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Objective: To develop a nomogram for predicting post-hepatectomy liver failure (PHLF) in patients with resectable hepatocellular 
carcinoma (HCC) based on portal hypertension, the extent of resection, ALT, total bilirubin, and platelet count.
Methods: Patients with HCC hospitalized from January 2015 to December 2020 were included in a retrospective cohort study. 595 
HCC patients were divided into a training cohort (n=416) and a validation cohort (n=179) by random sampling. Univariate and 
multivariable analyses were performed to identify the independent variables to predict PHLF. The nomogram models for predicting the 
overall risk of PHLF and the risk of PHLF B+C were constructed based on the independent variables. Comparisons were made by 
using receiver operating characteristic (ROC) curve, calibration curve, and decision curve analysis (DCA) with traditional models, 
such as FIB-4 score, APRI score, CP class (Child-Pugh), MELD score (model of end-stage liver disease), and ALBI score (albumin- 
bilirubin) to analyze the accuracy and superiority of the nomogram.
Results: We discovered that portal hypertension (yes vs no) (OR=1.677,95% CI:1.817–4.083, p=0.002), the extent of liver resection 
(OR=1.872,95% CI:3.937–47.096, p=0.001), ALT (OR=1.003,95% CI:1.003–1.016, P=0.003), total bilirubin (OR=1.036,95% CI:1.031– 
1.184, p=0.005), and platelet count (OR= 1.004, 95% CI:0.982–0.998, p=0.020) were independent risk factors for PHLF using multifactorial 
analysis. The nomogram models were constructed using well-fit calibration curves for each of these five covariates. When compared to the 
FIB4, ALBI, MELD, and CP score, our nomogram models have a better predictive value for predicting the overall risk of PHLF or the risk of 
PHLF B+C. The validation cohort’s results were consistent. DCA also confirmed the conclusion.
Conclusion: Our models, in the form of static nomogram or web application, were developed to predict PHLF overall risk and PHLF B+C 
risk in patients with HCC, with a high prediction sensitivity and specificity performance than other commonly used scoring systems.
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Introduction
Liver cancer is the fifth most frequent malignancy and the second leading cause of cancer death worldwide, with China 
accounting for 49% of new liver cancer cases in the world each year.1 In China, liver cancer is ranked as the fourth 
most common malignancy and the third leading cause of cancer-related death. Hepatocellular carcinoma (HCC) 
accounts for 75–85% of all liver cancers.1–3 Hepatectomy with a negative margin is still the first choice in treating 
HCC. However, chronic liver disease, especially cirrhosis, often concurs with HCC in about 86% of patients4 and 
increases the risk of developing post-hepatectomy liver failure (PHLF). The reported incidence of PHLF in the 
literature is wide ranging, ranging from 1.2–32%, attributed to different etiologies and surgical procedures.5 Various 
clinical composite scoring systems can help predict PHLF after radical hepatectomy in patients with HCC, but there are 
some issues. The current study shows that the clinical composite score system can predict PHLF, but does not have 
high sensitivity and specificity. Thus, establishing and improving a PHLF prediction system remains a hot topic in 
hepatobiliary surgery.

At present, there are many existing clinical methods for assessing liver function, including the Child-Pugh scoring system, 
the Albumin-Bilirubin score (ALBI) scoring system, the Model for Prognosis of End-stage Liver Disease (MELD) scoring 
system,6 Studies have confirmed that intraoperative events also affect the risk of PHLF, and none of the above models includes 
surgical-related factors, such as the extent of liver resection and intraoperative blood loss and blood transfusion, to predict the 
probability of postoperative PHLF.7 A scoring system solely designed for liver function assessment (Child-Pugh Score or 
MELD score) has certain errors and is not conducive to more accurate judgment of prognosis after hepatectomy. Therefore, 
composite metrics combining multiple indicators have become more popular. Additionally, the nomogram prediction model is 
an intuitive and convenient tool. Thus, the construction of a nomogram prediction model, which can determine PHLF more 
intuitively, thereby replacement of traditional scoring systems, will likely facilitate the assessment of liver function and reduce 
the incidence of PHLF and postoperative mortality after radical hepatectomy.

Patients and Methods
Patients
We retrospectively collected data from 595 patients with HCC undergoing partial hepatectomy from Xingtai People’s 
Hospital, The Second Affiliated Hospital of Nanjing Medical University, Fifth Medical Center of PLA General Hospital, 
The First Affiliated Hospital of Dalian Medical University, and Tongji Hospital Affiliated to Huazhong University of 
Science and Technology. 416 patients were selected as the training cohort through random sampling, and another 179 
patients were selected as the validation cohort. The study was approved by the Ethics Committee, in compliance with the 
Declaration of Helsinki. Written informed consent was obtained from all patients to use their data in this study. The 
Barcelona Clinical Liver Cancer (BCLC) criteria were used to select HCC patients for hepatectomy.

Inclusion criteria were as follows: 1) histology of hepatocellular carcinoma on post-operative pathology; 2) complete 
perioperative clinical data; and 3) informed consent from the patient.

The exclusion criteria were as follows: 1) postoperative pathological results of cholangiocarcinoma or other 
malignant tumors; 2) preoperative locoregional therapy, radiotherapy, other systemic anti-tumor treatment or previous 
hepatectomy; 3) emergency admission due to hepatocellular carcinoma rupture and bleeding.

Clinicopathologic Variables
We collected demographic data, including age, gender, hypertension, portal hypertension, and type of liver disease. Patients’ 
radiological data included using contrast-enhanced MRI, contrast-enhanced CT, and ultrasound to determine the number of 
tumor nodules, tumor size (largest nodule diameter), cirrhosis, and ascites. We also collected the time of surgery and blood 
loss. Serum α-fetoprotein (AFP), creatinine (Cr), albumin (ALB), total bilirubin (TBIL), direct bilirubin (DBIL), alanine 
transaminase (ALT), aspartate transaminase (AST), prothrombin time (PT), red blood cells (RBC), platelets (PLT), and liver 
extent of resection, blood loss, and the transfusion were all examined preoperatively.
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Diagnosis and Definitions
We calculated the ALBI score8 using the formula 0.66×lg (TBIL, umol/L)–0.085×(ALB, g/L). MELD score9 was calculated 
by 11.2×ln (INR) +9.57×ln (Cr, mg/dL)+3.78×ln (TBIL, mg/dL)+6.43. APRI score10 was calculated as [AST level (/ULN)/ 
Platelet counts (109/L)] ×100. Finally, FIB-4 score11 was obtained using the formula AST (U/L) ×age (years)/[platelet count 
(×109/L) ×alanine aminotransferase ALT (U/L) 1/2]. Three continuous factors (total bilirubin, albumin, and prothrombin time) 
and two categorical variables (ascites, hepatic encephalopathy) comprise the CP scoring system.12 According to their CP 
scores, patients were categorized into three grades: grade A (5–6 points), grade B (7–9 points), and grade C (10–15 points). 
Portal hypertension was detected in patients with esophageal varices visible during endoscopy or those with a low platelet 
count (100×109/L) associated with splenomegaly (diameter larger than 12 cm on ultrasonography, CT, or MRI images).13 The 
International Study Group of Liver Surgery defined PHLF as a total serum bilirubin level more than 50 µmol/L and 
a prothrombin time index of 50% (corresponding to an international normalized ratio (INR) greater than 1.7) on post- 
operative day 5 or later (ISGLS).5 The extent of hepatic resection was defined by the number of Couinaud liver segments 
removed: a major hepatectomy was defined as the removal of three or more Couinaud liver segments, whereas a minor 
resection was defined as the removal of fewer than three segments.14

Statistical Analysis
Our study was conducted using SPSS 26.0 (SPSS Inc, Chicago, IL, USA) and R 4.0.3 (Institute for Statistics and 
Mathematics). The level test of 0.05 is used for both univariate and multivariable analyses. The mean and standard 
deviation of continuous variables were calculated and compared using the Mann–Whitney U-test or the Student’s t-test. 
Retain statistically significant indicators from univariate analysis and incorporate multivariable analysis. Variables 
associated with PHLF were assessed using logistic regression analysis. We built a nomogram prediction model by 
generating a consistency index and evaluating the calibration curve. We then used the quantitative nomogram to predict 
PHLF correctness. Simultaneously, the AUC was calculated using the ROC curves of the nomogram prediction model 
and other established liver function scoring methods. We compared and contrasted the predictive value of the nomogram 
model with that of existing scores predicting PHLF. To determine the accuracy of our nomogram, a calibration plot with 
1000 bootstrap samples was used. The DCA was used to measure the nomogram’s clinical utility by calculating net 
benefits at various threshold probabilities. P< 0.05 was considered statistically significant.

Results
Clinicopathological Characteristics
A total of 595 patients meeting the inclusion criteria were enrolled in the study, divided into training and validation 
cohorts, of whom 500 (84.03%) were male, and 95 (15.97%) were female. The entire cohort’s median age is 54 years. 
Most patients (87.39%) had hepatitis B virus (HBV), 16 (2.69%) were infected with hepatitis C virus, 59 (9.92%) had 
other liver diseases. Five hundred and twelve patients had liver cirrhosis, of which Child-Pugh class A 94.34% (483/512) 
and Child-Pugh class B 5.66% (29/512). Also, 80 patients (30.25%) had portal hypertension. Among all patients, 521 
(87.56%) had minor hepatectomy, 399 patients (67.06%) had blood loss less than 400 mL, and 134 (22.52%) patients 
received a transfusion. AFP was greater than or equal to 400 ng/mL in 138 (23.19%) patients. The overall incidence of 
PHLF was 24.03% (143/595), of which 16.9% (101/595) for PHLF grade A, 6.2% (37/595) for PHLF grade B, and 0.8% 
(3/595) for PHLF grade C. The clinicopathologic characteristics of the patients are listed in Table 1.

Univariate and Multivariable Analysis of PHLF Factors
Cirrhosis (p=0.049), portal hypertension (p<0.001), extent of resection (p=0.043), ALT (P=0.022), albumin (p<0.001), total 
bilirubin (p<0.001), PT (p<0.001), RBC (p=0.003), platelet (p<0.001), as well as Child-Pugh score (p<0.001), MELD score 
(p<0.001), ALBI (p<0.001), APRI (p=0.015), FIB-4 (p=0.001) were identified as possible risk factors for PHLF in the 
training cohort using univariate analysis (Table 2). Subsequently, a multivariable logistic analysis was performed with all of 
these potential risk factors. Only portal hypertension (p=0.002), the extent of resection (p=0.001), ALT (p=0.003), total 
bilirubin (p=0.005), and platelet (p=0.020) were found to be independent risk factors for PHLF (Table 2).
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Table 1 Characteristics of Patients in Training Cohort and Validation Cohort

Charcateristics Total (n=595) Training (n=416) Validation (n=179) P value

PHLF
No 452 (75.97) 320 (76.92) 132 (73.74) 0.405

Yes 143 (24.03) 96 (23.08) 47 (26.26)

Age, years 54 (46–61) 54 (47–61.2) 52 (45–60.5) 0.012
Gender

Female 95 (15.97) 67 (16.11) 28 (15.64) 0.999

Male 500 (84.03) 349 (83.89) 151 (84.36)
Causes of liver disease

Hepatitis B virus 520 (87.39) 365 (87.74) 155 (86.59) 0.902
Hepatitis C virus 16 (2.69) 11 (2.64) 5 (2.79)

Other 59 (9.92) 40 (9.62) 19 (10.61)

Cirrhosis
No 83 (13.95) 63 (15.14) 20 (11.17) 0.245

Yes 512 (86.05) 353 (84.86) 159 (88.83)

Portal hypertension
No 415 (69.75) 291 (69.95) 124 (69.27) 0.923

Yes 180 (30.25) 125 (30.05) 55 (30.73)

Extent of resection
Minor 521 (87.56) 367 (88.22) 154 (86.03) 0.499

Major 74 (12.44) 49 (11.78) 25 (13.97)

Blood loss, mL
<400 399 (67.06) 283 (68.03) 116 (64.8) 0.448

≥400 196 (32.94) 133 (31.97) 63 (35.2)

Transfution
No 461 (77.48) 325 (78.12) 136 (75.98) 0.593

Yes 134 (22.52) 91 (21.88) 43 (24.02)

ALT, U/L 30 (21–44) 29 (21–44) 30.4 (21–43) 0.015
AST, U/L 29 (22–43) 29 (22–43) 29 (22.5–40.5) <0.001

Albumin, g/L 39.9 (37–42.5) 40 (37–42.8) 39.4 (36.5–42) <0.001

Total bilirubin, μmol/L 13.8 (10.6–18.5) 13.8 (10.6–18.7) 14 (11.1–18.4) <0.001
Creatinine, μmol/L 75 (64–82) 74 (64–83) 75 (63–81.5) 0.001

PT, s 12.7 (11.6–13.8) 12.6 (11.5–13.7) 13 (11.8–14.1) 0.003

RBC, 1012/L 4.5 (4.2–4.9) 4.5 (4.2–4.9) 4.5 (4.2–5) 0.011
Platelet, 109/L 143 (102–191) 139.5 (96–184.5) 150 (112–199.5) <0.001

AFP, ng/mL

<400 457 (76.81) 323 (77.64) 134 (74.86) 0.460
≥400 138 (23.19) 93 (22.36) 45 (25.14)

Child-Pugh class

Class-A 483/512 (94.34) 333/353 (94.33) 150/159 (94.34) 0.999
Class-B 29/512 (5.66) 20/353(5.67) 9/159 (5.66)

MELD score 4.6 (2.9–6.6) 4.6 (2.7–6.7) 4.6 (3.1–6.2) 0.002

ALBI score −2.6 (−2.9 - −2.4) −2.6 (−2.9 - −2.4) −2.6 (−2.9 - −2.4) <0.001
APRI 0.5 (0.3–0.9) 0.6 (0.4–1) 0.5 (0.3–0.9) <0.001

FIB-4 score 2.1 (1.4–3.4) 2.1 (1.4–3.9) 2 (1.3–3.3) <0.001

NoteS: Categorical variables are expressed as frequency (percentage). Continuous variables are expressed as median (inter-
quartile range). 
Abbreviations: PHLF, post-hepatectomy liver failure, ALT, alanine transaminase; AST, aspartate transaminase; PT, prothrombin 
time; INR, international normalized ratio; RBC, red blood cell; AFP, a-fetoprotein; MELD, Model For End-Stage Liver Disease; 
ALBI, Albumin-bilirubin; APRI, AST-to-platelet ratio index; FIB-4, Fibrosis 4.
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Constructing a Nomogram Prediction Model for the Incidence of PHLF
We discovered that portal hypertension, the extent of resection, ALT, total bilirubin, and platelet were all independent risk 
factors for PHLF using multivariable analysis. The independent factors identified in the preceding multivariable analysis 
were included in a nomogram prediction model for the occurrence of PHLF utilizing the R software’s rms package. The 
value is rounded to obtain the total score, which is then subtracted from the chance of developing PHLF, yielding the 
anticipated probability of occurrence of PHLF (Figure 1A).

The Nomogram is Highly Predictive of PHLF in the Training Group
In the training cohort, our nomogram demonstrated a higher predictive accuracy for PHLF compared to other models. Our 
nomogram’s C-index was 0.857 (95% CI, 0.789–0.925), significantly higher than the FIB-4 score C-index of 0.742 (95% CI, 
0.646–0.838), the APRI score C-index of 0.748(95% CI, 0.658–0.838), the ALBI score C-index of 0.751 (95% CI, 0.669– 
0.832), and the MELD score C-index of 0.681 (95% CI, 0.586–0.776) (Figure 2A). Simultaneously, the calibration curves for 
PHLF prediction demonstrated a high degree of agreement between the nomogram and observed values. Our nomogram- 
based prediction model accurately predicts the occurrence of PHLF in the training cohort (Figure 3A).

The Nomogram is Highly Predictive of PHLF in the Validation Group
The nomogram also demonstrated superior accuracy for PHLF prediction in the Validation cohort, with a C-index of 
0.753 (95% CI, 0.696–0.809), higher than the FIB-4 score C-index of 0.721 (95% CI, 0.663–0.78), the APRI score 
C-index of 0.713 (95% CI, 0.653–0.772), the ALBI score C-index of 0.661 (95% CI, 0.597–0.725), MELD score C-index 

Table 2 Univariate and Multivariable Analysis of Post-Hepatectomy Liver Failure Factors

Characteristics Univariable Logistic Regression Multvariable Logistic Regression

OR (95% CI) P value OR (95% CI) P value

(Intercept) 6.558(0.021–14.153) 0.618

Age, years 1.017(0.984–1.052) 0.320
Gender, (Female vs male) 0.606(0.247–1.643) 0.294

Hypertension, (Yes vs No) 0.181(0.01–0.901) 0.099

Causes of cirrhosis, (HBV vs HCV vs Others) 1.6(0.82–2.933) 0.138
Cirrhosis, (Yes vs No) 7.622(1.556–137.786) 0.049

Portal hypertension, (Yes vs No) 6.774(3.322–14.172) <0.001 3.344(1.762–6.398) <0.001

Extent of resection, (Major vs Minor) 2.243(1.002–4.832) 0.043 3.528(1.607–7.715) 0.002
Blood loss, (≥400 vs <400 mL) 1.903(0.954–3.771) 0.065

Transfution, (Yes vs No) 2.067(0.928–4.423) 0.066

ALT, U/L 1.006(1.001–1.011) 0.022 1.003(1.002–1.011) 0.013
AST, U/L 1.003(0.999–1.007) 0.195

Albumin, g/L 0.846(0.776–0.917) <0.001

Total bilirubin, μmol/L 1.123(1.067–1.188) <0.001 1.036(1.031–1.184) 0.005
Creatinine, μmol/L 0.982(0.958–1.005) 0.138

PT, s 2.163(1.582–3.032) <0.001

RBC, 1012/L 0.387(0.202–0.719) 0.003
Platelet, 109/L 0.987(0.98–0.993) <0.001 0.994(0.988–0.999) 0.028

AFP, (≥400 vs <400 ng/mL) 1.186(0.577–2.372) 0.634

Child-Pugh class, (class-B vs class-A) 4.133(1.651–10.611) 0.002
MELD score 1.331(1.162–1.538) <0.001

ALBI score 11.469(4.505–32.143) <0.001 1.678(0.762–8.022) 0.156

APRI 1.32(1.082–1.674) 0.015
FIB-4 score 1.167(1.074–1.28) 0.001

Abbreviations: PHLF, post-hepatectomy liver failure, ALT, alanine transaminase; AST, aspartate transaminase; PT, prothrombin time; INR, international 
normalized ratio; RBC, red blood cell; AFP, a-fetoprotein; MELD, Model For End-Stage Liver Disease; ALBI, Albumin-bilirubin; APRI, AST-to-platelet 
ratio index; FIB-4, Fibrosis 4.
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Figure 1 In the training cohort, the nomogram models for predicting the overall risk of post-hepatectomy liver failure (A) and the risk of post-hepatectomy liver failure class 
B+C (B) was constructed by combining portal hypertension, resection extent, alanine transaminase, total bilirubin, and platelet risk variables.

Figure 2 By (A) training cohort and (B) validation cohort, we compared the Model’s prediction accuracy for post-hepatectomy liver failure to that of conventional models 
(FIB-4 score, APRI, Child-Pugh class, MELD score, and ALBI score). 
Abbreviations: FIB-4, Fibrosis 4; APRI, AST-to-platelet ratio index; MELD, Model For End-Stage Liver Disease; ALBI, Albumin-bilirubin.

Figure 3 Calibration curves for the purpose of developing a nomogram for predicting the overall risk of post-hepatectomy liver failure in (A) training cohort and (B) 
validation cohort. The dashed line depicts the ideal curve that would exist if the expected result and the actual circumstance were identical. If the anticipated occurrence 
rate of the calibration curve is closer to the dashed line than the measured occurrence rate, the model’s prediction ability is more accurate. The x-axis depicts the expected 
incidence of post-hepatectomy liver failure for this nomogram, whereas the y-axis depicts the actual incidence of PHLF.
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of 0.555 (95% CI, 0.487–0.623), CTP score C-index of 0.526 (95% CI, 0.496–0.556) (Figure 2B). Meanwhile, the 
calibration curves for PHLF prediction demonstrated a high degree of agreement between the nomogram and observed 
values. It demonstrates that the nomogram-based prediction model accurately predicts the occurrence of PHLF in the 
training cohort (Figure 3B).

DCA Curve Comparison of Nomogram and Conventional Models for PHLF 
Prediction Accuracy
The DCA curves indicated that, for most cohorts, the nomogram of PHLF prediction added more value than the FIB4 
score, APRI score, ALBI score, MELD score, or CTP score (Figure 4A). We can draw the same conclusion from the 
validation cohort. DCA of the validation cohort demonstrated that this nomogram was also more reliable than conven-
tional models (Figure 4B). The above results indicated that our nomogram outperforms existing models.

Constructing a Nomogram Prediction Model for the Incidence of PHLF B+C
Considering that PHLF B+C group require clinical interventions, rather than PHLF grade A or non-PHLF group, we divided 
the entire cohort into PHLF B+C and non-PHLF B+C groups. A new nomogram model for predicting PHLF B+C was 
constructed based on the existing independent risk factors (Figure 1B).

Compared with other noninvasive models in the training and validation cohorts, our nomogram for predicting PHLF 
B+C also demonstrated superior accuracy for PHLF prediction, with a C-index of 0.758 (95% CI, 0.642–0.875) and 
0.889 (95% CI, 0.825–0.952), higher than the FIB-4 score, the APRI score, the ALBI score, the MELD score, and the 
CTP score (Figure 5). The DCA curves also confirmed that our PHLF B+C prediction model outperformed other 
common non-invasive models, both in the training cohort and the validation cohort (Figure 6). Calibration curves for 
PHLC B+C probabilities showed the best agreement between actual observations and nomogram-based model predic-
tions in both training and validation cohorts (Figure 7).

Web Calculator Applications
The online calculators based on our nomogram models were developed for clinicians and researchers by simply entering 
clinical data (portal hypertension, extent of hepatectomy, platelet count, bilirubin level, ALT level) to prediction of PHLF 
overall risk (https://xingtai.shinyapps.io/DynNomapp_for_PHLF/) and PHLF B+C risk (https://xingtai.shinyapps.io/ 
DynNomapp_for_PHLF_B-C/) (Figures S1 and S2).

Figure 4 In (A) training cohort and (B) validation cohort, decision curve analysis were performed on the nomogram and conventional models for post-hepatectomy liver 
failure.
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Figure 5 By (A) training cohort and (B) validation cohort, we compared the Model’s prediction accuracy for post-hepatectomy liver failure B+C grade to that of 
conventional models (FIB-4 score, APRI, Child-Pugh class, MELD score, and ALBI score). 
Abbreviations: FIB-4, Fibrosis 4; APRI, AST-to-platelet ratio index; MELD, Model For End-Stage Liver Disease; ALBI, Albumin-bilirubin.

Figure 6 In (A) training cohort and (B) validation cohort, decision curve analysis were performed on the nomogram and conventional model for post-hepatectomy liver 
failure class B+C.

Figure 7 Calibration curves for the purpose of developing a nomogram for predicting the risk of post-hepatectomy liver failure class B+C in (A) training cohort and (B) 
validation cohort. The dashed line depicts the ideal curve that would exist if the expected result and the actual circumstance were identical. If the anticipated occurrence 
rate of the calibration curve is closer to the dashed line than the measured occurrence rate, the model’s prediction ability is more accurate. The x-axis depicts the expected 
incidence of post-hepatectomy liver failure B+C for this nomogram, whereas the y-axis depicts the actual incidence of PHLF.
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Discussion
Among the treatment options for HCC, radical hepatectomy remains the first choice. The safety of hepatectomy has been 
improving significantly with newer techniques in surgery, the widespread use of innovative surgical instruments, and the 
progress in critical care medicine. As a result, the perioperative mortality rate after hepatectomy has decreased by about 
15%.15 However, hepatocellular carcinoma is commonly associated with other complications, increasing the likelihood 
of PHLF after surgery,4 which accounts for a prominent cause of death after radical hepatectomy in HCC patients. Post- 
hepatectomy liver failure is one of the most dreadful complications after hepatectomy in HCC patients. It is crucial to 
identify HCC patients with PHLF risk proactively. Therefore, establishing a predictive model for PHLF is necessary to 
improve clinical decision-making. Published research has demonstrated that several clinical composite scoring systems 
have predictive values for PHLF. However, those clinical scores have limited predictive value and are still evolving.16 

Therefore, there are continuing efforts to improve the predictive system for PHLF.
Our study identified portal hypertension, the extent of resection, ALT, total bilirubin, and platelet count as independent risk 

factors for PHLF in HCC patients by multivariable logistic regression. As shown in previous studies, all these risk factors by 
themselves were predictive of PHLF. Berzigotti et al17 have demonstrated that portal hypertension increased the risk for 
clinical decompensation in HCC patients undergoing liver resection. Besides, liver resection in HCC patients with portal 
hypertension showed significantly increased postoperative complications, including PHLF, resulting in shorter long-term 
survival than non-portal hypertensive patients.18 Several reports have also demonstrated that patients with a smaller residual 
liver after major hepatectomy have a greater chance of developing PHLF.19,20 In addition, Heng Zou and his team found that 
the residual liver was a good predictor of PHLF.21 The same study identified that the kinetics of the transaminases can predict 
lethal PHLF and that ALT is a factor that indicates an increased risk of death in HBV-related HCC patients who develop 
PHLF.22 Similarly, total bilirubin and platelet count play an important role in predicting PHLF.23–26 We will integrate these 5 
risk factors to verify whether it can better predict PHLF.

Nomogram is a visual and intuitive statistical tool that can be used in clinical practice to provide information to facilitate 
decision making. It has been shown that the aforementioned existing scoring systems, including Child-Pugh score, MELD 
score, ALBI score, APRI score, have reasonable predictive values in the prediction of PHLF.6,8,27 However, because many 
confounding factors contribute to the development of PHLF, and some indicators in the scores mentioned earlier are 
subjective, the above systems do not predict PHLF accurately. For example, the Child-Pugh score is the most widely used 
scoring system for assessing liver function, but its value in predicting PHLF is limited.28 According to the Child-Pugh scale, 
most patients are classified as Grade A, but there may still be significant liver function heterogeneity among Grade 
A patients. For example, studies have shown that patients with Child-Pugh Grade A can be divided into two groups with 
significantly different hepatic functions.8 In addition, some of the variables in Child-Pugh classification are correlated with 
each other. Therefore, the limitations of the Child-Pugh class to assess the preoperative liver reserve function of HCC 
patients and determine the occurrence of PHLF have been widely acknowledged.

The MELD, commonly used to predict mortality in patients with end-stage liver disease after transjugular intrahepatic 
portosystemic shunts, incorporates international standardized ratios, creatinine, and serum bilirubin and is now the most 
widely used metrics for assessing liver function before liver transplantation,29 allowing for a more accurate assessment of liver 
reserve function and severity. The higher the MELD value, the higher the risk and the lower the survival rate. Chin et al found 
that the MELD score has a significant predictive value for PHLF.30 A MELD score ≥10 indicates a higher risk of PHLF, but the 
MELD prediction model does not accurately predict the severity of liver failure after hepatectomy.31 The MELD prediction 
model is often used to study patients with end-stage cirrhosis rather than patients with HCC who underwent hepatectomy. 
Therefore, the MELD prediction model is still partially flawed as a judgment of PHLF. Noninvasive liver fibrosis assessment 
indexes such as aspartic aminotransferase-platelet ratio index (APRI) and liver fibrosis-4 index (FIB-4) can be used to assess 
liver function in patients with HCC reserve and prognosis in HCC patients.32,33 Some studies suggest that FIB-4 and APRI 
have a role in predicting the prognosis of hepatectomy in HCC patients.34 Still, the predictive effect of both in liver function 
after hepatectomy remains yet to be confirmed. Several studies35–37 have recently demonstrated the predictive value of ALBI 
scores for PHLF. It has been reported38 that an ALBI >-2.6 indicates a higher risk of PHLF. Although the ALBI score only 
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includes two indicators, serum bilirubin and serum albumin, without “ceiling effect”, the ALBI score has not been widely used 
and accepted in clinical practice at this stage, and further validation and research are needed.

Therefore, we attempted to develop the nomogram models to better predict the occurrence of adequate PHLF and 
PHLF B+C. Our nomogram models performed well in predicting PHLF or PHLF B+C compared to CP scores, FIB-4, 
APRI, ALBI scores, and MELD scores. The ROC curves of the nomogram prediction model, Child-Pugh score, ALBI 
score, MELD score, and APRI score were plotted, and the C-index values were calculated to compare the predictive 
ability of the line graph prediction model and the existing relevant composite liver function scores for PHLF. The 
C-index value of this prediction model is the highest in the training and validation groups, which confirms that this 
nomogram prediction model has the best prediction effect. In terms of validation, the Bootstrap self-sampling method 
was used to calculate the consistency index, and the results proved that the prediction model has good accuracy. The 
calibration curve fits well with the ideal curve, indicating that the nomogram prediction model has a good prediction 
effect on the occurrence of PHLF. Traditionally, nomograms have been evaluated using diagnostic performance metrics 
for which clinical value cannot be determined. DCA is a widely used tool for assessing the benefits of various patient- 
preferred diagnostic tests to identify the risk of under- and over-treatment to facilitate decisions about test selection and 
use. DCA demonstrated that our nomogram models provide more benefits than other models in our study’s training and 
validation cohorts. Therefore, our nomogram model can be used consistently in clinical practice. More importantly, we 
provide two easy-to-use free online calculation applications for predicting overall risk (https://xingtai.shinyapps.io/ 
DynNomapp_for_PHLF/) and PHLF B+C risk (https://xingtai.shinyapps.io/DynNomapp_for_PHLF_B-C/). By entering 
five clinical variables, a patient’s probability of PHLF or PHLF B+C with 95% CI can be quickly obtained.

Although the PHLF nomogram prediction model constructed in this study has been proven to have a good predictive 
effect, it still has its shortcomings and limitations. (1) This study is a retrospective analysis, and although it includes 
multicenter subjects, the overall sample size is still small; (2) Some studies have included relevant preoperative and 
intraoperative indicators such as residual liver volume, imaging histology score, and liver elasticity value to construct the 
prediction model, and due to the lack of this part of data, this study was not able to comprehensively analyze its 
correlation with the occurrence of PHLF, and the inclusion of these indicators may improve the ability to predict the 
occurrence of PHLF; (3) With the development of individualized treatment, the treatment pattern of PHLF may be 
different so that the prediction model may have bias. With the inclusion of large sample data, more accurate clinical 
prediction models for PHLF may emerge.

In conclusion, we demonstrated that portal hypertension, extent of resection, ALT, total bilirubin, and platelet counts are 
the independent risk factors for predicting PHLF overall risk and PHLF B+C risk. We present the static prediction 
nomograms or online prediction calculation applications by combining the independent risk factors. The nomogram models 
showed a good predictive performance and would be a convenient tool to facilitate clinical decisions.
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