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Nomogram for predicting post-
therapy recurrence in BCLC A/B
hepatocellular carcinoma with
Child-Pugh B cirrhosis
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Ming Han2,3,4*, Ronghua Jin2,3,4,5* and Caixia Hu1*

1Interventional Therapy Center for Oncology, Beijing You’an Hospital, Capital Medical University,
Beijing, China, 2Beijing Key Laboratory of Emerging Infectious Diseases, Institute of Infectious
Diseases, Beijing Ditan Hospital, Capital Medical University, Beijing, China, 3Beijing Institute of
Infectious Diseases, Beijing, China, 4National Center for Infectious Diseases, Beijing Ditan Hospital,
Capital Medical University, Beijing, China, 5Changping Laboratory, Beijing, China
Introduction: This study conducts a retrospective analysis on patients with BCLC

stage A/B hepatocellular carcinoma (HCC) accompanied by Child-Pugh B

cirrhosis, who underwent transarterial chemoembolization (TACE) in

combination with local ablation therapy. Our goal was to uncover risk factors

contributing to post-treatment recurrence and to develop and validate an

innovative 1-, 3-, and 5-year recurrence free survival (RFS) nomogram.

Methods: Data from 255 BCLC A/B HCC patients with Child-Pugh B cirrhosis

treated at Beijing You’an Hospital (January 2014 - January 2020) were analyzed

using random survival forest (RSF), LASSO regression, and multivariate Cox

regression to identify independent risk factors for RFS. The prognostic

nomogram was then constructed and validated, categorizing patients into low,

intermediate, and high-risk groups, with RFS assessed using Kaplan-Meier curves.

Results: The nomogram, integrating the albumin/globulin ratio, gender, tumor

number, and size, showcased robust predictive performance. Harrell’s

concordance index (C-index) values for the training and validation cohorts

were 0.744 (95% CI: 0.703–0.785) and 0.724 (95% CI: 0.644–0.804),

respectively. The area under the curve (AUC) values for 1-, 3-, and 5-year RFS

in the two cohorts were also promising. Calibration curves highlighted the

nomogram’s reliability and decision curve analysis (DCA) confirmed its practical

clinical benefits. Through meticulous patient stratification, we also revealed the

nomogram’s efficacy in distinguishing varying recurrence risks.

Conclusion: This study advances recurrence prediction in BCLC A/B HCC

patients with Child-Pugh B cirrhosis following TACE combined with ablation.

The established nomogram accurately predicts 1-, 3-, and 5-year RFS, facilitating

timely identification of high-risk populations.
KEYWORDS

hepatocellular carcinoma (HCC), recurrence free survival (RFS), random survival forest
(RSF), LASSO regression, multivariate Cox regression, nomogram
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Introduction

In 2020, primary liver cancer ranked as the sixth most common

malignancy worldwide and the third leading cause of cancer-related

deaths (1). Hepatocellular carcinoma (HCC) accounts for 75%-85%

of primary liver cancer cases (2). While surgical resection offers an

effective treatment for many HCC patients (3), in China, over 80%

of HCC cases stem from hepatitis B virus (HBV) infection, and a

substantial number of these patients also suffer from varying

degrees of liver cirrhosis. This complicates surgical resection and

increases the likelihood of postoperative complications due to

compromised liver function (4, 5).

The Child-Pugh scoring system plays a pivotal role in

evaluating liver function, which scores patients based on their

degree of jaundice, ascites, hepatic encephalopathy, serum

albumin levels, and coagulation function, and divides them into

three classes: A, B, and C (6). Child-Pugh A HCC patients typically

present the most ideal conditions for undergoing surgical resection,

with lower surgical risks and a more favorable anticipated

postoperative recovery due to their relatively good liver function

(7, 8). In contrast, HCC patients with Child-Pugh C liver cirrhosis

exhibit more severe impairment of liver function. Although surgical

resection may not be the preferred option in these cases, liver

transplantation is considered a feasible treatment choice in the

absence of significant risk factors (9). While for HCC patients with

Child-Pugh B cirrhosis, there is currently a lack of publicly available

and explicit treatment recommendations. These patients, whose

liver function is moderate compromised, often do not qualify for

surgical resection or local ablation alone due to the high risks

associated with their reduced hepatic reserve or existence of

multiple tumor nodules. Traditional systemic chemotherapy may

also be poorly tolerated due to its toxicity on the already

compromised liver. In this context, transcatheter arterial

chemoembolization (TACE) combined with local ablation therapy

emerges as a promising approach for the treatment of BCLC stage

A/B HCC patients, including those with Child-Pugh B cirrhosis (10,

11).. However, there is a scarcity of studies examining the

application of this combined therapy in Barcelona Clinic Liver

Cancer (BCLC) A/B HCC patients with Child-Pugh B cirrhosis,

with a conspicuous dearth of attention on prognosis studies for this

specific type of patients.

Therefore, our study tried to address this critical gap by

conducting a retrospective analysis focused on identifying

clinical factors linked to postoperative tumor recurrence in

this specific patient group (BCLC A/B HCC patients with

Child-Pugh B cirrhosis undergoing TACE combined with

local ablation) through random survival forest (RSF), LASSO

regression, and multivariate Cox regression. Then we developed

and validated a novel recurrence-free survival (RFS) nomogram,

marking a significant advancement in these patients prognostic

prediction and treatment management, enabling clinicians to

make more informed decisions and ultimately improve

patient outcomes.
Frontiers in Immunology 02
Materials and methods

Study population

The study was approved by the ethics committee of Beijing

You’an Hospital, affiliated with Capital Medical University. All

procedures adhered to the ethical standards of human

experimentation at Beijing You’an Hospital and conformed to the

principles outlined in the Helsinki Declaration. Taking into account

the utilization of anonymized patient data, the retrospective nature

and the minimal risk of the research, the committee approved a

waiver for the requirement of informed consent. We firstly

retrospectively reviewed the medical data of 531 consecutive

patients with BCLC A/B HCC who received TACE combined

with ablation treatment from the electronic medical record

system of Beijing You’an Hospital, affiliated with Capital Medical

University, from January 2014 to January 2020. All patients

included in the study possessed a confirmed diagnosis of HCC

based on the criteria established by the American Association for

the Study of Liver Disease (AASLD). Then, 276 patients were

excluded from the study according to the exclusion criteria:

metastatic HCC (n=35); Child-Pugh class A or C (n=101); prior

anticancer treatments before combining therapy (n=38); with

severe cardiovascular, respiratory diseases and so on (n=20);

incomplete clinical or follow-up data (n=82). Therefore, a total of

255 patients were finally included in the study. The sample size of

255 patients have reached a relatively stable size statistically, which

can provide the necessary degree of freedom for analysis and ensure

more accurate and reliable results. Figure 1 displays the flowchart

detailing the selection of eligible patients.

The inclusion criteria were as follows: (1) clearly confirmed

HCC diagnosis; (2) received TACE combined with ablation

treatment; (3) BCLC stage A or B; (4) Child-Pugh class B with

liver cirrhosis; (5) complete clinical and follow-up data. The

exclusion criteria were as follows: (1) metastatic HCC; (2) Child-

Pugh class A or C; (3) patients who had undergone any anticancer

treatments before the combination therapy; (4) accompanied by

severe cardiovascular diseases, respiratory system disorders, or

other serious systemic illnesses; (5) incomplete clinical or follow-

up data.
Clinicopathologic data collection

Comprehensive clinicopathologic data was systematically

compiled from the enrolled patients, encompassing demographics,

medical history, blood routine examinations, liver function and

coagulation tests and tumor characteristics. Demographics: age and

gender; Medical history: hypertension, diabetes, antiviral history,

smoking history, drinking history, family history, alcoholic liver

disease (ALD); Blood routine examinations: white blood cell

(WBC), neutrophil to lymphocyte ratio (NLR), platelet to

lymphocyte ratio (PLR), monocyte to lymphocyte ratio (MLR),
frontiersin.org
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neutrophil (Neu), lymphocyte (Lym), monocyte (Mon), red blood

cell (RBC), hemoglobin (Hb), platelet (PLT); Liver function and

coagulation tests: aspartate aminotransferase (AST), alanine

aminotransferase (ALT), AST/ALT, direct bilirubin (DBIL), total

bilirubin (TBIL), DBIL/TBIL, total protein (TP), albumin (Alb),

globulin (Glb), Alb/Glb, gamma glutamyl transpeptidase (GGT),

GGT/ALT, alkaline phosphatase (ALP), prealbumin, bile acid, uric

acid, cholesterol, prothrombin time (PT), international normalized

ratio (INR), thrombin time (TT), fibrinogen (Fib), Fib/Alb; Tumor

characteristics: BCLC, tumor number, tumor size and alpha-

fetoprotein (AFP). We would conduct subsequent analysis to

screen out the most statistically significant factors for RFS among

these many factors and establish an RFS nomogram.
TACE combined with ablation procedure

All patients in this study received TACE combined with ablation

therapy. This operation was performed by interventional physicians

with at least 5 years of experience. TACE was administered as the

initial therapeutic intervention, followed by local ablation conducted

within 1 to 2 weeks subsequent to the TACE procedure. Here are the

TACE procedure details. (1) Initiation: Utilizing a modified Seldinger

technique, arterial puncture and catheter insertion are performed in

the femoral artery. This step is critical for accessing the vascular

system and navigating towards the tumor. (2) Angiography:

Conducted via a catheter guided to the common hepatic artery or

the mesenteric artery, angiography is essential for mapping out the

tumor ’s precise location, size, and quantity of lesions.
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(3) Embolization agents and techniques: In this stage, the selection

of embolization agents is pivotal. We employ a combination of

chemotherapy drugs (such as oxaliplatin, fluorouracil, or

epirubicin), lipiodol, and, if necessary, gelatin sponge particles. The

choice of agents is based on the tumor’s characteristics and the

patient’s liver function, aiming to maximize tumor embolization

while preserving healthy liver tissue. Microcatheters are strategically

used for superselective catheterization into the tumor supply artery

branch, enhancing the precision and efficacy of the embolization. (4)

Post-embolization assessment: Following embolization, angiography

is repeated to confirm the successful blockade of the tumor’s blood

supply and assess the condition of the hepatic arteries’ remaining

branches. Local ablation was a treatment that used physical or

chemical methods to directly kill tumor tissue under image

guidance, mainly including radiofrequency ablation (RFA),

microwave ablation (MWA), and argon-helium cryoablation

(AHC) in this study. Ultrasound, computed tomography (CT), and

so on was used as image guidance for ablation treatment.
Study endpoint and follow-up

The endpoint of this study was recurrence free survival (RFS),

which referred to the time period from the combination treatment

to the first recurrence or the last follow-up. Tumor recurrence was

defined as the discovery of typical tumor manifestations through

follow-up imaging examinations such as contrast-enhanced CT or

magnetic resonance imaging (MRI) after treatment, or confirmed

by pathological examination. Liver contrast-enhanced CT or MRI
FIGURE 1

Flowchart of this study. HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; TACE, transcatheter arterial chemoembolization;
LASSO, least absolute shrinkage and selection operator; ROC, receiver operating characteristic; DCA, decision curve analysis.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1369988
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Qiao et al. 10.3389/fimmu.2024.1369988
and laboratory examination were performed one month after

treatment. Laboratory tests included blood routine, coagulation

function, serum AFP levels, related enzymes and other indicators.

Following that, regular follow-up appointments were conducted

every 3 months for the first year, and starting from the second year,

they were extended to every 6 months until recurrence or the last

follow-up. The follow-up methods of this study included regular

outpatient re-examination, inpatient re-examination, and telephone

follow-up. The last follow-up date was January 1, 2023, with a

median follow-up time of 29.05 months.
Statistical analysis

All data analyses were conducted using R version 4.3.2 in this

study, with P<0.05 considered statistically significant. Categorical

variables were presented as number and proportion, and were

compared using the c2-test. Continuous variables were presented

as mean ± standard deviation, and were compared using the

Student’s t-test. Random survival forest (RSF), least absolute

shrinkage and selection operator (LASSO) regression and

multivariate Cox proportional hazards analysis were used to

identify factors associated with RFS after HCC treatment. RSF

was chosen for its ability to assess variable importance through

survival trees, while LASSO regression facilitated the selection of

relevant predictors by minimizing the prediction error and

penalizing the absolute size of the regression coefficients. Hazard

ratios (HR) and 95% confidence intervals (CI) were adopted to

describe relevant risk factors in multivariate Cox analysis.

Subsequently, a visual nomogram model was constructed based

on the identified risk factors. We then evaluated the discrimination,

calibration, and clinical application value of this model.

Discrimination was assessed through the concordance index (C-

index) and Area Under Curve (AUC) value. Calibration was

evaluated using calibration curves, which compare the predicted

probabilities of survival generated by the model with the actual

observed survival rates. To determine the clinical application value

of the nomogram, we conducted a decision curve analysis (DCA).

DCA assesses the net benefit of using the model in clinical decision-

making by considering the potential harms and benefits associated

with different treatment thresholds. In addition, according to the

scores generated by the nomogram, patients were categorized into

three risk groups: low, intermediate, and high-risk groups. We

employed the Kaplan-Meier method to plot the survival curves, and

the Log-Rank test was used to assess whether there were statistically

significant differences in recurrence rates among the different

risk groups.
Results

Clinicopathological characteristics of the
enrolled patients

This study ultimately included data from 255 patients and

randomly assigned them to the training cohort (n=178) and
Frontiers in Immunology 04
validation cohort (n=77) in a 7:3 ratio. The training cohort was

employed to identify risk factors and construct a nomogram

prediction model, while the validation cohort was utilized to

assess the model’s broad applicability. Through baseline

characteristic comparison, it was confirmed that there was no

statistically significant difference in the variables between the two

cohorts (Table 1). The data presented included various parameters

such as age, gender, tumor characteristics, and laboratory test

results. The mean age was similar in both cohorts (58.02 ± 7.48

years old in the training cohort and 58.04 ± 7.03 years old in the

validation cohort). And the gender distribution was also

comparable: 132/178 (74.2%) male in the training cohort vs. 59/

77 (76.6%) male in the validation cohort. In terms of tumor

characteristics, the majority of patients in both cohorts had a

single tumor: 116/178 (65.2%) in the training cohort and 54/77

(70.1%) in the validation cohort. The tumor size distribution was

also similar, with the majority of tumors being ≤3cm in both

cohorts. The laboratory test results such as Alb/Glb, GGT and

uric acid also showed no significant differences between the

two cohorts.
Identifying the independent factors for RFS
through RSF, LASSO and multivariate
Cox regression

In this study, we initially employed an RSF model to screen for

relevant variables that may impact RFS. Subsequently, we further

refined the selection of variables through LASSO regression.

Further screening was performed using multivariate Cox

regression, identifying factors with a significance level (P < 0.05)

as independent risk factors influencing RFS.

RSF is an improved algorithm of random forest (RF), primarily

employed for analyzing survival data (12). Its mathematical

principles are similar to RF, wherein a number of samples are

randomly extracted from the original data using the bootstrap

method. For each sample, a binary recursive survival tree is

constructed, facilitating the selection of the most important

variables associated with time and events. During the training

process, the RSF algorithm inherently calculates the importance

of each variable based on how much it contributes to the model’s

predictive accuracy. This importance score is often referred to as

VIMP (Variable Importance). If the Variable Importance (VIMP)

computed by RSF is a positive value, it indicates that the variable

can increase the accuracy of the predictive model; conversely, it will

decrease the accuracy of the predictive model if the VIMP is

negative (13). In the study, through parameter tuning, it was

observed that the model’s error rate stabilized when constructing

850 trees. At the beginning, a total of 54 variables were included in

the RSF, and ultimately 32 variables with positive VIMP were

screened out as showing in Figure 2, including tumor size, tumor

number, Alb/Glb, gender, globulin, activated partial thromboplastin

time ratio (APTTR), GGT, albumin, BCLC, cholesterol, smoking

history, GGT/ALT, Neu, AST/ALT, prealbumin, MLR, Mon, ALT,

prothrombin time activity (PTA), WBC, basophils, TBIL,

prothrombin time ratio (PTR), Fib/Alb, diabetes, Lym, uric acid,
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RBC, PT, activated partial thromboplastin time (APTT), DBIL

and eosinophils.

Then, based on the RSF results, in order to further improve the

interpretability and generalization performance of the model, we

introduced LASSO regression to select the most significant factors

influencing RFS. LASSO regression is a regression method that

streamlines the model by the L1 regularization term and

continuously compressing the coefficients in multiple linear

regression to avoid collinearity and overfitting (14, 15). In

LASSO, the l value is particularly important, related to the

number of selected variables and the performance of the model.

The optimal l in LASSO regression reduces the number of variables

by increasing the regularization strength until a balance between

model fit and sparsity is achieved. This process automatically selects

the most relevant variables for the model, improving both

prediction accuracy and model simplicity, and it is calculated

based on 10-fold cross-validation and minimization criteria. The

optimal l determined in this study was 0.0971096 (logl= -2.3319),

and 32 variables were reduced to 6 variables with non-zero

coefficients as potential predictors in the training cohort,

including gender, tumor number, tumor size, Alb/Glb, GGT and

uric acid (Figure 3).

Finally, we included the 6 non-zero coefficient variables

screened by LASSO regression as potential risk factors into the

multivariate Cox regression analysis. The results showed that four

variables had P<0.05, so these 4 variables were all independent risk

factors for RFS, including gender (HR: 0.632; 95% CI: 0.401 - 0.996;

P=0.048), tumor number (HR: 1.596; 95% CI: 1.105 - 2.307;

P=0.013), tumor size (HR: 1.631; 95% CI: 1.113 - 2.388; P=0.012)

and Alb/Glb (HR: 0.429; 95% CI: 0.241 - 0.763; P=0.004). The

results of multivariate Cox regression were displayed in the forest

plot (Figure 4). Gender is an important risk factor as it may be

indicative of hormonal or genetic differences that can affect cancer

development and progression. Tumor number and size are key

indicators of disease severity and aggressiveness; a higher tumor

count or larger tumor size often correlates with a poorer prognosis.

The Alb/Glb ratio provides insights into a patient’s nutritional

status and liver function, which can significantly impact the body’s

ability to fight disease and recover from treatment.
Nomogram established for RFS based on
the identified factors

We established a nomogram using the four independent risk

factors (gender, tumor number, tumor size and Alb/Glb) screened

out by RSF, LASSO and multivariate Cox regression analysis for

predicting recurrence after TACE combined with ablation therapy

in BCLC A/B HCC patients with Child-Pugh B cirrhosis (Figure 5).

The nomogram consisted of four parts: points, predictive factors

(four independent risk factors), total points and predicted

probability. The points corresponding to each predictive factor of

the patient were added together to obtain the total points. The

values on the 1-, 3-, and 5-year RFS coordinate axes corresponding
TABLE 1 Comparison of the clinicopathological characteristics between
the training cohort and the validation cohort.

Characteristic

Training
cohort
(N=178)

Validation
cohort(N=77)

P
value

Age 58.02 ± 7.48 58.04 ± 7.03 0.982

Gender
(male/female)

132(74.2%)/
46(25.8%) 59(76.6%)/18(23.4%) 0.677

Hypertension
(yes/no)

43(24.2%)/
135(75.8%) 13(16.9%)/64(83.1%) 0.198

Diabetes
(yes/no)

50(28.1%)/
128(71.9%) 21(27.3%)/56(72.7%) 0.894

Smoking history
(yes/no)

80(44.9%)/
98(55.1%) 34(44.2%)/43(55.8%) 0.908

Drinking history
(yes/no)

67(37.6%)/
111(62.4%) 25(32.5%)/52(67.5%) 0.430

Tumor number
(Single/multiple)

116(65.2%)/
62(34.8%) 54(70.1%)/23(29.9%) 0.440

Tumor size
(≤3cm/>3cm)

124(69.7%)/
54(30.3%) 55(71.4%)/22(28.6%) 0.777

NLR 3.26 ± 2.68 3.37 ± 2.90 0.774

PLR 101.06 ± 48.78 111.28 ± 83.97 0.225

MLR 0.41 ± 0.21 0.42 ± 0.20 0.912

Hb 117.07 ± 18.43 118.47 ± 17.65 0.573

PLT 90.28 ± 44.66 91.30 ± 46.37 0.869

AST 35.71 ± 17.56 36.58 ± 15.35 0.708

ALT 30.23 ± 19.74 26.95 ± 15.20 0.195

AST/ALT 2.08 ± 9.44 1.53 ± 0.63 0.616

TP 62.47 ± 7.87 63.17 ± 7.36 0.509

Albumin 33.87 ± 5.24 33.56 ± 3.83 0.640

Globulin 29.30 ± 6.15 30.65 ± 6.41 0.113

Alb/Glb 1.21 ± 0.34 1.19 ± 0.28 0.650

GGT 74.81 ± 64.80 72.79 ± 78.07 0.83

GGT/ALT 2.82 ± 2.45 3.10 ± 3.14 0.448

ALP 101.52 ± 45.08 106.73 ± 41.87 0.387

Prealbumin 98.96 ± 41.23 92.93 ± 35.96 0.267

Uric acid 285.24 ± 107.61 259.62 ± 93.75 0.071

PT 13.61 ± 1.67 14.01 ± 1.80 0.088

INR 1.21 ± 0.15 1.25 ± 0.16 0.06

Fibrinogen 2.44 ± 0.85 2.43 ± 0.91 0.97

Fib/Alb 0.07 ± 0.03 0.07 ± 0.03 0.542

AFP 251.26 ± 848.10 138.49 ± 337.50 0.26
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; MLR, monocyte to
lymphocyte ratio; Hb, hemoglobin; PLT, platelet; AST, aspartate aminotransferase; ALT,
alanine aminotransferase; TP, total protein; Alb, albumin; Glb, globulin; GGT, gamma
glutamyl transpeptidase; ALP, alkaline phosphatase; PT, prothrombin time; INR,
international normalized ratio; Fib, fibrinogen; AFP, alpha-fetoprotein.
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to the total points were the predicted probabilities of 1-, 3-, and 5-

year RFS for patients. The performance of the model would be

evaluated in the following section, including C-index, AUC,

calibration curves and DCA curves.
Predictive performance of the nomogram
in training cohort

In order to ensure the scientific credibility of the research results,

we must conduct a detailed evaluation of the performance of the

nomogram, generally including discrimination, calibration, and

clinical utility. Discrimination was evaluated by C-index and AUC,

calibration curves and DCA curves were employed to measure

calibration and clinical utility of the nomogram, respectively.

Firstly, we assessed the discrimination ability of nomogram

using the C-index and AUC value. The value range of C-index is

0.5~1. The larger the value of C-index, the higher the accuracy of

the nomogram. The C-index for the nomogram within the training

cohort exhibited a commendable value of 0.744 (95% CI: 0.703–

0.785), underscoring its adeptness in discriminating between

patients who would experience recurrence and those who would

not. The receiver operating characteristic curve (ROC) is another

commonly used tool to evaluate the discrimination of nomogram.

The area enclosed by the ROC curve and the horizontal and vertical

coordinates is called AUC, and its value range is also 0.5~1. In the

training cohort, the AUC values for 1-year, 3-year, and 5-year RFS

were 0.795, 0.844, and 0.795, respectively, providing additional

support for its outstanding discrimination ability (Figure 6).
Frontiers in Immunology 06
Following this, we plotted calibration curves to evaluate the

nomogram’s accuracy by comparing the predicted probabilities

against the actual observed frequencies. The dashed line

represents an ideal curve, while the solid line represents the

predictive ability of the nomogram in this study. The closer the

distance between the two is, the more accurate the actual

prediction ability will be. By observing the 1-year, 3-year, and

5-year calibration curves in the training cohort, it can be found

that the calibration curves of this study was relatively close to

the dashed line, suggesting that the nomogram had a good

predictive accuracy between the actual probability and predicted

probability (Figure 7).

Finally, DCA was employed to assess the clinical utility of the

nomogram. The horizontal axis of the curve represents threshold

probabilities, while the vertical axis represents the net benefit. The

net benefit when all patients do not relapse and no clinical

intervention is performed is represented by the None line.

Conversely, the net benefit when all patients relapse and clinical

intervention is performed is represented by the All line. When the

net benefit rate corresponding to a probability threshold is located

on the upper right side of the All line and None line (the net benefit

rates corresponding to each threshold probability are concatenated

into a red line), it indicates that the predictive model has good

clinical utility. In our study, the 1-year, 3-year, and 5-year DCA

curves of the training cohort showed that within a certain threshold

probability range, the probability of patient benefiting from this

nomogram was greater than the two extreme cases, that is, the net

benefit was positive, indicating that the model has high clinical

utility (Figure 8).
FIGURE 2

Random survival forest employed to screen risk factors for RFS. RFS, recurrence-free survival; Alb, albumin; Glb, globulin; APTTR, activated partial
thromboplastin time ratio; GGT, gamma glutamyl transpeptidase; BCLC, Barcelona Clinic Liver Cancer; ALT, alanine aminotransferase; Neu,
neutrophil; AST, aspartate aminotransferase; MLR, monocyte to lymphocyte ratio; Mon, monocyte; PTA, prothrombin time activity; WBC, white
blood cell; TBIL, total bilirubin; PTR, prothrombin time ratio; Fib, fibrinogen; Lym, lymphocyte; RBC, red blood cell; PT, prothrombin time; APTT,
activated partial thromboplastin time; DBIL, direct bilirubin; PLR, platelet to lymphocyte ratio; TT, thrombin time; NLR, neutrophil to lymphocyte
ratio; INR, international normalized ratio; ALP, alkaline phosphatase; ALD, alcoholic liver disease; Hb, hemoglobin; PLT, platelet; AFP, alpha-
fetoprotein; TBIL, total bilirubin; TP, total protein.
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A

B

FIGURE 3

LASSO regression employed to further identified risk factors for RFS. (A) LASSO regression coefficients paths; (B) LASSO regression cross-validation
curve. LASSO, least absolute shrinkage and selection operator; RFS, recurrence-free survival.
FIGURE 4

Results of the multivariate Cox regression analysis. Alb, albumin; Glb, globulin; GGT, gamma glutamyl transpeptidase.
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Predictive performance of the nomogram
in validation cohort

The nomogram’s performance was further evaluated in the

validation cohort, aiming at assessing the universal applicability of

the nomogram. In the validation cohort, the nomogram exhibited a

robust discrimination ability with a C-index of 0.724 (95%

CI: 0.644–0.804), and corresponding AUC values of 0.758,

0.695, and 0.638 for predicting 1-year, 5-year, and 10-year RFS,

respectively (Supplementary Figure S1). The calibration curves also

demonstrated good consistency between the probabilities generated

by the nomogram and the corresponding actual probabilities for the

1-year, 3-year, and 5-year RFS (Supplementary Figure S2). The DCA

curve in the validation cohort also showed that the nomogram can

bring good net benefits for predicting the 1-year, 3-year, and 5-year
Frontiers in Immunology 08
RFS after TACE combined with ablation in BCLC A/B HCC patients

with Child-Pugh B cirrhosis and has high clinical effectiveness

(Supplementary Figure S3).
Kaplan-Meier curves of RFS for patients in
low, intermediate, and high-risk groups
categorized by the nomogram scores

The Kaplan-Meier curve is a commonly used survival analysis

method that is often used to evaluate the survival status of patients.

This section focused on classifying patients into low, intermediate,

and high-risk groups based on nomogram scores, and explored the

RFS of these groups through Kaplan-Meier curves. According to the

Kaplan-Meier curve from the training cohort (Figure 9), we

observed that the curve for the low-risk group remained relatively

stable, indicating a favorable survival rate among patients. In

contrast, the curve for the high-risk group exhibited a significant

downward trend, suggesting a lower survival rate. This implied that

the nomogram was, to some extent, effective in predicting patients’

RFS and facilitating risk stratification to identify high-risk patients.

The Kaplan-Meier curve of the validation cohort further

strengthened our observation of the survival differences between

the high-risk and low-risk groups (Supplementary Figure S4).
Discussion

In recent years, TACE combined with local ablation therapy has

gradually attracted attention as an emerging treatment method.

ESMO Clinical Practice Guidelines (2018) recommend local

ablation for stage A and TACE for stage B patients (16). TACE
FIGURE 6

Receiver operating characteristic (ROC) curve of the nomogram in
the training cohort. AUC, area under the curve.
FIGURE 5

Nomogram for predicting 1-, 3-, and 5-year RFS in BCLC A/B HCC patients with Child-Pugh B cirrhosis after TACE combined with ablation therapy.
RFS, recurrence-free survival; BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolization;
Alb, albumin; Glb, globulin.
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slows tumor growth by cutting off blood supply and delivering

chemo locally, allowing repeated treatments (17), albeit with

challenges to complete cure (18). Local ablation is minimally

invasive, offering survival rates akin to surgery, but its post-

treatment recurrence remains an issue (19–21). Reports suggest

the combined therapy surpasses either method alone for HCC

patients (11). In HCC patients with BCLC stage A/B,

combination therapy is now considered a common treatment

method. Patients of this kind often present with concomitant

cirrhosis (22). However, it must be acknowledged that there is a

notable lack of research on the prognosis associated with the

combination therapy in patients with BCLC stage A/B HCC

accompanied by Child-Pugh B cirrhosis. Our study has, for the

first time, bridged the gap in this particular field.
Frontiers in Immunology 09
Our study employed a multi-level variable-screening method,

including RSF, LASSO regression, and multivariate Cox regression, to

gain a deeper understanding of the key factors affecting RFS in BCLC

A/B HCC patients with Child-Pugh B cirrhosis after treatment.

Through these analyses, we successfully screened out four key

parameters with significant influence, namely gender, tumor

number, tumor size, and Alb/Glb ratio. Gender plays a certain role

in the prognosis of HCC patients. Previous studies have shown that

female patients may have better prognosis in HCC compared to male

patients (23, 24). Hormones, specifically androgens and estrogens,

may have different effects on HCC. Androgen could potentially

stimulate the development of HCC, whereas estrogen may exert a

protective effect against HCC (25). Estrogen can inhibit the

proliferation of liver cells and promote apoptosis, thereby
A

B

C

FIGURE 7

Calibration curves of the nomogram in the training cohort.
(A) Calibration curve for predicting 1-year RFS. (B) Calibration curve
for predicting 3-year RFS. (C) Calibration curve for predicting 5-year
RFS. RFS, recurrence-free survival.
A

B

C

FIGURE 8

Decision curve analysis (DCA) of the nomogram in the training
cohort. (A) DCA curve for predicting 1-year RFS. (B) DCA curve for
predicting 3-year RFS. (C) DCA curve for predicting 5-year RFS. RFS,
recurrence-free survival.
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suppressing the development of HCC (26). It can also restrict liver

inflammation and fibrosis, inhibiting the progression of HCC.

However, androgen may directly or indirectly regulate virus gene

expression and host immune responses to elevate viral replication

levels, thereby promoting the HCC development (27). In addition,

some genes on the Y chromosome may play a role in the occurrence

and aggressiveness of HCC in males (28). The number and size of

tumors are also critical indicators for assessing the prognosis of HCC

patients. In clinical practice, a single smaller tumor is typically more

amenable to treatment, and the prognosis is relatively favorable.

Conversely, multiple or larger tumors may pose more complex

treatment challenges, leading to a relatively poorer prognosis.

Tumor size is intricately linked to genetic alterations and

pathological characteristics. Larger HCC tumor sizes, by their very

nature, serve as potent incentives of invasive behavior (29). This

heightened aggressiveness, in turn, contributes to an increased

likelihood of recurrence and metastasis.

Contrary to tumor number and tumor size, the decrease in Alb/

Glb ratio is often closely related to poor prognosis in HCC patients

(30, 31). It serves as a measure of the proportional levels of albumin

and globulin, providing insights into liver function, nutritional status

and inflammatory conditions. Albumin, a crucial protein synthesized

by the liver, serves as an indicator of liver function. Patients with

HCC often experience impaired liver function, leading to a decrease

in albumin levels (32). On the other hand, globulin is a vital

component of the immune system, and its levels may increase in

response to factors such as inflammation, which is a risk factor for

inducing HCC (33). Albumin can also reflect the nutritional status of

the patient, and a decrease in albumin levels indicates systemic

malnutrition, which can lead to poor prognosis in HCC patients (34).

Despite the encouraging predictive performance demonstrated

by the established nomogram in our study, it is crucial to

acknowledge and address several limitations inherent in our study.
Frontiers in Immunology 10
Firstly, due to the specific focus of our study on a distinct population

with unique characteristics, only 255 patients were finally included in

the analysis, despite the full efforts of our group members in data

collection. It is essential to recognize that the relatively modest sample

size might impact the generalizability and robustness of our findings.

We anticipate the inclusion of more suitable patients in future studies.

Secondly, the lack of external validation is another limitation of our

study. By testing our findings in different populations and settings in

the future, we can better understand how they apply to real-world

scenarios and inform practical decision-making. Thirdly, our study

predominantly focused on clinical and pathological variables. The

exclusion of comprehensive exploration of underlying biological

factors, such as specific genetic markers or molecular signatures,

may limit the depth of our predictive model. Moreover, our study did

not extensively consider external environmental factors that might

contribute to HCC risk. Factors such as pollution, occupational

exposures, and socio-economic conditions could play a role in

HCC development and should be addressed in future studies to

provide a more comprehensive risk assessment.
Conclusion

Our study has successfully developed and rigorously validated a

nomogram incorporating four pivotal clinical variables, which were

meticulously screened through RSF, LASSO, and multivariate Cox

regression analyses. This nomogram exhibits remarkable predictive

accuracy, as evidenced by the C-index values (0.744 in the training

cohort and 0.724 in the validation cohort), promising AUC values,

calibration curves, and DCA curves in both cohorts. Its potential clinical

impact is profound, as it offers personalized predictions of 1-year, 3-year,

and 5-year RFS, and it can promptly identify high-risk populations. This

is crucial for planning long-term treatment and follow-up strategies.
FIGURE 9

Kaplan-Meier curves depict RFS in the training cohort based on nomogram-derived risk groups. RFS, recurrence-free survival.
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Receiver operating characteristic curve (ROC) of the nomogram in the
validation cohort. AUC, area under the curve.

SUPPLEMENTARY FIGURE 2

Calibration curves of the nomogram in the validation cohort. (A) Calibration
curve for predicting 1-year RFS. (B) Calibration curve for predicting 3-year
RFS. (C) Calibration curve for predicting 5-year RFS. RFS, recurrence-

free survival.

SUPPLEMENTARY FIGURE 3

Decision curve analysis (DCA) of the nomogram in the validation cohort.
(A) DCA curve for predicting 1-year RFS. (B) DCA curve for predicting 3-year

RFS. (C) DCA curve for predicting 5-year RFS. RFS, recurrence-free survival.

SUPPLEMENTARY FIGURE 4

Kaplan-Meier curves depict RFS in the validation cohort based on

nomogram-derived risk groups. RFS, recurrence-free survival.
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