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Abstract

BACKGROUND

Sarcopenia may be associated with hepatocellular carcinoma (HCC) following
hepatectomy. But traditional single clinical variables are still insufficient to predict
recurrence. We still lack effective prediction models for recent recurrence (time to
recurrence < 2 years) after hepatectomy for HCC.

AIM
To establish an interventable prediction model to estimate recurrence-free
survival (RFS) after hepatectomy for HCC based on sarcopenia.

METHODS

We retrospectively analyzed 283 hepatitis B-related HCC patients who underwent
curative hepatectomy for the first time, and the skeletal muscle index at the third
lumbar spine was measured by preoperative computed tomography. 94 of these
patients were enrolled for external validation. Cox multivariate analysis was per-
formed to identify the risk factors of postoperative recurrence in training cohort.
A nomogram model was developed to predict the RFS of HCC patients, and its
predictive performance was validated. The predictive efficacy of this model was
evaluated using the receiver operating characteristic curve.

RESULTS
Multivariate analysis showed that sarcopenia [Hazard ratio(HR) = 1.767, 95%Cl:
1.166-2.678, P < 0.05], alpha-fetoprotein = 40 ng/mL (HR = 1.984, 95%CI: 1.307-
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3.011, P < 0.05), the maximum diameter of tumor > 5 cm (HR = 2.222, 95%CI: 1.285-3.842, P < 0.05), and hepatitis B
virus DNA level > 2000 IU/mL (HR = 2.1, 95%ClI: 1.407-3.135, P < 0.05) were independent risk factors associated
with postoperative recurrence of HCC. Based on the sarcopenia to assess the RFS model of hepatectomy with
hepatitis B-related liver cancer disease (SAMD) was established combined with other the above risk factors. The
area under the curve of the SAMD model was 0.782 (95%CI: 0.705-0.858) in the training cohort (sensitivity 81%,
specificity 63%) and 0.773 (95%CI: 0.707-0.838) in the validation cohort. Besides, a SAMD score = 110 was better to
distinguish the high-risk group of postoperative recurrence of HCC.

CONCLUSION

Sarcopenia is associated with recent recurrence after hepatectomy for hepatitis B-related HCC. A nutritional status-
based prediction model is first established for postoperative recurrence of hepatitis B-related HCC, which is
superior to other models and contributes to prognosis prediction.

Key Words: Alpha-fetoprotein; Hepatitis B virus; Hepatectomy; Hepatocellular carcinoma; Nomogram; Predictive models;
Recurrence; Recurrence-free survival; Risk factors; Sarcopenia
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Core Tip: Our focus on the factors that can intervene or improve the adverse outcomes of postoperative recurrence in patients
with hepatitis B-related hepatocellular carcinoma (HCC) and establish a more effective model for predicting recurrence. Our
study found Sarcopenia is remarkably associated with recent recurrence after hepatectomy for hepatitis B-related HCC. The
SAMD model based on sarcopenia established in this study emphasizes the assessment and monitor of sarcopenia in
hepatitis B-related HCC patients and effectively assists clinicians in closely to identify and monitor high-risk populations to
improve the recurrence outcome of hepatitis B-related HCC patients after surgery through multi angle intervention measures.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide. For patients with early-stage HCC,
hepatic resection, and liver transplantation offer the most reasonable expectation for curative treatment[1]. Unfortunately,
the prognosis of HCC patients following curative resection remains dismal due to the high postoperative recurrence rate.
It is reported that 40%-70% of HCC cases present with disease recurrence within 5 years[2,3]. Currently, there is no
effective therapy to prevent the recurrence of HCC, which makes early identification and timely treatment of the high-
risk populations for HCC recurrence crucial to improving the prognosis of HCC.

Recurrence after hepatectomy for HCC is associated with many factors. Several prognostic scoring systems and
models, such as assessment for surveillance interval score (AS score)[4], early recurrence after surgery for liver tumor
(ERASL-pre), and model of recurrence after liver transplant (pre-MORAL)[5,6], have been developed to predict the risk of
HCC recurrence preoperatively. However, it is difficult to guide clinically targeted interventions to factors related to the
tumor. Nutritional status is crucial in determining the prognosis of HCC patients. Objective nutritional assessment and
timely nutritional intervention may improve patient prognosis. Sarcopenia is a representative indicator of nutrition,
associated with morbidity and mortality in various pathology, including colorectal, gastric, and liver[7,8]. Studies have
also found that sarcopenia is a risk factor for the recurrence of HCC after curative treatment[9,10]. It's worth noting that
measuring the skeletal muscle index (SMI) of the third lumbar spine (L3) by abdominal computed tomography (CT) is the
most objective method for assessing sarcopenia in liver disease[11]. This study aims to establish a comprehensive
prediction model for HCC recurrence based on sarcopenia to improve the prediction of early recurrence risk in HCC
patients undergoing hepatectomy, which can provide a reference for the formulation of comprehensive treatment plans
for patients.

MATERIALS AND METHODS
Study population

All patients who underwent primary hepatectomy for HCC at the Guizhou Provincial People's Hospital between January
2017 and September 2021 were retrospectively collected. The inclusion criteria included: (1) First hepatectomy for HCG;
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(2) no extrahepatic metastasis; (3) above 18 years old; and (4) history of chronic hepatitis B with positive hepatitis B
surface antigen. The exclusion criteria included: (1) Data incomplete; (2) history of hepatectomy for liver malignancies; (3)
history of transcatheter arterial chemoembolization for HCC; (4) history of chemotherapy for HCC; (5) particular
subtypes of HCC confirmed by resected specimens (such as intrahepatic cholangiocarcinoma and combined hepato-
cellular-cholangiocarcinoma); and (6) patients complicated with other malignant tumors. Detailed patient information is
shown in Figure 1. Specifically, 189 patients in the training cohort were hospitalized at the second ward of hepatobiliary
surgery; Moreover, 94 patients hospitalized in the third ward of hepatobiliary surgery at the Guizhou Provincial People's
Hospital were enrolled for external validation.

Clinical data

The demographic data and laboratory parameters of all patients were extracted by reviewing the medical records. All
biochemical and pathological indicators were determined in our laboratory. The laboratory parameters included alpha-
fetoprotein (AFP), alanine-aminotransferase (ALT), total bilirubin, albumin (ALB), international normalized ratio (INR),
leukocyte, platelet count (PLT), serum Hepatitis B virus deoxyribonucleic acid (HBV DNA). The pathological character-
istics of HCC including the degree of differentiation, liver capsular invasion, and microvascular invasion (MVI) were
recorded. The maximum tumor diameter and the third lumbar-skeletal muscle area (SMA) were measured by CT before
hepatectomy. Sarcopenia was assessed by the L3-SMI. Existing prediction models: AS score = 0.176 x age (year) + 17.279 x
INR-21.887[4]; ERASL-pre score = 0.818 x Gender (0: Female, 1: Male) + 0.447 x Albumin-Bilirubin (ALBI) grade (0:
Grade 1; 1: Grade 2 or 3) + 0.100 x In (Serum AFP in pg/L) + 0.580 x In (Tumor size in cm) + 0.492 x Tumor number (0:
Single; 1: Two or three; 2: Four or more)[5]; pre-MORAL score = tumor size > 3 cm (Score: 3) + AFP > 200 ng/mL (Score:
4) + and the neutrophil-lymphocyte ratio > 5 (Score: 6)[6]; Cut-offs to generate the risk groups: AS score > 9.26, ERASL-
pre score > 3.521 (high), ERASL-pre score > 3.521 (high), and pre-MORAL score > 7 (high). Use these models to rate in
our dataset.

Surgery and definition

In our institute, the selection of patients with HCC for hepatectomy was based on considering tumor factor, liver
functional status, and patient factor. A curative resection was defined as a complete resection of all macroscopically
evident tumors. The absence of tumor cells along the parenchymal transection line was confirmed histologically. No
tumors remained on CT or serological features in the remnant liver at 2 months after the operation. HCC recurrence was
defined as the recurrence of HCC after radical treatment of HCC. Recent recurrence [time to recurrence (TTR) < 2 years]
and forward recurrence (TTR 2 2 years) by TTR[12]. All recurrent tumors were new lesions diagnosed by radiological
features typical of HCC in the CT scans[13].

Using CT images, SMA and SMI at the L3 vertebra could be calculated and analyzed to evaluate skeletal muscle mass.
Data at CT were obtained at baseline. L3-SMI was calculated using the following formula: L3-SMI = L3 SMA (cm?)/the
square of the patient's height (m?). The diagnostic criteria of sarcopenia were determined based on the Japan Society of
Hepatology Guidelines for Sarcopenia in Liver Disease[14]. L3-SMI of female and male patients were < 38 cm?/m? and < 42
cm?/m?, respectively.

Assessment of recurrence
The follow-up imaging results of patients after HCC resection were reviewed every 3-6 months. Tumor recurrence was

defined as new lesions in the liver detected by liver ultrasound, CT, or magnetic resonance imaging, with elevated serum
AFP.

Ethics statement

The present study was approved by the Ethics Committee of Guizhou Provincial People’s Hospital and performed
according to the ethical guidelines of the 1975 Declaration of Helsinki. The requirement for informed consent was waived
due to the retrospective nature of the study and the anonymity of the data.

Statistical analysis

Categorical variables were presented in number and percentage (%), and variables were compared using the chi-square
test. Continuous variables are presented as mean * standard deviation or median (interquartile range). Quantitative
variables in normal distribution were compared by student's t-test or Mann-Whitney nonparametric U test. recurrence-
free survival (RFS) was calculated by the Kaplan-Meier method, and RFS curves were compared using the log-rank test.
The cox regression model performed univariate and multivariate analyses with a stepwise selection of variables. The
time-dependent area under the receiver operating characteristic curve ROC). Based on the selected independent
predictors, nomograms were constructed, and assessment calibration curves were plotted to assess the calibration of the
model. Statistical analysis was performed using IBM SPSS 23.0 software (IBM, Armonk, NY, United States), GraphPad
Prism 6.0 software (GraphPad Software, La Jolla, CA, United States), and the R statistical programming version 3.3.1
(Vienna, Austria, http:/ /www.r-project.org). A value of P < 0.05 was considered statistically significant.
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Patients underwent primary hepatectomy for hepatitis B-related HCC from January 2017 to September 2021 in the
Guizhou Provincial People's Hospital (Guizhou, China) (7 = 279)

Excluded data incomplete (7 = 37)

Data completed (n = 245)

53 patients were excluded as the following
reasons:

(1) History of hepatectomy for liver malignant
tumors (n = 85)

(2) History of transcatheter arterial
chemoembolization (7 = 13)

(3) History of chemotherapy for HCC (n = 3)
(4) Special types of HCC confirmed by resected
specimens (n = 28)

(5) Patients complicated with other malignant
tumors (n = 4)

189 patients were enrolled in the subsequent study

y A 2

Recurrence group (n = 94) Non-recurrence group (77 = 85)

i ,

Construct a predictive model Validation cohort (7 = 94)

Contrasting the efficacy of the different models

Figure 1 Flowchart of patients. HCC: Hepatocellular carcinoma.

RESULTS

Characteristics of patients

A total of 283 patients were recruited into the training and validation cohorts, including 241 men (85.2%) and 42 women
(14.8%), with a mean age of 52.71 + 11.15 years. The follow-up results showed that 144 (50.9%) patients developed
recurrence within 2 years after hepatectomy, and the median RFS was 7.67 months (95%CI: 6.59-8.75), The baseline
characteristics of the training and validation cohorts are presented in Table 1. All baseline characteristics were
comparable between the two cohorts (P > 0.05). Among the 189 patients enrolled in the training cohort, 104 (55%) patients
experienced HCC recurrence with the median RFS of 6 months (95%CI: 7.18-11.05), and the remaining 85 (45%) patients
were assigned to the non-recurrence group. Further, as shown in Table 2, the recurrence rate was higher in patients with
preoperative sarcopenia (66.7% vs 50.3%, P < 0.05) and HBV-DNA 2 2000 IU/mL (71% vs 47.2%, P < 0.05). There were
significant differences in tumor differentiation, MVI and the maximum diameter of tumor between the recurrence group
and the non-recurrence group (all P < 0.05). There was no significant difference in age, gender, liver capsular invasion,
liver cirrhosis, ALT, albumin, total bilirubin, leukocyte, INR, PLT between the recurrence group and the non-recurrence
group (P > 0.05).

Risk factors for HCC recurrence after hepatectomy

Univariate analysis showed that preoperative sarcopenia, tumor differentiation, the maximum diameter of tumor, HBV-
DNA level, and AFP > 40 ng/mL, tumor differentiation, MVI were related to HCC recurrence after hepatectomy (AFP
cut-off value was analyzed by the ROC curve). Further multivariate analysis revealed that preoperative sarcopenia, AFP >
40 ng/mL, the maximum diameter of tumor > 5 cm, and HBV-DNA level = 2000 IU/mL were independent risk factors of

HCC recurrence after hepatectomy, regardless of whether pathological factors were included in the multivariate analysis
(Table 3).

Construction and validation of the prediction model

The four available risk factors found to be independent predictors of RFS after hepatectomy were used to develop a
SAMD model, and a visual nomogram was established (Figure 2A). The total SAMD score was calculated using the
corresponding score obtained from the vertical line of each risk factor coordinate axis (corresponding to the last
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Table 1 Baseline characteristics of patients in the training and validation cohorts of hepatocellular carcinoma patients

Characteristic Total (n = 283) Training cohort (n = 189) Validation cohort (n = 94) Pvalue
Age (yr) 5271 +11.15 52.86 +11.65 52.43 +10.12 0.760
Gender, 1 (%) 0.467
Male 241 (85.2) 163 (86.2) 78 (83.0)

Female 42 (14.8) 26 (13.8) 16 (17.0)

Sarcopenia, 1 (%) 91 (32.2) 54 (28.6) 37 (39.4) 0.067
Liver cirrhosis, n (%) 169 (59.7) 105 (55.6) 64 (68.1) 0.053
MVI, 1 (%) 126 (44.5) 89 (47.1) 37 (39.6) 0.218
Tumor differentiation, n (%) 0.530
Poor 56 (19.8) 33 (17.5) 23 (24.5)

Moderate 128 (45.2) 81 (42.9) 47 (50.0)

Well 99 (35.0) 75 (39.6) 24 (25.5)

Liver capsular invasion 160 (56.5) 112 (59.3) 45 (51.1) 0.190
Maximum diameter of tumor, 1 (%) 0.062
<3cm 72 (25.4) 40 (21.2) 32 (34.0)

3-5 cm 62 (21.9) 43 (22.8) 19 (20.2)

>5cm 149 (52.7) 106 (56.1) 43 (45.7)

HBV-DNA, 7 (%) 0130
<2000 IU/mL 173 (61.1) 127(67.2) 46 (48.9)

22000 IU/mL 110 (38.9) 62 (32.8) 48 (51.1)

AFP 240 ng/mL 158 (55.8) 106 (56.1) 52 (55.3) 0.903
ALT, U/L 36 (26-58) 36 (26-51.75) 38.5 (26.75-63.5) 0.191
Total bilirubin (mmol/L) 14.80 (11.15-22.02) 14.80 (11.15-22.02) 19.8 (11.95-30.4) 0.051
Albumin, g/L 40.2 (35.80-43.70) 40.52 (35.43-43.98) 40.2 (36.32-43.02) 0.796
INR 1.02 (0.95-1.09) 1.01 (0.94-1.08) 1.04 (0.96-1.12) 0.146
Leukocyte, 10°/L 5.49 (4.24-7.14) 5.38 (4.37-6.49) 6.13 (4.04-8.05) 0.054
PLT, 10°/L 154 (105-207) 162 (109-220) 137 (94-185) 0.012
Recurrence 144 (50.9) 104 (55) 40 (42.6) 0.221

MVI: Microvascular invasion; HBV-DNA: Hepatitis B virus deoxyribonucleic acid; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; INR:

International normalized ratio; PLT: Platelet count.

coordinate axis) to get the 1- and 2-year RFS in each patient. To evaluate the SAMD model, we plotted a calibration curve
based on the actual probability of postoperative recurrence and the predicted probability of postoperative recurrence. The
calibration curves indicated a good consistency between the predicted and observed results in both the training cohort
and validation cohort (Figure 2B). Meanwhile, an online calculator was developed to permit easy clinical application:
https:/ /yuchch.shinyapps.io/ DynNomappRFS/. We can use Dynamic Nomogram to Predicted Survey at the Follow Up.

Predictive value of the model

Furthermore, we compared the SAMD model with other preoperative models and assessed their prognostic values by
analyzing the AUC (Figure 3A). The AUC of the SAMD model for predicting 2-year RFS was 0.782 (95%CI: 0.705-0.858) (P
< 0.001). The sensitivity and specificity were 81% and 63%. The AUC of the verification cohort for predicting 2-year RFS
was 0.773 (95%CI: 0.707-0.838), reflecting a good accuracy of the nomogram. For other models, the AUC of the AS score
was 0.555 (95%Cl: 0.472-0.637, P = 0.195), and the sensitivity and specificity were 37.9% and 77.7%, respectively. The AUC
of the ERASL-pre model. and the pre-MORAL model was 0.623 (95%ClI: 0.543-0.702, P = 0.004) and 0. 587 (95%ClI: 0.506-
0.669, P = 0.038), respectively. The sensitivity and specifcity were 55.8% and 68.1% for the ERASL-pre model and 81.1%
and 61.7% for the pre-MORAL model, respectively. From all the above, our nomogram exhibits favorable clinical
practicality and is a promising clinical decision-making tool. The SAMD model significantly outperforms other existing
prediction systems.
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Table 2 Baseline characteristics of and biochemical data of hepatocellular carcinoma patients in the training cohort

Characteristic Total (n = 189) Recurrence group (n=104)  Non-recurrence group (n=85) P value
Age (yr) 52.86 + 11.65 51.92 +11.42 54+11.88 0.751
Gender, 1 (%) 0.579
Male 163 (86.2) 91 (87.5) 72 (84.7)

Female 26 (13.8) 13 (12.5) 13 (15.3)

Sarcopenia, 1 (%) 54 (28.6) 36 (66.7) 18 (33.3) 0.042
Liver cirrhosis, 1 (%) 105 (55.6) 55 (52.4) 50 (47.6) 0.414
MV, 1 (%) 89 (47.1) 56 (62.9) 33 (37.1) 0.04
Tumor differentiation, n (%) 0.008
Poor 33 (17.5) 22 (66.7) 11 (33.3)

Moderate 81 (42.9) 51 (63.0) 30 (37.0)

Well 75 (39.6) 31 (41.3) 44 (58.7)

Liver capsular invasion 112 (59.3) 67 (59.8) 45 (40.2) 0.11
Maximum diameter of tumor, 1 (%) 0.003
<3cm 40 (21.2) 16 (40.0) 25 (60.0)

3-5cm 43 (22.8) 18 (41.9) 25 (58.1)

>5cm 106 (56.1) 70 (66.0) 38 (34.0)

HBV-DNA, 7 (%) 0.002
<2000 TU/mL 127 (67.2) 60 (47.2) 67 (52.8)

> 2000 IU/mL 62 (32.8) 44 (71.0) 20 (29.0)

AFP > 40 ng/mL 106 (56.1) 70 (66.0) 36 (34.0) 0.001
ALT, U/L 36 (26-51.75) 36 (28-52.75) 36 (22.25-51) 0.481
Total bilirubin (mmol/L) 14.80 (11.15-22.02) 15.90 (12.15-23.15) 14.3 (10.55-19.70) 0.051
Albumin, g/L 40.52 (35.43-43.98) 39.05 (34.65-43.5) 41 (36.62-44.48) 0.096
INR 1.01 (0.94-1.08) 1.0 (0.95-1.07) 1.01 (0.93-1.09) 0.846
Leukocyte, 10°/L 5.38 (4.37-6.49) 5.38 (4.24-6.79) 5.39 (4.5-6.36) 0.921
PLT, 10°/L 162 (109-220) 147 (100-200) 176 (116-234) 0.056

MVI: Microvascular invasion; HBV-DNA: Hepatitis B virus deoxyribonucleic acid; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; INR:
International normalized ratio; PLT: Platelet count.

Finally, the patients were divided into the high-risk and low-risk recurrence groups by the preselected cut-off point of
SAMD score 2 110. Further, the RFS rates predicted by different models were compared by the kaplan-meier curve
(Figure 3B). Meanwhile, according to hazard ratio (HR) by Cox regression, patients in the high-risk group with a SAMD
score = 110, ERASL-pre score > 3.521, pre-MORAL score > 7, and AS score > 9.26 had higher likelihood of recurrence
events than those patients in the low-risk group with the scores below cut-off points, and the HR were 4.228-fold, 2.053-
fold, 1.802-fold, and 1.506-fold, respectively. It is proved that a SAMD score > 110 can better distinguish the high-risk
group for postoperative HCC recurrence.

DISCUSSION

Surgical resection is the best option for HCC patients to get a cure[15]. However, it cannot be ignored that a high
recurrence rate after surgery. In our study, the recent recurrence rate is as high as 55%. Therefore, it is necessary to
analyze the risk factors affecting the recurrence of early-stage HCC patients and establish a predictive model to make the
prediction of recurrence risk. This study indicated that preoperative sarcopenic, AFP > 40 ng/mL, the maximum diameter
of tumor > 5 cm, and HBV-DNA level > 2000 IU/mL were independent prognostic predictors for recurrence after
hepatectomy. More importantly, in predicting the prognosis of HCC patients undergoing hepatectomy, the sarcopenia-
based nomogram named SAMD model showed superior discrimination over other indicators, indicating that this
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Table 3 Univariate and multivariate Cox proportional hazard models of hepatocellular carcinoma recurrence after hepatectomy

involving whether pathological factors in the training cohort

Variable Univariata analysls MuItivariz.a\te analysis without MuItivari?te analysis with
pathological factors pathological factors
HR 95%Cl P value HR 95%Cl P value HR 95%Cl Pvalue
Male 1.038 0.58-1.858 0.9
Age (yr) 0.991 0.975-1.007 0.255
Sarcopenia 1.61 1.073-2.416 0.022 1.814 1.196-2.751 0.005 1.819 1.199-2.759 0.005
Liver cirrhosis (yes, no) 0.888 0.593-1.328 0.562
Liver capsular invasion 1.289 0.863-1.927 0.215
ALT (U/L) 1 0.997-1.002 0.746
Total bilirubin (mmol/L)  0.994 0.975-1.014 0.577
Albumin (g/L) 0.971 0.942-1.001 0.061
INR 1.055 0.951-1.171 0.312
MVI 1.663 1.13-2.449 0.01
Tumor differentiation
Well Ref.
Moderate 1.764 1.127-2.76 0.013
Poor 1.93 1.115-3.34 0.019
Maximum diameter of
tumor
<3cm Ref. Ref. Ref.
3-5cm 1.063 0.542-2.087 0.858 1.134 0.576-2.233 0.715 1.151 0.585-2.268 0.684
>5cm 2.202 1.277-3.796 0.005 2.286 1.322-3.952 0.003 2.228 1.288-3.852 0.004
HBV-DNA
<2000 IU/mL Ref. Ref. Ref.
>2000 IU/mL 2.007 1.358-2.966 <0.001 2.191 1.468-3.272 <0.001 2.162 1.45-3.223 <0.001
AFP 240 ng/mL 1.92 1.269-2.904 0.002 2.032 1.322-3.952 <0.001 1.823 1.198-2.773 0.005

MVI: Microvascular invasion; HBV-DNA: Hepatitis B virus deoxyribonucleic acid; AFP: Alpha-fetoprotein; ALT: Alanine aminotransferase; INR:

International normalized ratio; PLT: Platelet count.

nomogram may be helpful for clinical monitoring and timely intervention.

Previous studies have shown that recurrence after hepatectomy is associated with characteristics of tumors themselves,
surgery-related factors, and patient's state including large tumor size, satellite lesions, poorly differentiated tumors,
vascular invasion, age, male gender, and so on[16-19]. In this study, MVI, tumor differentiation degree, and tumor
diameter were statistically different between the recurrence and non-recurrence groups. Since many risk factors of HCC
recurrence can not be modified (such as age and pathological type), our focus should be on factors that can be intervened
or improved preoperatively, which is even more attractive for clinical treatment guidance.

Our study found that 28.6% patients presented with sarcopenia, 66.7% of which experienced postoperative recurrence
in the training cohort. Sarcopenia is accepted as one of the independent risk factors for postoperative recurrence[10].
Patients without sarcopenia can typically achieve a more prolonged RFS during follow-up. dietary supplementation may
substantially improve muscle mass in cancer patients[20]. The mechanism underlying the association between sarcopenia
and HCC recurrence is unclear but may be related to the tumor microenvironment (inflammation and immunity) and
cytokine (myokines and adipokines)[21]. It seems promising to improve the prognosis through nutritional intervention.
However, correcting the nutritional status takes a long time, and delaying surgical intervention in patients with cancer
may worsen the prognosis and result in tumor progression. Therefore, we should strengthen the preoperative and
postoperative monitoring of sarcopenia, supplement nutritional treatment, and implement long-term monitoring of
nutritional status. Since every patient after hepatectomy of HCC requires an abdominal CT examination in follow-up.
Determining sarcopenia by calculating abdominal CT SMI is feasible and objective, which shortens the patient's time and
does not increase additional evaluation costs.
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Figure 2 Predicting the probability of 1- and 2-yr recurrence-free survival in hepatocellular carcinoma patients at 1- and 2-yr after
hepatectomy using a visualized SAMD model's nomogram (SAMD model: Sarcopenia, alpha-fetoprotein = 40 ng/mL, the maximum
diameter of tumor > 5 cm, and hepatitis B virus level 2 2000 IU/mL). A: Calibration plots of predicted 1- and 2-yr recurrence-free survival based on the
cox regression model in the training and validation cohorts; B: Training cohort (a and b); validation cohort (c and d). AFP: Alpha-fetoprotein; RFS: Recurrence-free
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survival; HBV: Hepatitis B virus; SAMD: Based on the sarcopenia to assess the recurrence-free survival model of hepatectomy with hepatitis B-related liver cancer
disease.
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Figure 3 Comparison of receiver operating characteristic curves and recurrence-free survival rates between SAMD model and other
models in predicting 2-year recurrence in hepatocellular carcinoma patients after hepatectomy. SAMD model [sarcopenia, alpha-fetoprotein
(AFP) = 40 ng/mL, the maximum diameter of tumor > 5 cm, and hepatitis B virus deoxyribonucleic acid level = 2000 IU/mL]; assessment for surveillance interval
score (age and international normalized ratio); pre-model of recurrence after liver transplantation (tumor size > 3 cm, AFP = 200 ng/mL, and Neutrophil-to-lymphocyte
ratio > 5); the pre-operative model, early recurrence after surgery for liver tumor: (Gender, albumin-bilirubin grade, AFP, tumor size, and tumor number). A: Receiver
operating curve; B: Recurrence-free survival rates. pre-MORAL: Pre-model of recurrence after liver transplantation; ERASL-pre: The pre-operative model, early
recurrence after surgery for liver tumor; AS: Assessment for Surveillance interval score; SAMD: Based on the sarcopenia to assess the recurrence-free survival
model of hepatectomy with hepatitis B-related liver cancer disease.

On the other hand, HBV infection is the leading cause of HCC worldwide, accounting for 33% of cases[22], which is
also still one of the main factors causing HCC in China[5]. Many studies have shown that viral load plays a crucial role in
the prognosis of HCC[23,24]. In this study, we observed a more significant recurrence rate in patients with high viral
load. HBV DNA levels > 2000 IU/mL were an independent prognostic factor for HCC recurrence after curative
hepatectomy. At the same time, we also observed that although the recurrence rate is low in low-level viremia, 47.2% of
patients still have a recurrence. Studies have shown that low-level viremia patients with a relatively low viral load can
still benefit from effective antiviral therapy, significantly reducing HCC recurrence after hepatic resection[25]. Herein, it is
recommended to use a highly sensitive real-time quantitative PCR method to detect HBV DNA, with a lower quantitative
limit of 10-20 IU/mL or even lower, thereby initiating antiviral therapy or adjusting the treatment schedule promptly.

Several studies have proposed the prediction models of HCC recurrence, such as the preoperative (ERASL-pre) and
postoperative (ERASL-post) risk models[5] based on gender, ALBI score, serum AFP, and tumor volume and quantity.
The pre-MORAL and postoperative post-MORAL models[6] can predict recurrence after liver transplantation. The
RETREAT scale can also assess the risk of recurrence after liver transplantation[5]. The AS score evaluates the risk of
recurrence after liver resection and radiofrequency ablation[4]. However, the current prediction models didn't consider
nutritional factors. Therefore, we compared the SAMD model with other preoperative prediction models and revealed
that the SAMD model was more capable of predicting postoperative recurrence. Furthermore, compared for the different
models prediction of RFS between the low- and high-risk groups, which revealed that the RFS rate in the high-risk
patients with a SAMD model was lower than that in patients with an AS score and pre-MORAL. Patients in the high-risk
group of the SAMD scores, the ERASL-pre scores, the Pre-MORAL scores and the AS scores had higher likelihood of
recurrence events, and the hazard regression ratio are 4.228-fold, 2.053-fold, 1.802-fold and 1.506-fold, respectively. It is
proved that a SAMD score was better to distinguish the high-risk group of postoperative recurrence of HCC than other
model. Besides, a SAMD score < 110 can better distinguish the low-risk group of postoperative HCC recurrence, which is
also significantly outperforms other prediction models. The RFS curve of the SAMD model indicates that the application
of this model may extend the monitoring interval for low-risk patients, reduce patient economic costs, and improve social
benefits.

However, the present study also has some limitations. Firstly, as a retrospective single-center study, this study has a
limited sample size. This could limit the generalizability of the findings to a broader population. Extensive prospective
studies with different geographical locations, ethnic backgrounds, or healthcare systems are needed to verify the model's
efficacy. Secondly, the study does not seem to account for potential confounding factors that could influence the results,
such as the patient's overall health status, lifestyle factors, or other comorbidities. Patients with liver cirrhosis and those
without liver cirrhosis were included in this study. Although these groups were well-balanced, different grades of liver
cirrhosis and varying degrees of portal hypertension might introduce selection bias and impact our results. On the other
hand, limitations in statistical methods may also affect the effectiveness of the model. In addition, only the hepatitis B
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population was selected in this study, lacking the discussion of other causes.

CONCLUSION

In conclusion, we revealed that sarcopenia before hepatectomy is associated with recent recurrence after hepatectomy for
hepatitis B-related HCC patients, and the prediction model based on liver nutrition was first established for postoperative
recurrence of hepatitis B-related HCC. the SAMD model based on sarcopenia has favorable performance in predicting
RFS in patients undergoing hepatectomy for hepatitis B-related HCC. It is helpful for the comprehensive clinical
intervention in such patients. In the future, we need to further validate and apply this model, and conduct prospective
studies to explore the impact of nutritional interventions on patient survival outcomes.

ARTICLE HIGHLIGHTS

Research background

The recurrence of hepatocellular carcinoma (HCC) has a significant impact on the survival outcomes of patients, and
early prediction and intervention can help improve patient survival outcomes. Nutritional factors have always been a hot
topic of concern and are prone to intervention.

Research motivation

Sarcopenia is one of the effective indicators for evaluating nutritional status in chronic liver disease, which was reported
that sarcopenia as a negative prognostic factor in patients with HCC. Hence, it is necessary to incorporate them into
models for predicting early recurrence of HCC to screen out high-risk groups, as they may require more aggressive
intervention.

Research objectives
This study aimed to construct a nutrition-based model to estimate recurrence-free survival (RFS) after hepatectomy for
hepatitis B-related HCC based on sarcopenia.

Research methods

According to the inclusion and exclusion criteria, 283 patients with hepatitis B-related HCC were eventually enrolled in
this retrospective study: 189 patients in the training cohort and 94 patients in the validation cohort. Skeletal muscle index
at the third lumbar spine was evaluated according to abdominal computed tomography scans before hepatectomy.
Independent predictors of disease recrudescence were evaluated with univariate and multivariate Cox proportional
hazard models in training cohort, and A nomogram model was developed to predict the RFS of HCC patients. Its
predictive performance was validated in the validation cohort. Furthermore, we compared the predictive model with
other preoperative models and assessed their prognostic values by analyzing the time-dependent area under the receiver
operating characteristic curve (tdAUROC).

Research results

Our data demonstrated that among 144 (50.9%) patients developed recurrence within 2 years after hepatectomy, and the
median RFS was 7.67 months (95%CI: 6.59-8.75). Multivariate analysis showed that sarcopenia, alpha-fetoprotein > 40 ng/
mL, the maximum diameter of tumor > 5 cm, and hepatitis B virus DNA level = 2000 IU/ mL were independent risk
factors associated with postoperative recurrence of HCC. The SAMD model predicting the RFS of HCC patients was
established based on the above factors. The area under the curve of the SAMD model was 0.782 (95%CI: 0.705-0.858) in
the training cohort (sensitivity 81%, specifcity 63%) and 0.773 (95%CI: 0.707-0.838) in the validation cohort. Besides, a
SAMD score = 110 was better to distinguish the high-risk group of postoperative recurrence of HCC compared to other
models. Further multicenter studies are warranted to validate our findings.

Research conclusions

Our study highlights the strong correlation between sarcopenia and recent recurrence after hepatectomy for hepatitis B-
related HCC. A predictive model based on sarcopenia for assessing recent recurrence after liver resection for hepatitis B-
associated hepatocellular carcinoma was developed for the first time.

Research perspectives

The SAMD model based on sarcopenia has favorable performance in predicting RFS in patients undergoing hepatectomy
for hepatitis B-related HCC. It is helpful for the comprehensive clinical intervention in such patients. In the future, we
need to further validate and apply this model, and conduct prospective studies to explore the impact of nutritional
interventions on patient survival outcomes.
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