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Purpose: Acute liver failure (ALF) is a severe complication of spontaneous ruptured hepatocellular carcinoma (SRHCC) that requires
accurate prediction for effective treatment strategies. We aimed to develop a predictive nomogram to estimate the risk of ALF in
patients with SRHCC undergoing treatment.

Patients and Methods: We performed a retrospective analysis of historical data from 284 patients diagnosed with SRHCC at the
First Hospital of Jilin University over the past decade. Variables were selected through univariate and multivariate logistic regression
analyses, and a predictive nomogram was constructed. We evaluated its predictive accuracy against the Child-Pugh Score, R MELD,
and ALBI by assessing discrimination, calibration, and net clinical benefit.

Results: Among the 284 patients, 65 developed ALF. The risk factors identified for model development included largest tumor size
(LTS), platelet counts, prolonged prothrombin time, and elevated serum a-fetoprotein levels. The nomogram exhibited high accuracy
in predicting ALF risk with a C-index of 0.91 (0.87—0.95). The Delong test showed a significant difference between the nomogram and
the other three models (p<0.05). The calibration curve for the nomogram fit well, and the decision curve analysis revealed superior net
benefit. The optimal cut-off point for the nomogram was determined to be 40, yielding sensitivity, specificity, positive predictive value,
and negative predictive value of 83.10%, 87.20%, 65.90% and 94.60%, respectively.

Conclusion: The nomogram we developed provides an optimized tool for predicting ALF in SRHCC patients. Its application can help
determine individual patient’s risk of ALF, enabling more rational and personalized treatment strategies.
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Introduction

Liver cancer, responsible for approximately 830,000 deaths annually, is the fourth leading cause of cancer-related deaths
globally. It is estimated that by 2025, there will be one million new cases of hepatocellular carcinoma (HCC) globally
each year." Spontaneous rupture, a rare yet fatal complication of HCC, has an incidence rate of less than 3% in Western
countries, but this figure dramatically rises to 12%-14% in Asia.” The mortality rate for the acute stage of spontaneous
ruptured hepatocellular carcinoma (SRHCC) varies from 25% to 75%. While recent studies have reported a decline in
mortality rates, it remains a challenging issue within the realm of hepatobiliary surgery.””’

Acute liver failure (ALF) frequently contributes to mortality in end-stage liver disease, a trend similarly observed in
patients with SRHCC.>*® During the acute phase of the disease, ALF incidence ranges from 12% to 42%.” The prognosis
for patients with SRHCC is gradually improving with advancements in diagnostic methods, surgical techniques, and
perioperative management.lo This improvement is particularly attributed to the widespread recognition and utilization of
therapeutic measures such as emergency or delayed partial hepatectomy and transcatheter arterial chemoembolization
(TACE).*”'"'2 However, studies indicate that ALF accounts for more than half of the in-hospital mortality post
emergency hepatectomy for SRHCC."® Furthermore, the incidence of liver failure following TACE can reach up to
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12-34%."" Therefore, physicians should constantly consider the potential occurrence of ALF during the management of
patients with SRHCC.

Comprehending the predictors of ALF in SRHCC patients enables physicians to initiate diagnostic and therapeutic
procedures more accurately. It also aids patients in counseling and selecting treatment options that offer the greatest
likelihood of benefit. Currently, the primary models utilized in clinical practice for liver function evaluation include the
Child-Pugh Score, Model for End-Stage Liver Disease (MELD), and Albumin-Bilirubin (ALBI). However, their
applicability to SRHCC remains unclear.'* SRHCC patients exhibit a series of specific pathomechanisms.®'> The
large size of the tumor causes it to separate from the normal parenchyma. This, along with vascular erosion, venous
occlusion, and coagulation disorders, contributes to increased pressure within the tumor, leading to subsequent hemor-
rhage. Moreover, opportunistic infections such as cytomegalovirus and Epstein-Barr virus may further exacerbate these
processes.' !’

In light of this, we conducted a study with the objective of developing and validating a novel predictive model for the
onset of ALF in SRHCC patients during treatment. This model was based on clinical data gathered over a decade from
a large single center. We compared this model with other commonly used clinical liver function scoring systems, aiming
to facilitate more personalized, evidence-based, and highly accurate risk assessment in SRHCC patients.

Materials and Methods

Patients

We retrospectively gathered data from patients diagnosed with SRHCC who sought consultation at the First Hospital of
Jilin University between September 1, 2013, and June 30, 2022. We obtained information regarding their diagnosis,
treatment, and follow-up. Patients provided informed consent for the use of their clinical data in clinical research, and no
financial compensation was given. The diagnosis adhered to the guidelines published by the American Association for
the Study of Liver Disease (AASLD).'"® SRHCC was identified through typical diagnostic findings on computed
tomography, which included peripheral high-attenuation periportal hematoma, HCC with a prominent liver contour,
localized disruption of the hepatic surface, and active contrast medium extravasation. Laparotomy was not necessary for
the diagnosis of SRHCC in some patients. The exclusion criteria were as follows: 1. Diagnosis of SRHCC during
hospitalization; 2. ALF on admission or complications with other serious diseases; 3. Missing medical record data or
follow-up information. Based on these inclusion and exclusion criteria, we included 284 patients in the study cohort. The
participant selection process is illustrated in Figure 1A. The study received approval from the Ethics Committee of the
First Hospital of Jilin University. Verbal consent was obtained from the patients, and due to the retrospective nature of the
study, no additional written informed consent was necessary. This study was conducted in strict accordance with the
principles of the Declaration of Helsinki.

Clinical Management and Follow-Up

For patients presenting with hemodynamic instability or severe complications upon admission, we employed aggressive
fluid resuscitation, anti-inflammatory measures, blood transfusion, corrections of acid-base balance disorders, coagulation
disorders, and other routine supportive care. Nonessential invasive procedures were minimized as much as possible. In
the presence of active bleeding, TACE or emergency partial hepatectomy was prioritized. Radical resection or other
additional treatments were considered once the patient’s condition has stabilized. For hemodynamically stable patients
without active bleeding, partial hepatectomy was recommended, provided that the degree of cirrhosis, liver function, and
stage of HCC were conducive. The implementation process was guided by a comprehensive assessment of the patient’s
condition, lesions, and bleeding, as well as the family’s perspective. Important clinical procedures were undertaken with
the written informed consent of the patient or their family. TACE is carried out by our seasoned interventionalists in our
angiography suite. The success of TACE is determined by the stabilization of the patient’s vital signs post-procedure and
the lack of a sustained drop in serum hemoglobin levels. The partial hepatectomy was conducted by experienced and
skilled surgeons from the Department of Hepatobiliary and Pancreatic Surgery at our General Surgery Center.
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Figure | Flowchart of the study. (A) Selection process for participants in the study, (B) The development and evaluation of the nomogram.
Abbreviations: SRHCC, spontaneous ruptured hepatocellular carcinoma; ALF, acute liver failure; MELD, Model for End-Stage Liver Disease; ALBI, Albumin-Bilirubin.

The primary outcome in this study was the incidence of ALF during the follow-up period. Follow-up visits primarily took
place in the surgical ward or intensive care unit. Patients discharged from the hospital were scheduled for a recheck in our
outpatient clinic within one month. For those unable to attend the outpatient clinic, we reached out via phone or online to gather
information about their health status and treatment. For patients who did not undergo invasive treatment, follow-up began on
the second day of admission. For those who underwent TACE or surgical resection, follow-up commenced on the first day post-
operation. For patients who underwent multiple invasive procedures during their hospital stay, follow-up began on the first day
after their final operation.

Data Collection

In this study, we collected demographic information and details of the clinical management course. Basic data included
sex, age, height, weight, and history of hypertension, diabetes mellitus, smoking, heavy alcohol consumption, and
hepatitis. Imaging data encompassed ascites, cirrhosis, portal hypertension, tumor location and LTS, whether the tumor
was single or multiple and extrahepatic metastases. Laboratory tests included blood counts, coagulation profile, liver
function, blood chemistry, and a-Fetoprotein (AFP), among others. Treatment information included aspects such as
supportive therapy, TACE, and partial hepatectomy. The occurrence of ALF was diagnosed based on the 2019 definition
of acute-on-chronic liver failure by the Asia Pacific Association for the Study of the Liver (APASL).'” The diagnostic
criteria included jaundice (serum total bilirubin >85 mmol/L) and coagulopathy (INR >1.5 or PTA <40%), complicated
by clinical ascites and/or hepatic encephalopathy within 4 weeks. Simultaneously, to compare the superiority of our
method with three other methods commonly used in clinical practice for liver function evaluation, we performed

a quantitative analysis of their indicators:

1. The Child-Pugh Score,??' assessed by the severity of four indicators: ascites, bilirubin, albumin, prothrombin
time and encephalopathy.
2. The Model for End-Stage Liver Disease (MELD) score,”” calculated using the following formula:
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R=3.78 * In(bilirubin) +11.2 * In(INR) + 9.57 * In(creatinine) + 6.4. Here, bilirubin is measured in umol/L, and
creatinine in mg/dl.

3. The Albumin-Bilirubin (ALBI) score,”* calculated with the following formula:

ALBI = logl0 (bilirubin) * 0.66 + albumin * (—0.085). Here, bilirubin is measured in pmol/L, and albumin in g/L.

Statistical Analysis

Continuous variables were expressed as medians and interquartile ranges, and categorical variables were represented as
counts and proportions. Based on our clinical experience and the findings of previous related studies, we selected
potential variables for inclusion in a univariate logistic regression. Variables with significant impact (p<0.05) were
included in a multivariate regression, ultimately generating independent influential factors, and Spearman correlation
analysis was used to determine whether there is collinearity among the final variables. We then used them to construct
a nomogram by the ‘rms’ package in R.

The model’s discriminatory capacity was evaluated using receiver operating characteristic (ROC) curve analysis, and
quantified using the C-index, equivalent to the area under the ROC curve (AUC). An AUC value of 0.5 implies no
discriminatory power, while a value of 1 signifies perfect prediction of event occurrence in the patient. The model’s calibration
capability was evaluated using a calibration curve. This curve graphically represents the relationship between the frequency of
observations and the predicted probability, calibrated using the bootstrap resampling method to minimize bias. In a well-
calibrated model, predictions should align with a 45-degree diagonal. Decision curve analysis (DCA) was also conducted to
establish the predicted net benefit threshold, which served to assess the clinical utility of the model. Superior models are
indicated by curves that are further from the two null lines. The visualization analysis process is depicted in Figure 1B.

The optimal cutoff value was determined using the Youden index (sensitivity + specificity - 1). The predictive
performance of this optimal cutoff value was evaluated in terms of accuracy, precision, sensitivity, specificity, positive
predictive value and negative predictive value. For all analyses, a p-value less than 0.05 was considered to indicate
statistical significance. All analyses were conducted using R software version 4.3.0. Data were analyzed between July 15
and July 30, 2023.

Results

Demographic and Clinical Characteristics of Patients

This study enrolled a total of 284 consecutive patients diagnosed with SRHCC, with their demographic and basic clinical
characteristics detailed in Table 1. The cohort consisted of 228 males and 56 females, with a median age of 59 years
(IQR, 51-67 years). The cohort’s median body mass index (BMI), calculated as weight (kg) divided by height (m)
squared, was 23.3 (IQR, 21-25.4). The incidence of ALF among patients with the disease was 22.9% (65/284). A total of
57.7% (164/284) of patients had cirrhosis, and 41.5% (118/284) of patients had portal hypertension. The median LTS was
7.15cm. Slightly more patients had solitary tumor (54.6%). Moreover, ruptured tumors were more often located in the
right lobe (52.5%). In terms of treatment, 70.1% (199/284) of patients underwent TACE treatment, 19.1% (54/284) of
patients underwent hepatectomy, and 20.1% (57/284) patients received conservative treatment. The scoring results of
patients’ admission status by the Child-Pugh Score, R MELD, and ALBI scoring methods are also listed in Table 1. In
addition, 1-, 2-, and 3-year overall survival (OS) rates for SRHCC were calculated as 50.2%, 31.5%, and 19.8%,
respectively.

Correlation of Variables with Clinical Outcome

All examination variables in this study were obtained preoperatively. Based on clinical experience and results of previous
research, potential risk factors were subjected to univariate logistic regression to determine variables with higher risk.
The results are shown in Table 2, which shows that the significance of cirrhosis, portal hypertension, LTS, hemoglobin,
platelet, AST, ALT, albumin, bilirubin, creatinine, pronged prothrombin time (PT), AFP, and main treatments are all less
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Table | Baseline Characteristics of the Enrolled Patients

Index Patients (n=284) %
Sex

Female 56 19.7%

Male 228 80.3%
Age, y 59.0[51.0;67.0] -
BMI, kg/m? 23.3[21.0;25.4] -
Hypertensive

No 215 75.7%

Yes 69 24.3%
Diabetes

No 255 89.8%

Yes 29 10.2%
Smoking

No 197 69.4%

Yes 87 30.6%
Drinking

No 207 72.9%

Yes 77 27.1%
Vital hepatitis

None 64 22.5%

HBV 187 65.8%

HCV 33 11.6%
Cirrhosis

No 120 42.3%

Yes 164 57.7%
Portal hypertension

No 166 58.5%

Yes 118 41.5%
LTS, cm 7.15[4.80;9.93] -
Tumor counts

Solitary 155 54.6%

Multiple 129 45.4%
Tumor location

Caudate lobe 9 3.17%

Left lobe 84 29.6%

Right lobe 149 52.5%

Multiple lobes 42 14.8%
Distant metastasis

No 258 90.8%

Yes 26 9.15%
AFP, ng/mL

<20 122 43.0%

20400 56 19.7%

>400 106 37.3%
Therapy

Conservative treatment 57 20.1%

TACE 173 60.8%

Hepatectomy 27 9.54%

TACE + Hepatectomy 27 9.54%

(Continued)
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Table | (Continued).

Index Patients (n=284) %
ALF

No 219 77.1%

Yes 65 22.9%
Child.Pugh Score 7.00[6.00;8.00] -
R.MELD 18.3[14.7;22.2] -
ALBI —2.01[-2.35;-1.62] -
os

|-year - 50.2%

2-year - 31.5%

3-year - 19.8%

Abbreviations: BMI, body mass index; HBV, hepatitis B virus; HCV, hepa-
titis C virus; LTS, Largest tumor size; AFP, a-Fetoprotein; TACE, transcath-
eter arterial chemoembolization; ALF, acute liver failure; MELD, Model for
End-Stage Liver Disease; ALBI, Albumin-Bilirubin; OS, overall survival.

than 0.05. We included them in the multivariate regression equation. The results of the multivariate analysis are shown in
Table 3, where each variable is reported as an odds ratio (95% CI). LTS (1.28 [1.12-1.47]), platelet counts (0.99 [0.98—
1.00]), prothrombin time (seconds over control) (2.22 [1.57-3.32]) and high serum AFP level (for 20400 vs <20 ng/mL,

Table 2 Univariate Logistic Regression Analysis of ALF Presence Based
on Variables Possible

Variables OR (95% CI) p
Sex, male vs female 0.77 (0.39-1.5) 0.44
Age, y 1.01 (0.98-1.04) 0.5
Vital hepatitis

HBV vs none 0.88 (0.46—1.68) 0.69

HCV vs none 0.28 (0.07-1.02) 0.05
Imaging results
Cirrhosis, positive vs negative 2.28 (1.24-4.17) 0.01*
Portal hypertension, positive vs negative 2.66 (1.51-4.69) <0.001*
LTS, cm 1.19 (1.1-1.28) <0.001*
Tumor counts 1.68 (0.96-2.94) 0.07
Blood test results
WBC, x10%/L I (0.95-1.05) 0.99
NLR I (0.95-1.05) 0.96
Hemoglobin, g/L 0.99 (0.98-0.99) <0.001*
Platelet, x10°/L 0.99 (0.98-0.99) <0.001*
AST, U/L I (I-1.01) <0.001*
ALT, U/L I (I-1.01) 0.02*
Albumin, g/L 0.88 (0.84-0.93) <0.001*
Bilirubin, pmol/L 1.04 (1.02—1.06) <0.001*
Creatinine, umol/L 1.01 (1-1.01) 0.01%*
Na, mmol/L 0.99 (0.96-1.02) 0.57
Pronged PT, s 221 (1.78-2.75) <0.001*
AFP, ng/mL

20400 vs <20 4.72 (2.65-8.42) <0.001*

>400 vs 20400 0.59 (0.33-1.06) 0.08

(Continued)
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Table 2 (Continued).

Variables

OR (95% CI)

Main treatments
TACE vs Conservative treatment

TACE + Hepatectomy vs
Conservative treatment

Hepatectomy vs Conservative treatment

041 (0.21-0.77)
0.06 (0.01-0.45)
0.26 (0.08-0.84)

0.01*
0.01*
0.02*

Note: *Statistically significant p value.

Abbreviations: OR, Odds Ratio; Cl, Confidence Interval; HBV, hepatitis B virus;
HCV, hepatitis C virus; LTS, Largest tumor size; WBC, white blood cells; NLR
neutrophil to lymphocyte ratio; AST, aspartate aminotransferase; ALT, alanine ami-
notransferase; Na, serum sodium; PT, prothrombin time; AFP, a-Fetoprotein; TACE,

transcatheter arterial chemoembolization.

Table 3 Multivariate Logistic Regression Analysis of ALF Presence Based on

Variables Possible

Variables p* OR (95% CI) p
Imaging results
Cirrhosis, positive vs negative —0.867 | 0.42 (0.12-1.44) 0.2
Portal hypertension, positive vs negative 0.636 1.89 (0.66-5.59) 0.2
LTS, cm 0.243 1.28 (1.12-1.47) | <0.001*
Blood test results
Hemoglobin, g/L 0.007 | 1.0l (0.99-1.03) 0.5
Platelet, x10°/L —0.012 | 0.99 (0.98-1.00) | 0.004*
AST, U/L 0.003 I (1.00-1.01) 0.14
ALT, U/L —0.001 I (0.99-1.01) 0.8
Albumin, g/L 0.012 | 1.0l (0.93-1.11) 0.8
Bilirubin, umol/L 0.016 | 1.02 (1.00-1.04) 0.082
Creatinine, pumol/L 0.007 1.01 (1.00-1.02) 0.15
Pronged PT, s 0.799 | 2.22 (1.57-3.32) | <0.001*
AFP, ng/mL
20-400 vs <20 1.558 | 4.75 (2.03-13.2) | <0.001*
>400 vs 20400 —0.595 | 0.55 (0.23-1.31) 0.2
Main treatments
TACE vs Conservative treatment —0.298 | 0.74 (0.27-2.10) 0.6
Hepatectomy vs Conservative treatment —2.197 | 0.11 (0.00-1.49) 0.13
TACE + Hepatectomy vs Conservative treatment | 0.469 1.6 (0.26-8.82) 0.6

Note: *Statistically significant p value; B* Regression coefficient.
Abbreviations: OR, Odds Ratio; Cl, Confidence Interval; LTS, Largest tumor size; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; PT, prothrombin time; AFP, a-Fetoprotein; TACE, transcatheter

arterial chemoembolization.

4.75 [2.03—-13.2]; for >400 vs 20-400 ng/mL, 0.55 [0.23—1.31)] are independent influencing factors and are indepen-
dently associated with the occurrence of ALF. Correlation analysis was performed on continuous variables, the results are

shown in Figure 2, to exclude the collinearity that may exist between variables.

Development and Validation of Predictive Models
These independently associated risk factors were utilized to construct ALF risk estimation nomogram (Figure 3). The

generated model underwent internal validation using the bootstrap validation method. The nomogram demonstrated

a high accuracy in predicting ALF risk, with a C-index reaching up to 0.91 (0.87-0.95). The predictive abilities of each
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Figure 2 Linear correlation analysis of the four indicators (LTS, platelet, pronged PT, and AFP). The number in the right of the plot was the correlation coefficient.
Abbreviations: LTS, largest tumor size; AFP, a-Fetoprotein PT, prothrombin time.

variable are illustrated in Figure 4. In the ROC curve, calibration curve, and clinical decision curve, the nomogram
consistently achieved superior results compared to each individual variable. The optimal cut-off value for the nomogram
score was determined to be 40, intended for distinguishing the occurrence of ALF. The values for Sensitivity, Specificity,
Positive predictive value, and Negative predictive value used to identify the occurrence of ALF were 83.10%, 87.20%,
65.90% and 94.60% respectively.

Comparison of the Predictive Performance of Different Models

The differentiation assessment of the three models - Child-Pugh Score, RMELD, and ALBI is depicted in Figures 5
and 6. These models presented AUC values of 0.81 (0.75-0.87), 0.77 (0.70-0.84), and 0.78 (0.70—0.85) respectively,
all of which are lower than our model (Figure 5A-D). Delong’s test was performed on the ROC curves between
nomogram and the aforementioned three models, revealing significant differences (p<0.05) in each case. Each model
was separately validated using the bootstrap method. The autonomously corrected C index was 0.87 for our model, and
0.81, 0.76, and 0.77 for the other three models, respectively. Furthermore, the calibration curves visually demonstrate
better consistency between risk estimations derived from nomogram and the actual eventual occurrence of ALF
compared the other three (Figure 6A-D). Following the Hosmer-Lemeshow test, the result indicated a nonsignificant
difference (p=0.653). Our model yielded a Brier value of 0.087, lower than the other three models, and an R? value of
0.591, higher than the other models. These results affirm the strong accuracy of our prediction model. Lastly, we
plotted the DCA curve in Figure 7, demonstrating that the net benefit value of our model surpasses that of the other
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independent predictor.

Abbreviations: LTS, largest tumor size; AFP, a-Fetoprotein; PT, prothrombin time; AUC area under the receiver operating characteristic curve.

three models. The comparison of specific parameters across each model is summarized in Table 4, with nomogram
outperforming the others on each criterion.

Discussion
SRHCC is recognized as a severe and fatal complication of HCC. Past studies examining its survival rates have displayed
substantial variations, though an overall trend of improvement is evident. In our study, we calculated the 1-, 2-, and
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Figure 5 The receiver operating characteristic curve of each model. (A) Nomogram. (B) Child.Pugh. (C) R.MELD. (D) ALBI.
Abbreviations: AUC, area under the receiver operating characteristic curve; MELD, Model for End-Stage Liver Disease; ALBI, Albumin-Bilirubin.

3-year OS rates for SRHCC as 50.2%, 31.5%, and 19.8%, respectively, with a median survival of 12 months. However,
this outcome remains significantly worse than that observed in treated HCC cases.***

Liver failure significantly contributes to mortality in patients with SRHCC and is particularly linked to increased
short-term mortality rates.”>® Our findings indicate that 63.1% of patients experiencing ALF died within one month, and
the one-year survival rate was a mere 8.7%. Despite considerable advancements in therapeutic measures for the disease,
the incidence of ALF continues to be high. Our study found the incidence of ALF in SRHCC to be 22.9%, a figure
consistent with the results of certain previous studies.®''*’” Given the prevalence limitations, only studies with small
sample sizes have been conducted in the past to explore relevant elements.!' We conducted an extended study based on

a single-center 10-year sample size from a large hospital in northeastern China. We developed a model incorporating four
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Figure 6 The calibration curve of each model. (A) Nomogram. (B) Child.Pugh. (C) R.MELD. (D) ALBI.
Abbreviations: MELD, Model for End-Stage Liver Disease; ALBI, Albumin-Bilirubin.

variables to predict the occurrence of ALF in SRHCC patients. All variables included in the model were available at the
time of the patient’s routine examination upon hospital admission, thereby offering the benefits of simplicity and
accessibility. Our model achieved superior performance in terms of discrimination, calibration, and clinical utility
compared to the predictive capabilities of existing models such as the Child-Pugh Score, R.MELD, and ALBI for
liver function evaluation.

Within our model, largest tumor size, platelet, pronged prothrombin time, and AFP emerged as independent
influences. These risk factors have been previously identified to collectively increase the likelihood of a poor prognosis
in patients with SRHCC.*'****° Simultaneously, tumor size is also a risk factor for spontaneous rupture of the tumor.*
Larger tumors and the surrounding liver tissue exhibit more pronounced pathophysiological changes, especially in
patients with SRHCC. This may also affect the occurrence of ALF.**?! Decreased platelet count and prolonged
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prothrombin time both increase the tendency for bleeding, suggesting that hemorrhage and ischemia-reperfusion injury
still have a significant impact on liver function. The synthesis of prothrombin indirectly reflects the liver’s reserve
function.”> When liver function is impaired, the synthesis ability of coagulation factors decreases, hence, the prolonga-
tion of prothrombin time has good predictive performance for the occurrence of ALF in SRHCC. Elevated serum AFP
levels usually correspond to poor cell differentiation and tumor metastasis. Qiu et al used machine learning algorithms to
find that AFP value is the most important prognostic factor for predicting the short-term survival of SRHCC patients.*
Our study also found that high serum AFP levels are associated with the occurrence of ALF. Bilirubin and albumin,
which still have high evaluation functions for liver function, have been confirmed by multiple studies,***>> but we
excluded them after multivariate regression analysis, suggesting that their role in predicting the occurrence of ALF in
SRHCC is limited.

Table 4 Accuracy of the Prediction Score of the Nomogram for Estimating the Risk
of ALF Presence Compared with Other Models

Variable Value

Nomogram | Child.Pugh R.MELD ALBI
C-index, AUC 091 0.8l 0.77 0.78
Delong test - p<0.001* p<0.001* p<0.001*
Accuracy, % 82.90 78.20 80.30 80.60
Precision, % 58.60 51.90 57.60 56.30
Sensitivity, % 83.10 63.10 52.30 69.20
Specificity, % 87.20 82.60 88.60 84.00
Positive predictive value, % 65.90 51.90 57.60 56.30
Negative predictive value, % 94.60 88.30 86.20 90.20

Note: *Statistically significant p value.
Abbreviations: MELD, Model for End-Stage Liver Disease; ALBI, Albumin-Bilirubin; AUC, area under the
receiver operating characteristic curve.
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Our study also evaluated therapeutic measures. Recently, surgical procedures have gained recognition for managing
SRHCC.*® It has been reported that hepatectomy for SRHCC yields a prognosis comparable to non-ruptured
HCC”'%%%37 and significantly reduces mortality rates.”® Our study affirms these results, as the incidence of ALF in
patients who underwent surgical resection was significantly lower than in those who did not. However, we should note
that hepatectomy can exacerbate liver injury (secondary to ischemia-reperfusion injury), leading to ALF.> TACE is
indeed effective for the disease,’® but its potential harm to liver function should not be overlooked. Particularly for
SRHCC patients with severe cirrhosis, careful consideration should be given to the potential damage caused by invasive
measures. In cases of active bleeding, the primary focus should be on antiresorptive and hemostatic interventions
(including pharmacological and interventional treatments), with surgical procedures considered after stabilizing the
patient’s condition.’® Comprehensive pre-evaluation of the patient’s degree of hepatic fibrosis, hepatic reserve function,
resectable liver volume, and correction of coagulation function is essential. A previous study highlighted the effective-
ness of transarterial bland embolization, which, coupled with lower hepatotoxicity, offers the benefit of reducing the
incidence of adverse effects.”® This may yield better results, especially in patients with severe cirrhosis. Conversely,
patients receiving only conservative treatment exhibited a very poor prognosis, which was also linked to the severity of
their disease.* However, therapeutic measures were not incorporated into our prediction model, indicating their limited
impact on the occurrence of ALF.

To evaluate the clinical applicability of nomogram, we calculated its accuracy, precision, sensitivity, specificity,
positive predictive value and negative predictive value in estimating the risk of ALF, using the optimal cut-off point 40 as
a threshold. Furthermore, when comparing the performance of three established models—Child-Pugh Score, R.MELD,
and ALBI, nomogram demonstrated superior results in most indicators. Overall, these results suggest that nomogram can
provide more specific predictive information about the risk of developing ALF in patients with SRHCC. Based on these
preoperative predictions, we can provide guidance for clinical management and enable patients to choose a more
beneficial treatment. However, we must caution that the risk of ALF is not the sole determinant of SRHCC treatment
procedures. Important factors not included in the model, such as tumor counts and location, should also be considered in
practical applications.

Our study does present several limitations. Firstly, being a single-center retrospective study, it may harbor certain
biases, and the results could be influenced by practices unique to our unit. Therefore, it is crucial to validate these
findings with external data. Secondly, the reliability of some analyses may be limited due to the low incidence of
outcome events. Additionally, as we included data from SRHCC patients over a ten-year period, the evolution of surgical
techniques and treatment strategies during this period could have introduced bias in the factors influencing each patient.
Lastly, the differing etiologies of HCC in Eastern and Western countries should be taken into account in future studies.

Conclusion

We developed a nomogram incorporating four straightforward and readily accessible clinical variables to predict the risk
of ALF in patients with SRHCC. This model yielded favorable predictive outcomes, and demonstrated superior
performance compared to existing scoring tools.

Abbreviations

HCC, Hepatocellular Carcinoma; SRHCC, Spontaneous Ruptured Hepatocellular Carcinoma; ALF, acute liver failure;
TACE, transcatheter arterial chemoembolization; MELD, Model for End-Stage Liver Disease; ALBI, Albumin-Bilirubin;
ROC, receiver operating characteristic; AUC, area under the ROC curve; DCA, decision curve analysis; BMI, body mass
index; WBCs, white blood cells; NLR, neutrophil to lymphocyte ratio; HBV, hepatitis B virus; HCV, hepatitis C virus;
LTS, largest tumor size; AST, aspartate aminotransferase; ALT, alanine aminotransferase; Na, serum sodium; OS overall
survival; PT, prothrombin time; AFP, a-Fetoprotein; INR, international normalized ratio.
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