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Background and Objective: During the disease course of patients with BCLC B/C hepatocellular carcinoma (HCC) receiving
systemic therapy, approximately half of the patients will develop cachexia. Therefore, early identification of which patients are likely
to develop cachexia is of crucial significance.This study aims to construct and validate a nomogram for predicting the risk of cachexia
in this population based on common clinical parameters.

Patients and Methods: This retrospective single - center study involved 906 patients managed at the Fifth Medical Center of
Chinese PLA General Hospital from January 2020 to December 2023. Baseline clinical imaging data, biochemical indicators, and
relevant clinical data of patients before systemic treatment were collected. All patients were followed up to record treatment regimens
and document weight changes for cachexia diagnosis. The data were stratified into a training cohort and a validation cohort. In this
study, LASSO regression alongside univariate and multivariate Logistic regression analyses were utilized to ascertain independent risk
factors linked to cachexia occurrence, and further to construct and validate a diagnostic nomogram.

Results: This nomogram incorporates predictors such as patient age, maximum size of intrahepatic lesions, extrahepatic metastasis,
neutrophil-to-lymphocyte ratio (NLR), and total bile acids, demonstrating good predictive performance. In the training and validation
cohorts, its Harrell’s concordance index (C-index) reached 0.865 (95% CI: 0.836-0.895) and 0.820 (95% CI: 0.768-0.871),
respectively. Calibration curves demonstrated strong consistency between the nomogram’s predicted outcomes and the actual
measured values, and decision curve analysis (DCA) further substantiated its clinical applicability.

Conclusion: This nomogram shows good predictive performance and can effectively identify high-risk individuals, but it is limited
by its single-center retrospective design and requires further verification and optimization through multicenter prospective studies.
Keywords: cancer-related cachexia, targeted immunotherapy, model evaluation, weight loss

Introduction

Cancer-related cachexia is a metabolic disorder syndrome caused by multiple factors, characterized by involuntary weight
loss, mainly manifested by persistent loss of skeletal muscle mass (with or without loss of fat mass), which cannot be fully
reversed by traditional nutritional support.'> The presence of cachexia in cancer patients is associated with poor prognosis,
reduced treatment efficacy, and shorter survival time. It affects approximately 50-80% of cancer patients and is the direct
cause of death in about 30% of patients.>* Given the liver’s important role in nutrient metabolism, hepatocellular carcinoma
(HCC) is one of the cancers most frequently complicated by cachexia.’ Studies have shown that approximately 50.1% of HCC
patients develop cachexia during disease progression,® and it is an important independent risk factor for poor prognosis in
HCC.” For patients with Barcelona Clinic Liver Cancer (BCLC) stage B/C HCC, systemic therapy combined with local
treatment strategies have been widely used in clinical practice in recent years, significantly prolonging patients’ overall
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survival (OS). Yet, cachexia development remains a primary therapeutic challenge: it not only markedly reduces patients’
quality of life (QoL) but also strongly correlates with poor prognosis and higher mortality.>’

Currently, research on risk factors for cachexia in HCC patients has mainly focused on evaluating the predictive value
of baseline imaging biomarkers, such as body composition analysis parameters based on magnetic resonance imaging

! and metabolic parameters

(MRI) (eg, skeletal muscle index, visceral fat area),'® functional liver imaging score (FLIS),'
obtained by positron emission tomography (PET),'? among others. However, existing studies remain insufficient in the
systematic integration of multi-dimensional clinical data, including baseline demographic characteristics, medical history
data, clinical symptoms, laboratory test indicators, tumor biological characteristics, and treatment regimens during
follow-up. Meanwhile, cachexia in cancer patients is often underestimated and overlooked. The current clinical definition
of cancer-related cachexia mainly relies on weight monitoring, requiring 6 months of continuous monitoring for
diagnosis, which lacks sufficient sensitivity and has a lag, often leading to missed opportunities for early
intervention.'® This not only worsens patients’ general condition and quality of life but also impairs antitumor therapy
efficacy, underscoring the critical need for early identification of cachexia risk in HCC patients undergoing systemic
therapy to improve survival and quality of life.

Notably, with the advent of the era of systemic targeted immunotherapy, BCLC stage B/C HCC patients now widely
receive this treatment,'* while local therapies like transarterial chemoembolization (TACE) and hepatic arterial infusion
chemotherapy (HAIC) are increasingly used for this stage.'” Studies have shown that the incidence of cachexia in
patients receiving systemic targeted therapy is as high as 38.6%, which is significantly associated with shortened overall
survival (HR=1.64);'® moreover, the decrease in skeletal muscle mass after TACE is also associated with increased
mortality (HR=1.93)."” However, the specific link between different systemic/local treatment modalities and cachexia
risk remains unclear—for example, whether treatments contribute to cachexia via altering the inflammatory microenvir-
onment or disrupting nutritional metabolic pathways. This gap may impede clinicians’ ability to recognize “treatment-
related cachexia,” particularly in patients on multimodal combination therapy. Thus, future studies should prioritize
integrating and analyzing multidimensional routine clinical data to more conveniently and comprehensively identify
cachexia risk factors in BCLC stage B/C HCC patients undergoing systemic therapy. This will enable more precise
patient interventions and provide evidence-based support for individualized nutritional regimens.

This study seeks to employ clinical data from HCC patients to construct and verify a new nomogram tool, in order to
predict the probability of cachexia in BCLC stage B/C HCC patients scheduled to undergo systemic therapy.Compared
with existing methods, the nomogram constructed in this study has three key advantages: First, it integrates multi-
dimensional routine clinical data, which can address the single-modal limitation of models related to MRI/PET; Second,
it specifically targets patients with BCLC stage B/C — a population underrepresented in previous models — and
incorporates treatment-related variables, thus filling the gap in existing studies that ignore the impact of treatment; Third,
as a visual nomogram, it does not rely on specialized imaging equipment, making it more convenient for routine clinical
risk screening.This will enable earlier identification of patients at high risk of cachexia and prompt implementation of
targeted preventive and therapeutic measures.

Materials and Methods

Study Population

This study was reviewed and approved by the Ethics Committee of the Fifth Medical Center of Chinese PLA General
Hospital on June 27, 2025 (approval number: KY-2025-6-129-1). This study was conducted in accordance with the
principles of the 2013 revised Declaration of Helsinki. As a retrospective study, the Ethics Committee approved the
waiver of individual informed consent for this study.

Inclusion criteria were as follows: (1) All enrolled patients were diagnosed with HCC according to the criteria
established by the American Association for the Study of Liver Diseases (AASLD);'®(2) Planned to receive systemic
therapy with tyrosine kinase inhibitor (TKI) or TKI + programmed death-1 (PD-1) inhibitor; (3) BCLC stage B or C; (4)
Without cachexia; (6) With available baseline weight records; with at least 2 weight records during the 6-month follow-
up period; (7) Eastern Cooperative Oncology Group Performance Status (ECOG PS) score of 0-2; (8) With at least 1
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measurable target lesion according to modified Response Evaluation Criteria in Solid Tumors (mRECIST); (9) Duration
of systemic therapy > 3 months. Exclusion criteria were as follows: (1) Patients who had received any anticancer
treatment other than hepatectomy or ablation; (2) Child-Pugh class C; (3) With other comorbidities, such as other tumors,
pancreatitis, heart failure, kidney disease, chronic obstructive pulmonary disease, acute cholecystitis, severe liver
cirrhosis, severe fatty liver, massive ascites, patients using diuretics, or those with hepatic encephalopathy; (4) Patients
who received unconventional dosage regimens or had frequent dosage adjustments due to poor medication adherence
during follow-up; (5) Incomplete clinical or follow-up data.

We conducted a retrospective review of clinical data from 2282 BCLC stage B/C HCC patients undergoing TKI or
TKI + PD-1 therapy, who visited the Fifth Medical Center of Chinese PLA General Hospital from January 2020 to
December 2023. Subsequently, 1376 patients were excluded based on the inclusion and exclusion criteria: presence of
cachexia before receiving systemic therapy (n=623); Child-Pugh class C (n=101); ECOG PS score > 2 (n=111); previous
receipt of other anticancer treatments besides hepatectomy and ablation (n=233); complicated with severe cardiovascular
diseases, respiratory diseases, other malignant tumors, massive ascites, use of diuretics, etc. (n=163); and inadequate
clinical or follow-up data (n=145).Therefore, a total of 906 patients were included in the study. This 906-patient sample
size is statistically relatively stable, providing the required degrees of freedom for analysis and ensuring more accurate
and reliable results. Figure 1 shows the flow chart of eligible patient screening.

Data Collection

We conducted a comprehensive collection of clinical information for the enrolled patients, covering demographic data
including age, gender, and body mass index (BMI); medical history information such as hypertension, diabetes, hepatitis
B virus infection history, smoking, and drinking habits; laboratory test data and their calculated results including
hemoglobin (Hb), triglycerides (TG), interleukin-6 (IL-6), C-reactive protein (CRP), platelet-to-lymphocyte ratio

BCLC B/C HCC patients who received systemic therapy

from January 2020 to December 2023 (n=2282) Excluded (n=1376)
» cachexia had already developed (n=623)

* Child-Pugh class C (n=101)

+« ECOG PS score >2 (n=111)

» had received other anticancer treatments besides
hepatectomy and ablation (n=233)

* accompanied by severe cardiovascular diseases,
respiratory system disorders, other malignancies,

large ascites, use of diuretics, etc. (n=163)
‘ » incomplete clinical or follow-up data (n=145)

| Finally enrolled patients (n=906)

\I’ 7:3 ratio ‘J/

Training cohort (n=633) Validation cohort (n=273)

Validation of the nomogram

Identifying independent risk using the validation cohort

factors
* LASSO regression
« multivariate Logistic analysis

Evaluate the C-index, ROC curve,
calibration curve, DCA curve, and Kaplan-
Meier curve of the nomogram

Developing nomogram based
on the identified factors

Figure | Flowchart of this study.
Abbreviations: HCC, hepatocellular carcinoma;BCLC, Barcelona Clinic Liver Cancer; LASSO, least absolute shrinkage and selection operator; ROC, receiver operating
characteristic; DCA, decision curve analysis.
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(PLR), NLR, Controlled nutritional status grading (COUNT grade), alanine aminotransferase (ALT), total bile acids,
albumin (Alb), prealbumin, Child-Pugh score, and alpha-fetoprotein (AFP); tumor pathological features such as portal
hypertension, liver cirrhosis, maximum size of intrahepatic lesions, vascular invasion, extrahepatic metastasis, and BCLC
stage; as well as previous treatments received by patients, including surgery and ablation therapy. These data were all
obtained from the clinical records database when patients were first diagnosed with BCLC stage B/C HCC in our hospital
and planned to receive systemic therapy. In addition, we also tracked patients’ weight changes over six months and
recorded the treatment modalities received by patients within six months after the baseline time, including targeted
therapy, targeted therapy combined with immunotherapy, surgery, ablation, TACE/HAIC, and radiotherapy.

Treatment and Follow-Up
Regarding the individualized treatment selection of PD-1 inhibitors and targeted drugs (TKIs) during patient follow-up,

19:20 with comprehensive consideration

all decisions were made in accordance with China’s local practices and guidelines,
of patients’ specific conditions, economic burden, and personal preferences. In terms of treatment implementation,
modalities such as TACE, HAIC, surgery, ablation, and radiotherapy could be administered concurrently with drug
administration or performed within 3 months after drug administration, aiming to achieve significant control of local
lesions. The multidisciplinary team (MDT) played a crucial role in formulating these personalized treatment recommen-
dations. All first-line PD-1 inhibitors and targeted drugs were administered at recommended doses and frequencies.
Systemic therapy was continued until disease progression or the occurrence of unacceptable toxicities.

Follow-up assessments included regular evaluations of patients’ weight and treatment modalities, with intervals set at
6 to 9 weeks. The diagnostic criteria for cachexia were: weight loss exceeding 5% within 6 months without dieting, or
a body mass index (BMI) < 20 kg/m? with weight loss exceeding 2%.>*' Patients were followed up until death or the end
of the study (as of June 1, 2025).

Statistical Analysis

All statistical analyses in this study were performed using R software (Version 4.3.2), with the statistical significance
level set at P < 0.05. Based on the data distribution characteristics, continuous variables were described as mean +
standard deviation (mean+SD), and inter-cohort differences were quantified using the standardized mean difference
(SMD). Categorical variables were expressed as frequency (n) and percentage (n, %), and inter-cohort differences were
assessed using the standardized proportion difference (SPD). Criteria for determining baseline balance referred to
methodological consensus in the field: for continuous variables, if the absolute value of the standardized mean difference
(SMD) is less than 0.25; for categorical variables, if the absolute value of the standardized proportion difference (SPD) is
less than 0.25, the baseline characteristics of this variable between the two cohorts were deemed well-balanced.

During the data collection phase, information on candidate variables was extracted by reviewing original medical
records, this study first excluded variables with no clear biological link to the pathogenesis of cachexia (eg, patient ID,
admission date) to reduce irrelevant interference,with an overall data missing rate of < 2%. For missing values, the
predictive mean matching method was used for imputation, and missing information on some key clinical indicators was
supplemented and confirmed by consulting the attending physicians.

Given the potential multicollinearity among the initial 33 clinical variables, LASSO regression was first used for
dimensionality reduction. This method screens for core predictors by minimizing prediction errors and imposing
penalties on the absolute values of regression coefficients; only variables with non-zero coefficients were included in
subsequent univariate and multivariate Logistic regression analyses. In both univariate and multivariate Logistic regres-
sion analyses, the odds ratio (OR) and 95% confidence interval (CI) were used to describe the strength of association of
each risk factor. Among these, variables with P<0.1 in the univariate analysis were further included in the multivariate
analysis. Subsequently, a visual nomogram model was constructed based on the identified risk factors, and its discrimi-
native ability, calibration ability, and clinical utility were evaluated. Discriminative ability was assessed using the
C-index and AUC; calibration ability was evaluated via the calibration curve, which compares the probability of cachexia
predicted by the model with the actual occurrence probability. To evaluate the clinical applicability of the nomogram,
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decision curve analysis (DCA) was conducted, which assesses the net benefit of the model in clinical decision-making
through considering potential risks and benefits at different treatment thresholds.

Results

Clinicopathological Characteristics of the Enrolled Patients

A total of 906 patients were finally enrolled in this study, randomly split into the training cohort (n=633) and validation
cohort (n=273) with a 7:3 ratio. The training cohort focused on identifying risk factors and building a nomogram
prediction model, while the validation cohort was tasked with evaluating the model’s general applicability. Comparisons
of characteristics confirmed that there were no statistically significant differences in variables between the two cohorts
(see Table 1). The presented data included various parameters such as age, gender, tumor characteristics, laboratory test
results, and different treatment modalities. The mean ages of the two cohorts were similar, with a median age of 57 years

Table | Comparison of the Clinicopathological Characteristics Between the Training Cohort and the
Validation Cohort (Including SMD/SPD)

Characteristics Training Group | Validation Group | SMD/SPD | P value

(n=633) (n=273)
Age, meanSD (years) 56.8+8.2 59 (52, 64) —0.16 0.151
Total Bile Acids, Mean£SD (umol/L) 15.3x12.1 14.1£10.8 0.11 0.143
TG, MeanxSD (mmol/L) 0.98+0.35 0.96+0.32 0.06 0.388
Albumin, MeanSD (g/L) 37.244. 37.1+43 0.02 0.823
Prealbumin, Mean+SD (mg/L) 142.5+51.3 148.2+53.6 —=0.11 0.153
Hemoglobin, Mean£SD (g/L) 135.2x15.6 135.8x16.1 —0.04 0.843
PLR, Mean+SD 112.4+48.7 108.6+45.2 0.08 0.073
NLR, Mean+SD 231£1.42 2.25+1.38 0.04 0.177
IL-6, Mean%SD (pg/mL) 18.74£25.3 17.2423.1 0.06 0.145
CRP, Mean%SD (mg/L) 12.3+18.5 10.8+16.7 0.09 0.120
Categorical Variables SPD
Gender, n (%) 537 (84.8%)/ 241 (88.3%)/ —0.11 0.172
(Male/Female) 96 (15.2%) 32 (11.7%)
BMI, n (%) 18 (2.8%)/ 7 (2.6%)/ 0.05 0.687
(BMI <18.5 kg/m2/ 291 (46%)/ 134 (49.1%)/
18.5 kg/m2<BMI<24.0 kg/m2/ 324 (51.2%) 132 (48.4%)
224 kg/m2)
Hypertension, n (%) 437 (69%)/ 191 (70%)/ 0.02 0.781
(Nof/Yes) 196 (31%) 82 (30%)
Diabetes, n (%) 528 (83.4%)/ 222 (81.3%)/ 0.06 0.444
(No/Yes) 105 (16.6%) 51 (18.7%)
Smoking history, n (%) 318 (50.2%)/ 149 (54.6%)/ 0.09 0.230
(Nof/Yes) 315 (49.8%) 124 (45.4%)
Dinking history, n (%) 311 (49.1%)/ 153 (56%)/ 0.13 0.056
(No/Yes) 322 (50.9%) 120 (44%)
HBsAg, n (%) 124 (19.6%)/ 44 (16.1%)/ -0.10 0.217
(Negative/Positive) 509 (80.4%) 229 (83.9%)
AFP, n (%) 391 (61.8%)/ 182 (66.7%)/ 0.10 0.161
(<400ng/mL/=400ng/mL) 242 (38.2%) 91 (33.3%)
Child, n (%) 447 (70.6%)/ 188 (68.9%)/ 0.04 0.597
(A/B) 186 (29.4%) 85 (31.1%)
ALT, n (%) 431 (68.1%)/ 193 (70.7%)/ 0.06 0.437
(<40 U/mL/=40 U/mL) 202 (31.9%) 80 (29.3%)

(Continued)
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Table | (Continued).

Characteristics Training Group | Validation Group | SMD/SPD | P value
(n=633) (n=273)

Portal Hypertension, n (%) 125 (19.7%)/ 52 (19%)/ 0.02 0.807
(No/Yes) 508 (80.3%) 221 (81%)
Cirrhosis, n (%) 102 (16.1%)/ 33 (12.1%)/ —0.12 0.118
(No/Yes) 531 (83.9%) 240 (87.9%)
Maximum size of intrahepatic lesions, n (%) 326 (51.5%)/ 142 (52%)/ 0.0l 0.887
(£5cm/>5cm) 307 (48.5%) 131 (48%)
Vascular invasion, n (%) 262 (41.4%)/ 121 (44.3%)/ —0.06 0.412
(No/Yes) 371 (58.6%) 152 (55.7%)
Extrahepatic Metastasis, n (%) 421 (66.5%)/ 178 (65.2%)/ 0.03 0.703
(No/Yes) 212 (33.5%) 95 (34.8%)
BCLC, n (%) 190 (30%)/ 93 (34.1%)/ —0.09 0.227
(B/C) 443 (70%) 180 (65.9%)
COUNT grade, n (%) 125 (19.7%)/ 40 (14.7%)/ 0.09 0.261
(Grade |/Grade 2/Grade 3/Grade 4) 314 (49.6%)/ 138 (50.5%)/

170 (26.9%)/ 85 (31.1%)/

24 (3.8%) 10 (3.7%)

Previously undergone surgery or ablation, n (%) 328 (51.8%)/ 131 (48%)/ 0.08 0.290
(No/Yes) 305 (48.2%) 142 (52%)
Systematic Treatment, n (%) 166 (26.2%)/ 76 (27.8%)/ 0.04 0.614
(TKI/TKI Plus PD-1) 467 (73.8%) 197 (72.2%)
Combined Surgery, n (%) 607 (95.9%)/ 268 (98.2%)/ 0.13 0.084
(No/Yes) 26 (4.1%) 5 (1.8%)
Combined Ablation, n (%) 500 (79%)/ 226 (82.8%)/ 0.08 0.189
(No/Yes) 133 (21%) 47 (17.2%)
Combined TACE/HAIC, n (%) 322 (50.9%)/ 152 (55.7%)/ 0.11 0.184
(No/Yes) 311 (49.1%) 121 (44.3%)
Combined Radiotherapy, n (%) 551 (87%)/ 248 (90.8%)/ 0.10 0.104
(No/Yes) 82 (13%) 25 (9.2%)

Abbreviations: TG, Triglyceride; NLR, Neutrophil-to-Lymphocyte Ratio; PLR, Platelet-to-Lymphocyte Ratio; COUNT grade, Controlling
Nutritional Status grade; TACE, transarterial chemoembolization; HAIC, hepatic arterial infusion chemotherapy.

in the training cohort and 59 years in the validation cohort. The gender distribution was also comparable: 537/633
(84.8%) were male in the training cohort, and 241/273 (88.3%) were male in the validation cohort. In terms of tumor
characteristics, most patients in both cohorts had no extrahepatic metastasis: 421/633 (66.5%) in the training cohort and
178/273 (65.2%) in the validation cohort. The patients in both cohorts received similar systemic treatment modalities
during follow-up, with 467/633 (73.8%) in the training cohort and 197/273 (72.2%) in the validation cohort receiving
TKI combined with PD-1 therapy. Laboratory test results such as AFP, albumin, NLR, and IL-6 also showed no

significant differences between the two cohorts.

The Independent Influencing Factors for the Development of Cachexia in BCLC Stage
B/C HCC Patients Receiving Systemic Therapy Were Identified via LASSO Regression
and Univariate and Multivariate Logistic Regression

In this study, we first performed LASSO regression analysis for preliminary screening of potential influencing factors for
the development of cachexia in patients with BCLC stage B/C HCC receiving systemic therapy. Subsequently, we further
refined the variables through univariate and multivariate Logistic regression analyses, and identified variables with

a statistical test P<0.05 as independent risk factors for the development of cachexia in this population.

2850 https: Journal of Hepatocellular Carcinoma 2025:12



Ma et al

For this study, the optimal A value identified via LASSO regression was 0.022366. With this as a reference, 33 initial
variables were screened, and the trajectory of each variable’s coefficient as A changed is depicted in Figure 2A. Through
this screening process, we narrowed down to 10 variables with non-zero coefficients, which acted as potential predictors
in the training cohort (as illustrated in Figure 2B). These variables specifically include: age, BMI, total bile acids,
maximum size of intrahepatic lesions, vascular invasion, extrahepatic metastasis, albumin, NLR, CRP, and combined
TACE or HAIC during follow-up. Together, Figure 2A and B detail the LASSO-based variable selection procedure.

Finally, we included 10 variables (with non-zero coefficients filtered by LASSO regression) as potential risk factors in
univariate and multivariate logistic regression analyses. Results revealed that five of these variables had P-values <0.05,
therefore these five were determined to be independent risk factors in the development of cachexia. They specifically
included: age (OR: 0.957; 95% CI: 0.934-0.980; P< 0.001), total bile acids (OR: 1.088; 95% CI: 1.068—-1.108; P< (0.001),
maximum size of intrahepatic lesions (OR: 3.589; 95% CI: 2.332-5.521; P< 0.001), extrahepatic metastasis (OR: 3.577;
95% CI: 2.296-5.572; P< 0.001), and NLR (OR: 1.238; 95% CI: 1.118-1.371; P< 0.001) (see Table 2). The results of the
multivariate Logistic regression are presented in a forest plot (see Figure 3).

Construction of a Nomogram for Predicting the Occurrence of Cachexia Based on
the Identified Risk Factors

In this study, five independent risk factors were identified through LASSO regression, as well as univariate and
multivariate Logistic regression analyses: age, Maximum size of intrahepatic lesions, Extrahepatic Metastasis, NLR,
and Total Bile Acids. Based on these factors, we constructed a nomogram model (Figure 4) to predict the risk of cachexia
in patients with BCLC stage B/C HCC receiving systemic therapy. The nomogram consists of four components: scores,
predictors (ie, the aforementioned risk factors), total score, and predicted probability. The total score is obtained by
summing the scores corresponding to each predictor, and the value corresponding to this total score on the coordinate
axis is the predicted probability of cachexia in the patient. Subsequently, the model performance will be evaluated.

Predictive Performance of the Nomogram in Training Cohort

In this study, the discriminative ability of the nomogram was evaluated using the concordance index (C-index) and the
area under the receiver operating characteristic curve (AUC). The C-index ranges from 0.5 to 1, with higher values
indicating better discriminative accuracy of the model. In the training cohort, this index was 0.865 (95% CI:
0.836-0.895), indicating that the nomogram has good discriminative ability for patients at high risk of cachexia;

33 33 28 22 15 8 3 33333333333333333231312B27272424242222 1917171210 777668068544444333210

Coefficients
o
n
L
Binomial Deviance
n

1.0

Log(%) Log(r)
Log(2) ’ '

A B

Figure 2 Risk factors for the occurrence of cachexia were initially identified using LASSO regression. (A) LASSO regression coefficients paths; (B) LASSO regression cross-
validation curve.
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Table 2 Results of Univariate and Multivariate Logistic Regression Analysis

Characteristics Total (N) Univariate Analysis Multivariate Analysis
OR (95% CI) P value OR (95% CI) P value

Age 632 0.960 (0.943-0.978) | < 0.001 | 0.957 (0.934-0.980) | < 0.001

BMI 632

BMI<I18.5 kg/m2 18 Reference

18.5 kg/m2<BMI<24.0 kg/m2 291 0.954 (0.347-2.621) 0.928

(BMI=24 kg/m2) 323 1.650 (0.604—4.503) 0.329

Total Bile Acids 632 1.087 (1.069-1.105) | <0.001 | 1.088 (1.068—1.108) | < 0.00I

Maximum size of intrahepatic 307 4.066 (2.889-5.720) | < 0.001 | 3.589 (2.332-5.521) | < 0.001

lesions>5cm

(Yes vs No)

Vascular invasion 370 0.999 (0.722-1.383) 0.997

(Yes vs No)

Extrahepatic Metastasis 212 3.442 (2.438-4.860) | < 0.001 | 3.577 (2.296-5.572) | < 0.001

(Yes vs No)

Albumin 632 1.026 (0.993-1.061) 0.125

NLR 632 1.285 (1.171-1.409) | <0.001 | 1.238 (1.118-1.371) | < 0.001

CRP 632 1.007 (1.001-1.013) 0.033 1.005 (0.997-1.012) 0.231

Combined TACE/HAIC 311 0.687 (0.498-0.947) 0.022 0.713 (0.466—1.090) 0.118

(Yes vs No)

meanwhile, the AUC value for the occurrence of cachexia in the training cohort was also 0.865, further confirming the
excellent discriminative ability of the nomogram (see Figure 5A for details).

Subsequently, we constructed a calibration curve and compared the predicted probabilities of the nomogram with the
actually observed probabilities to evaluate the predictive accuracy of the nomogram. For the model built based on the
training cohort, we conducted a calibration curve analysis. The results are gratifying: the predicted curve highly overlaps
with the ideal curve. Specifically, the slope of the calibration curve is 1.06, extremely close to 1, which means that the
proportional deviation between the predicted values and the actual values is negligible. The intercept is —0.14, nearly 0,
indicating that the overall offset of the predicted values is minimal. The Brier score is 0.11. Since a Brier score closer to 0
indicates a smaller prediction error, this value fully demonstrates that the predicted probabilities of the nomogram are

highly consistent with the actual probabilities, and its predictive accuracy is quite excellent (see Figure 5B). To ensure the

Characteristics Total(N) OR(95%Cl) P value
age 632 0.957 (0.934 — 0.980)' P<0.001
Total Bile Acids 632 1.088 (1.068 — 1.108):- P<0.001
Maximum size of intrahepatic lesions 632 i P<0.001
<5cm 326 Reference |
>5cm 307 3.589 (2.332 — 5.521 ): ——
Extrahepatic Metastasis 632 : P<0.001
No 421 Reference :
Yes 212 3.577 (2.296 — 5.572): ——
NLR 632 1.238 (1.118 — 1.371):- P<0.001

|
123 45

Figure 3 A forest plot is used to display the results of the multivariable logistic regression analysis.
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Figure 4 Nomogram for predicting the risk of cachexia in BCLC B/C HCC patients following systemic therapy.
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Figure 5 Evaluation Results of the Nomogram in the Training Cohort. (A) Receiver operating characteristic (ROC) curve of the nomogram in the training cohort. (B)
Calibration curves of the nomogram in the training cohort. (C) Decision curve analysis (DCA) of the nomogram in the training cohort.

reliability of the results, we also used the bootstrapping method to validate the calibration curve, further confirming the
robustness and precision of the nomogram in prediction.

Finally, we used DCA to evaluate the clinical application value of the nomogram. The DCA curve of the training
cohort in this study shows that within the clinically relevant threshold range of 10% - 30%, the net benefit value of the
nomogram is positive and exceeds the values corresponding to the two extreme scenarios of “Intervention for All” and
“No Intervention”, indicating that the model has high clinical applicability (details are shown in Figure 5C).

Nomogram’s Predictive Ability in the Validation Cohort

The performance of this nomogram was further evaluated in the validation cohort to test its generalizability. The
evaluation results showed that the model had good discriminative ability, with a C-index of 0.820 (95% CI:
0.768-0.871), which was consistent with the AUC value of 0.820 for predicting the risk of cachexia in patients
(Figure 6A). Calibration curve analysis revealed good consistency between the predicted probability of cachexia by
the model and the actual observed results (Figure 6B). DCA in the validation cohort demonstrated that this nomogram
could yield favorable net benefits in predicting the risk of cachexia in patients with BCLC stage B/C HCC receiving
systemic therapy, indicating good clinical utility (Figure 6C).

Journal of Hepatocellular Carcinoma 2025:12 hetps: 2853



Ma et al

1.0 T T .4
1.0 ¥ Ui ! 04 — linear_predictors
5 — All
0.8 - 0B 0.3 4 — None
= &
m 3
o = & 024
= 0.6 g 0.6 1 7]
2 ° T
2 - Q 0.1
= ] = J 5]
% 0.4 % 0.4 < N\/\
» < 0.0 .
27 e " — Apparent
AUC: 0.820 / — Bias corrected -0.1
Cl: 0.769-0.871 0.0 Ideal line
00 T T T T T T T T T T T T T T T T
0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 06 0.8 1.0
1-Specificity (FPR) Predicted Probability Risk Threshold

A

B

C
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Discussion

This study developed and validated a nomogram model based on clinical characteristic parameters. This model, which utilizes
routine data, helps predict the risk of cachexia in patients with BCLC stage B/C HCC who are receiving systemic treatment.
The model incorporates five independent predictors, including age, total bile acid level, maximum size of intrahepatic lesions,
presence of extrahepatic metastasis, and NLR. Methodologically, LASSO regression was used to screen key variables, and
univariate and multivariate Logistic regression to identify independent risk factors. This approach was proven to effectively
reduce the risk of overfitting and enhance model stability.”> The nomogram constructed in this study exhibited excellent
predictive performance in both the training and validation cohorts, with C-indices reaching 0.865 and 0.820, respectively, and
good calibration. Moreover, results of DCA further confirmed that the model has clear clinical utility. In addition, the data
showed no significant difference in the risk of cachexia between different systemic treatment regimens and local treatment
regimens. This preliminarily indicates that an increase in drug dosage did not exacerbate the occurrence of cachexia, while
local treatment, due to the limited scope of its action, has a weaker systemic impact.

Regarding predictive factors, the five independent risk factors identified in this study are highly consistent with the
pathogenesis of cachexia reported in existing literature. The study showed that age is an independent risk factor for
cachexia, with an odds ratio (OR) of 0.957 (95% [CI]: 0.934-0.980; P<0.001), indicating a significant negative
correlation between increasing age and the risk of cachexia. Notably, the finding in this study differs from most previous
reports concluding that older age is accompanied by an elevated risk of cachexia.”? To address this seemingly contra-
dictory observation, we first analyzed it from the perspective of physiological adaptation mechanisms: age-related
decreases in basal metabolic rate, gradual loss of skeletal muscle mass, and mild impairment of immune function—
these changes may endow elderly patients with greater tolerance to moderate weight loss and lower metabolic demands,
thereby reducing the likelihood of their meeting the clinical diagnostic criteria for cachexia.”> Additionally, selection bias
in this study may also be a key factor contributing to this result: the cohort strictly included patients with BCLC stage B/
C HCC who had an ECOG PS score of 0-2 and Child-Pugh class A/B, while explicitly excluding elderly patients with
severe comorbidities. Such populations are often high-risk groups for cachexia, and whether they are included or not may
directly lead to differences in study conclusions.

Meanwhile, total bile acid levels are also an independent risk factor for predicting cachexia, with an OR of 1.088
(95% CI: 1.068-1.108; P<0.001). As key metabolic signaling molecules, bile acids regulate energy metabolism home-
ostasis and inflammatory responses by activating pathways such as the nuclear receptor FXR and membrane receptor
TGRS5.%* Preclinical studies have shown that abnormal bile acid levels can inhibit the PI3K/Akt/mTOR pathway, thereby
blocking muscle protein synthesis, driving energy metabolism reprogramming, and impairing tissue regenerative
capacity.”> 2’ Notably, bile acid metabolic disorder is significantly associated with the risk of cachexia, particularly as
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early changes in bile acid profiles (eg, reduced levels of the secondary bile acid TDCA) have been observed in cancer
cachexia models.”® The value of total bile acids as a predictor lies in their specific indication of the potential mechanistic
link between liver function impairment and the development of cachexia, providing new clues for targeted intervention in
liver disease-related cachexia.

The maximum diameter of intrahepatic lesions and extrahepatic metastasis are direct indicators of tumor burden.
Among these, the OR for the maximum diameter of intrahepatic lesions and extrahepatic metastasis were 3.589 (95% CI:
2.332-5.521, P<0.001) and 3.577 (95% CI: 2.296-5.572, P<0.001), respectively, indicating that increased tumor burden
can significantly elevate the risk of cachexia.Mechanistically, increased tumor burden can drive the progression of
cachexia through multiple pathways: it can activate the ubiquitin-proteasome pathway to mediate skeletal muscle protein

degradation, accelerating muscle wasting;>**°

meanwhile, increased tumor burden is accompanied by aggravated liver
function impairment, leading to a significant elevation in the body’s metabolic demand. In addition, the rapid prolifera-
tion of tumor cells consumes large amounts of nutrients, further exacerbating the body’s negative nitrogen balance;*°
furthermore, larger tumor lesions and metastases can release a large number of inflammatory factors (eg, IL-6, TNF-a)
and metabolic toxic products, which induce systemic inflammatory responses through paracrine/endocrine pathways,
synergistically promoting the breakdown of muscle and adipose tissue.'*!

Additionally, we found that the systemic inflammatory marker NLR is strongly associated with the risk of cachexia,
with an OR of 1.238 (95% CI: 1.118-1.371, P<0.001). As an inflammatory marker, NLR can reflect the body’s
inflammatory status and immune function: a higher NLR usually indicates the presence of chronic inflammation.
Studies have shown that a high NLR may activate the NF-kB signaling pathway, induce the expression of muscle
atrophy-related genes (such as Atrogin-1 and MuRF-1), thereby promoting muscle protein breakdown, inhibiting protein
synthesis, and accelerating the progression of cachexia.’? Furthermore, chronic inflammation may also activate tumor-
related signaling pathways, promote tumor growth and invasion, and further increase the risk of cachexia.>* Meanwhile,
NLR has been confirmed to be closely associated with the diagnosis and prognosis of cachexia. A study showed that
NLR can be combined with other markers such as CRP and GPS for the diagnosis and assessment of cachexia severity.>*
Moreover, a multicenter study involving 1,826 patients with cancer cachexia confirmed that NLR combined with
handgrip strength can be used for survival prognosis assessment.*> Given its advantages of simple detection, low cost,
and non-invasiveness, NLR has been proposed as a routine screening tool for cachexia.

The key factors identified in this study are closely related to the pathogenesis of cachexia, revealing the complexity of its
multifactorial synergistic effects. However, the study has the following limitations: First, as a single-center retrospective study,
it inevitably has selection bias, which may affect the generalizability of the results.In the future, multicenter prospective
studies can be conducted for external validation to further verify the predictive performance of this nomogram. In addition, the
follow-up duration set in this study is 6 months, and its long-term predictive efficacy still needs further evaluation. Notably,
this study observed a correlation between elevated bile acid levels and the risk of cachexia. In the future, combined with basic
research, in vivo and in vitro experiments can be used to explore the underlying molecular mechanisms by which bile acid
metabolic disorders drive cachexia, so as to enhance the biological interpretability of the prediction model.

In summary, this study successfully developed and validated a nomogram model that incorporates tumor biological
characteristics, patient age, inflammatory indicators, and metabolic parameters. This model provides a reliable tool for
predicting the risk of cachexia in patients with BCLC stage B/C HCC receiving systemic therapy. The significance of
developing this model lies in its ability to assist clinicians in predicting the risk of cachexia and guiding early intervention. It
facilitates the prediction of cachexia risk based on these easily accessible data when patients are diagnosed with BCLC stage
B/C HCC and initiate anti-tumor therapy, aiding in identifying high-risk groups for cachexia. Thus, while formulating anti-
tumor treatment plans, clinicians can simultaneously strengthen nutritional support, thereby reducing the incidence of
cachexia, delaying its progression, ensuring patients receive regular anti-tumor therapy, avoiding treatment interruption due
to poor nutritional status, and ultimately prolonging patients’ OS and improving their quality of life.

Conclusion
This study constructed and validated a nomogram for predicting cachexia risk in BCLC stage B/C HCC patients under
systemic therapy, with five routine predictors: age, intrahepatic lesion maximum size, extrahepatic metastasis, NLR, and
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total bile acids. It performed well, with C-indexes 0.865 (training cohort) and 0.820 (validation cohort); calibration
curves and DCA confirmed consistency and clinical utility. Future multicenter studies will validate its generalizability.
This tool aids early high-risk identification for timely interventions to reduce cachexia and improve prognosis.
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