Reference —

B 1.744 (1.024�2.972) 0.041
Portal vein thrombosis — —

No Reference —

Yes 1.794 (1.033�3.117) 0.038

Abbreviations: HCC, hepatic cell carcinoma; CI, confidence interval; CSA-
muscle, cross-sectional area of paraspinal muscles, SFA: subcutaneous fat area;
VFA, visceral fat area.
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Discussion

This is the first study to examine the longitudinal changes in
body composition and their associations with prognoses in
patients with HCC who underwent TACE. We found that
CSAmuscle loss, SFA loss, and VFA gain during TACE were
independent poor prognostic factors associated with reduced OS
in patients with HCC. In addition, Child-Pugh class and portal
venous thrombosis were independent risk factors. On this basis,
we planned to develop and validate a prognostic nomogram,
which included BCC and CPF with good predictive efficacy.

Muscle loss is the core manifestation of cachexia. Cachexia
occurs in most patients with advanced tumors and causes
20%�60% of cancer patients’ deaths.20 The present study
showed that loss of CSAmuscle during TACE and a shorter OS
are closely related (HR: 5.928, 95% CI: 2.464�12.266, P <
0.001), with 1-year and 2-year 0S of 39.1%, 2.2%, which is
supported by previous studies. Lee et al9 revealed that skeletal
muscle loss during concurrent chemoradiotherapy was an
independent poor prognostic factor associated with reduced
OS and cancer-specific survival (CSS) in patients with locally
advanced cervical cancer. Lee et al10 also validated that

Table 3. The ROC Analysis for Each Individual Feature, Overall BCC, Overall CPF and BCC with CPF.

Features AUC 95% CI p-value Accuracy (%) Sensitivity (%) Specificity (%)

Overall BCC 0.842 0.752�0.932 <0.001 83.2 69.8 89.2
CSAmuscle change 0.775 0.665�0.885 <0.001 77.3 65.8 89.2
SFA change 0.641 0.515�0.767 0.035 64.0 55.3 73.0
VFA change 0.680 0.558�0.803 0.007 68.0 65.8 70.3
Overall CPF 0.812 0.732�0.894 <0.001 81.3 80.1 83.2
Child-Pugh grade 0.787 0.679�0.894 <0.001 81.2 78.9 78.4
Portal vein thrombosis 0.681 0.558�0.804 0.007 65.3 60.5 75.7
BCC with CPF 0.937 0.885�0.988 <0.001 89.3 87.6 91.9

Abbreviations: ROC, receiver operating characteristic; BCC, body composition changes; CPF, clinical prognostic factors; AUC, area under curve; CI, confidence
interval; CSAmuscle, cross-sectional area of paraspinal muscles; SFA, subcutaneous fat area; VFA, visceral fat area.

Figure 4. The ROC curves of BCC, CPF, and the combination of the twomethods for predicting prognosis in patients with HCC after TACE.
BCC, body composition changes; CPF, clinical prognostic factors; AUC, area under curve.
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muscle radiodensity loss during cancer therapy is predictive
for poor survival in advanced endometrial cancer. But the
direct cause-and-effect relationship is unclear. When cachexia
occurs in advanced cancer, its associated metabolic changes,
inflammatory responses, and reduced muscle nitrogen stores
may be related to the poor prognosis caused by muscle loss.21

In patients with HCC, reduced activity caused by bed rest and
poor nutrition caused by poor appetite during TACEwill cause
more muscle loss and more likely to have complications.22,23

In a study of older women diagnosed with ovarian cancer,
perioperative malnutrition was also associated with poorer
tumor reduction surgical outcomes and shorter survival.24

Figure 5. Nomogram, including CSAmuscle, SFA, VFA, Child-Pugh class and Portal vein thrombosis, for 1-year and 2-year OS in patients with
HCC after TACE. The nomogram is valued to obtain the probability of 1-year and 2-year survival by adding up the points identified on the
points scale for each variable. CSAmuscle, cross-sectional area of paraspinal muscles; SFA, subcutaneous fat area; VFA, visceral fat area; OS,
overall survival (A). Decision curve analysis (DCAs). The net benefit is shown on the y-axis and the threshold probability is shown on the
x-axis. Use of the BCC combined with CPF nomogram (blue line) achieves the highest net benefit compared with the BCC (red line), CPF
(green line), treat-all strategy (gray line), and the treat none strategy (horizontal black line). BCC, body composition changes; CPF, clinical
prognostic factors (B).
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Furthermore, muscle loss itself is also related to increased
chemotherapy toxicity, poor physical fitness, and longer
postoperative recovery time.25,26

At present, a large amount of evidence confirms that
visceral fat obesity, characterized by visceral fat accumulation
and high VFA/SFA ratio, can increase the occurrence of
various cancers, postoperative recurrence, and death risks.27,28

Moon et al29 investigated the prognostic significance of
visceral obesity in 161 resectable colorectal cancer patients,
and observed that increased visceral adiposity was a signifi-
cant predictor of disease-free survival (DFS) in patients.
Gerard et al30 studied the VFA and OS of 222 patients with
clear cell renal cell carcinoma and found that woman with
VFA greater than 30.9% had an increased risk of death (HR:
3.66, 95% CI: 1.64�8.19). Similar to previous studies, this
study found that increased visceral fat is a risk factor for the
prognosis of HCC patients after TACE (HR: 3.14, 95% CI:
1.53�3.34). One proposal concerning the link between VFA
and HCC is as follows. Visceral adipose tissue is a meta-
bolically active organ and not simply fat-storing tissue and
secretes or synthesizes many proteins, such as insulin like
growth factor-1 and cytokines, such as, tumor necrosis factor-
α, interleukin-6, and adiponectin that are known to be asso-
ciated with insulin resistance.31 Moreover, visceral obesity is
associated with insulin resistance, during which both insulin
like growth factor-1 and insulin levels are elevated. In par-
ticular, insulin is an important growth factor for liver cancer
cells in vitro, and insulin like growth factor-1 inhibits apo-
ptosis and promotes cell-cycle progression, which can lead to
the development of cancer.32,33 The results of our study also
demonstrate that the risk of death was reduced with the loss of
SFA (HR: 2.38, 95%CI: 1.31�3.43). The reason for this could
be related to the loss of SFA and cancer cachexia.

Table 4. Score Assignment and Risk Stratification.

Features Category Score

CSAmuscle change Loss 100
— Gain 0
SFA change Loss 67
— Gain 0
VFA change Loss 0
— Gain 69
Child-Pugh class A 0
— B 43
Portal vein thrombosis No 0
— Yes 44
Risk classification Low-risk 0�155
— Intermediate-risk 156�253
— High-risk 254�323

Abbreviations: CSA muscle, cross-sectional area of paraspinal muscles; SFA,
subcutaneous fat area; VFA, visceral fat area.

Figure 6. Kaplan–Meier curves of overall survival for the low-, intermediate-, and high-risk patients.
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The present study showed that the combination of BCC
with CPF may create new opportunities for improving
prognostic abilities. A combination of BCC and CPF for
discriminating prognosis yielded an AUC of 0.937, and the
accuracy, sensitivity, and specificity were improved to a
certain extent compared to BCC or CPF alone.

Nomograms have been developed and shown to be more
accurate than the conventional methods for predicting prog-
nosis in some cancers.34,35 Thus, we sought to develop a
prognostic nomogram to help identify HCC patients with poor
prognosis after TACE, which combined with BCC (CSAmuscle

change, SFA change, and VFA change) and CPF (Child-Push
class and portal vein thrombosis). The prognostic nomogram
performed well in predicting overall survival, which showed
adequate discrimination in the cohort (C-index, 0.787). In
addition, the combined prognostic model, with the greatest net
benefits across most of the threshold probabilities in DCA,
outperformed the single BCC and CPF models. Therefore, to
facilitate clinical applications, we constructed a prognostic
nomogram combining the changes in body composition
during treatment with pretreatment clinical characteristics.
The scoring system can generate the 1-year and 2-year sur-
vival probability of HCC patients after TACE to realize the
individualized prediction of the prognosis of HCC patients by
clinicians, which is in line with the current development trend
of individualized precision medicine.

This study found the frequency of TACE for CSAmuscle loss
was significantly higher than that for CSAmuscle gain. How-
ever, in Kaplan–Meier survival analysis, the frequency of
TACE was not associated with OS. Analyze the reasons, on
the one hand, the increase in the frequency of TACE can lead
to malnutrition and lesser physical activity, resulting in
CSAmuscle loss, thereby affecting the prognosis, and frequent
treatment can cause liver damage and aggravate liver cirrhosis.
However, on the other hand, the frequency of TACE may be a
protective factor for patients with advanced HCC. Some
patients cannot tolerate the treatment or give up the treatment
due to their poor general condition during treatment, and most
of the patients receiving repeated TACE treatment are sen-
sitive to treatment and have good physical conditions. When
the lesion is large, TACE treatment is difficult to completely
necrosis the tumor, and the residual tumor may lead to the
possibility of tumor recurrence. Therefore, repeated and
regular treatment is very important to control the development
of tumor, which can further necrosis of residual tumor tissue,
increase the necrosis rate of tumor lesions, improve curative
effect, and prolong patient survival.

Our study had several limitations. First, only the muscles of
a single level of L3 vertebral were measured, not the entire
volume of the paraspinal muscles. This study only examined
multifidus muscle and erector spinae muscle, excluding psoas
major muscle. Second, considering its retrospective design,
we were unable to measure food intake and physical activity,
which may affect changes in body composition. Therefore, we
cannot determine the causal relationship between changes in

body composition during treatment and the prognosis of HCC
patients, but can only reveal the correlation between them.
Third, the nomogram was established based on data obtained
from one institution with a small sample size, so multicenter
prospective and external validation studies are needed to
extend the versatility of the experimental results. Despite these
limitations, the strength of our study is that patients received
very similar treatments and consistently underwent pretreat-
ment and posttreatment CT. The medical records were
complete, and the follow-up period was also adequate. Taken
together, our findings contribute strongly to the increasing
body of research showing that prognoses are clearly associated
with BCC during treatment, and a reliable prognostic model
can be established in combination with CPF.

Conclusion

In conclusion, CSAmuscle loss, SFA loss, and VFA gain during
TACE, as well as Child-Pugh class and portal vein thrombosis
before treatment, were independent risk prognostic factors for
HCC. Our study established a prognostic nomogram that
combined BCC and CPF, which can be used as an individ-
ualized noninvasive tool for predicting survival in patients
with HCC after TACE, assisting in clinical treatment decision-
making and help improve clinical outcomes.

Appendix A

Abbreviations

AUC Area under the curve
AFP Alpha fetal protein
AST Aspartate aminotransferase
ALT Alanine aminotransferase
ALB Albumin
BCC Body composition changes
BMD Bone mineral density
ECOG Eastern Cooperative Oncology Group
BCLC Barcelona Clinic Liver Cancer
CPF Clinical prognostic factors

CSAmuscle Cross-sectional area of paraspinal muscles
CI Confidence interval

C-index Concordance index
DCA Decision curve analysis
DFS Disease-free survival
HCC Hepatic cell carcinoma
HR Hazard ratio
OS Overall survival

QCT Quantitative computed tomography
ROC Receiver operating characteristic
SFA Subcutaneous fat area

TACE Transcatheter arterial chemoembolization
TBIL Total bilirubin
VFA Visceral fat area.
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A meta-analysis of survival rates of untreated patients in ran-
domized clinical trials of hepatocellular carcinoma. Hepatology.
2010;51(4):1274-1283.

3. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. Lancet.
2018;391(10127):1301-1314.

4. Caan BJ, Cespedes Feliciano EM, Kroenke CH. The importance
of body composition in explaining the overweight paradox in
cancer-counterpoint. Cancer Res. 2018;78(8):1906-1912.

5. Pin F, Barreto R, Kitase Y, et al. Growth of ovarian cancer
xenografts causes loss of muscle and bone mass: a new model
for the study of cancer cachexia. J Cachexia Sarcopenia Muscle.
2018;9(4):685-700.

6. Pin F, Barreto R, Couch ME, Bonetto A, O’Connell TM. Ca-
chexia induced by cancer and chemotherapy yield distinct
perturbations to energy metabolism. J Cachexia Sarcopenia
Muscle. 2019;10(1):140-154.

7. Cohen B, Hiller N, Szalat A, Vainstein V. Opportunistic eval-
uation of bone mineral density by pet-ct in hodgkin lymphoma
patients. Endocr Pract. 2019;25(9):869-876.

8. Wei RL, Jung BC, Manzano W, et al. Bone mineral density loss
in thoracic and lumbar vertebrae following radiation for ab-
dominal cancers. Radiother Oncol. 2016;118(3):430-436.

9. Lee J, Chang CL, Lin JB, et al. Skeletal muscle loss is an
imaging biomarker of outcome after definitive chemoradiotherapy
for locally advanced cervical cancer. Clin Cancer Res. 2018;
24(20):5028-5036.

10. Lee J, Lin JB, Wu MH, et al. Muscle radiodensity loss during
cancer therapy is predictive for poor survival in advanced en-
dometrial cancer. J Cachexia Sarcopenia Muscle. 2019;10(4):
814-826.

11. Martin L, Birdsell L, Macdonald N, et al. Cancer cachexia in the
age of obesity: skeletal muscle depletion is a powerful prog-
nostic factor, independent of body mass index. J Clin Oncol.
2013;31(12):1539-1547.

12. Choi MH, Oh SN, Lee IK, Oh ST, Won DD. Sarcopenia is
negatively associated with long-term outcomes in locally ad-
vanced rectal cancer. J Cachexia Sarcopenia Muscle. 2018;9(1):
53-59.

13. Rutten IJ, van Dijk DP, Kruitwagen RF, Beets-Tan RG, Olde
Damink SW, van Gorp T. Loss of skeletal muscle during ne-
oadjuvant chemotherapy is related to decreased survival in
ovarian cancer patients. J Cachexia Sarcopenia Muscle. 2016;
7(4):458-466.

14. Caan BJ, Cespedes Feliciano EM, Prado CM, et al. Association
of muscle and adiposity measured by computed tomography
with survival in patients with nonmetastatic breast cancer. JAMA
Oncol. 2018;4(6):798-804.

15. Ebadi M, Martin L, Ghosh S, et al. Subcutaneous adiposity is an
independent predictor of mortality in cancer patients. Br J
Cancer. 2017;117(1):148-155.

16. Fujiwara N, Nakagawa H, Kudo Y, et al. Sarcopenia, intra-
muscular fat deposition, and visceral adiposity independently
predict the outcomes of hepatocellular carcinoma. J Hepatol.
2015;63(1):131-140.

17. ACR–SPR–SSR Practice Guideline for the Performance of
Quantitative Computed Tomography (QCT) Bone Densitometry.
[2014-08-12]. http://www.acr.org/∼/media/ACR/Documents/
PGTS/guidelines/QCT.pdf.

18. Shen W, Punyanitya M, Wang Z, et al. Total body skeletal
muscle and adipose tissue volumes: estimation from a single
abdominal cross-sectional image. J Appl Physiol. 2004;97(6):
2333-2338.

19. von Haehling S, Anker SD. Prevalence, incidence and clinical
impact of cachexia: facts and numbers-update 2014. J Cachexia
Sarcopenia Muscle. 2014;5(4):261-263.

20. Fearon K, Arends J, Baracos V. Understanding the mechanisms
and treatment options in cancer cachexia. Nat Rev Clin Oncol.
2013;10(2):90-99.

21. Kortebein P, Ferrando A, Lombeida J, Wolfe R, Evans WJ.
Effect of 10 days of bed rest on skeletal muscle in healthy older
adults. Jama. 2007;297(16):1772-1774.

12 Cancer Control

https://orcid.org/0000-0002-9813-2321
https://orcid.org/0000-0002-9813-2321
https://orcid.org/0000-0001-7296-8801
https://orcid.org/0000-0001-7296-8801
https://orcid.org/0000-0001-9005-6005
https://orcid.org/0000-0001-9005-6005
https://orcid.org/0000-0003-3883-5698
https://orcid.org/0000-0003-3883-5698
http://www.acr.org/%7E/media/ACR/%20Documents/PGTS/guidelines/QCT.pdf
http://www.acr.org/%7E/media/ACR/%20Documents/PGTS/guidelines/QCT.pdf
http://www.acr.org/%7E/media/ACR/%20Documents/PGTS/guidelines/QCT.pdf


22. Schiesser M, Kirchhoff P, Müller MK, Schäfer M, Clavien PA.
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