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Abstract

Objective
Post-hepatectomy liver failure (PHLF) is a severe complication in patients with hepatocellular carcinoma
(HCC) who underwent hepatectomy. This study aims to develop a nomogram of severe PHLF in patients
with huge HCC (diameter ≥ 10 cm).

Methods
We retrospectively collected clinical information of 514 and 97 patients who underwent hepatectomy for
huge HCC at two medical centers between 2016 and 2021. Univariate and multivariate analysis were
used to screen independent factors of PHLF grade B-C, which were visualized as a nomogram.

Results
343, 171, and 97 HCC patients were included in the training cohort, internal validation cohort, and external
validation cohort, with probabilities of PHLF grade B – C of 15.1%, 12.9%, and 22.7%, respectively. Pre-
operative modi�ed albumin-bilirubin (mALBI) grade (p < 0.001), Child-Pugh class (p = 0.044), international
normalized ratio (INR) (p = 0.006), cirrhosis (p = 0.002) and intraoperative blood loss (p = 0.004) were
found to independently associate with PHLF grade B – C in the training cohort. All �ve independent
factors were used to establish the nomogram model. The area under receiver operating characteristic
curve for the nomogram in predicting PHLF grade B – C reached 0.823 and 0.740 in the internal
validation cohort and external validation cohort, respectively. After grouping the patients into different risk
groups according to the optimal cut-off value, patients in the high-risk group experienced signi�cantly
higher frequency of PHLF grade B – C than those in the low-risk group, both in the training cohort and in
the validation cohort (p < 0.001).

Conclusions
The proposed noninvasive nomogram based on mALBI-Child-Pugh and three other indicators achieved
optimal prediction of PHLF grade B-C in patients with huge HCC.

Introduction
Primary liver cancer ranks the fourth leading cause of cancer-related death globally [1]. Hepatocellular
carcinoma (HCC) accounts for more than 90% of liver cancer cases [2]. Symptoms of early-stage HCC are
often insidious, therefore some patients already had huge HCC (diameter ≥ 10 cm) at the time of
diagnosis [3]. Patients with huge HCC are considered to have poor prognosis because of the di�culties in
R0 resection [4], which requires adequate margins and therefore the extent of resection is large.
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Paradoxically, high prevalence of post-hepatectomy liver failure (PHLF) due to the large resection extent,
insu�cient future liver remnant (FLR) limits the e�cacy and safety of hepatectomy for huge HCC.

The concept of liver reserve function was established initially to maintain the adequate liver function
postoperatively [5]. The International Study Group of Liver Surgery (ISGLS) de�ned the normative PHLF
criteria in 2011 [6], and since then one purpose of preoperative evaluation is to reduce the probability of
PHLF. Serological test was one basic, noninvasive mean of assessing liver function pre-hepatectomy.
Based on serological test and clinical symptoms, Pugh et al summarized the �ndings of Child and
Turcotte and reported Child-Pugh class in 1973 [7]. The Child-Pugh class considers it relatively safe for
patients in A grade to undergo hepatectomy, which is somewhat helpful clinically. However, patients with
Child-Pugh grade A may also had signi�cant differences in liver function between each other, a portion of
whom still experienced PHLF. Evaluation of albumin-bilirubin (ALBI) scores requires only two serological
indices [8], which is precise, dynamic and has been validated in several studies in recent years [9, 10].
ALBI grade was proven to be more effective in predicting prognosis in patients with compensated liver
function than Child-Pugh class [11]. As therapeutic regimens modalities diversify with precision, Child-
Pugh class and ALBI grade are increasingly utilized for both surgical and nonsurgical treatment of liver
cancer [12, 13]. So far, no evidence has shown the predictive value of Child-Pugh class and ALBI grade for
huge HCC with high PHLF probability. In the present study, we compared the signi�cance of the Child-
Pugh class and ALBI grade in predicting PHLF grade B – C and established a nomogram based on these
two models in 343 patients with huge HCC who underwent radical surgery. The nomogram was further
validated using independent internal and external cohorts.

Methods
Study population

The inclusion criteria were as follow: (I) Patients with huge HCC (maximum diameter of tumor extent ≥
10 cm) con�rmed by preoperative contrast enhanced magnetic resonance imaging (MRI) or computed
tomography (CT), (II) Radical resection with postoperative re-examination showing no evidence of
residual disease, (III) Complete preoperative and postoperative laboratory parameters and follow-up data.
Ultimately 514 eligible patients who underwent hepatectomy at Zhongshan Hospital, Fudan University
(Xuhui district, Shanghai) between 2016 and 2021 were included in the study and were divided into a
training cohort and an internal validation cohort with a ratio of 2:1. Ninety-seven eligible patients who
underwent hepatectomy at Fujian Medical University Cancer Hospital (Fuzhou, Fujian Province) during
the same period were included in the study as an external validation cohort.

The study was conducted in accordance with the ethical standards of the Helsinki Declaration and was
approved by Ethics Committee of Zhongshan hospital and Fujian Medical University Cancer Hospital.

De�nitions
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PHLF was evaluated as de�ned by the International Study Group of Liver Surgery (ISGLS)[6], and
according to its recommendations and clinical practice, PHLF grade A requires no change in the clinical
management of the patient. PHLF grade B-C was considered severe PHLF and ranked as key point of this
study. Child-Pugh class was evaluated according to the version developed by Pugh et al summarizing the
�ndings of Child and Turcotte and reported in 1973 [7]. ALBI scores were calculated as (0.66 × log10
bilirubin) + (−0.085 × albumin) pre-operatively, where bilirubin was measured in μmol/L and albumin in
g/L [8]. The grading brackets were as follows: ALBI score ≤ −2.60 (mALBI grade 1), > −2.60 to ≤ −2.27
(mALBI grade 2a), > −2.27 to ≤ −1.39 (mALBI grade 2b), and > −1.39 (mALBI grade 3) [14, 15].

Hepatectomy was performed as previously described [16, 17], and was divided into major (> 2 segments
were resected) or minor (≤ 2 segments were resected) resection. All preoperative variables were based on
the most recent serologic test before surgery.

Statistics

Statistics were analyzed using SPSS (v23.0, IBM, Armonk, NY, USA) and R software (v3.6.3, R Project for
Statistical Computing). Categorical variables were shown as counts and percentages, while continuous
variables were summarized as medians (range). Pearson’s χ2 analysis, Fisher’s exact test, or Mann-
Whitney U test were adopted as appropriate. Multivariate regression analysis was performed in a
stepwise manner using variables with p values of < 0.05 in univariate analysis to determine predictors of
PHLF grade B-C. A two-tailed p values of < 0.05 were considered statistically signi�cant. The plotting of
nomogram, receiver operating characteristic (ROC) curves, calibration curves and decision curves were
performed using the rms package, pROC package, and rmda package, respectively.

Results
Patient characteristics

The characteristics of patients in training cohort (n = 343) and internal validation cohort (n = 171) in
Zhongshan hospital were shown in table 1, with no differences found in baseline demographic variables,
laboratory tests, and intraoperative major events between the two cohorts. There were 16 (4.7%) Child-
Pugh class B patients in training cohort compared with 5 (2.9%) in internal validation cohort. 233 (67.9%),
75 (21.9%) and 35 (10.2%) patients were assigned to mALBI grade 1, 2a and 2b in the training cohort,
while 120 (70.2%), 41 (24.0%) and 10 (5.8%) patients were to 1, 2a and 2b in the internal validation
cohort, respectively. The incidence of PHLF in the training cohort was 15.2%, which was comparable to
the internal validation cohort with a incidence of 12.9% (p = 0.485). The comparison of clinical
characteristics between the training cohort and external validation cohort was shown in Supplementary
Table 1. The external validation cohort had signi�cant differences compared with the training cohort in
patient age, baseline PT, INR and intraoperative hilar occlusion, and intraoperative blood loss, etc.
(Supplementary Table 1)

Establishment of nomogram for PHLF grade B – C
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The results of univariate analysis were shown in Supplementary Table 2. Among which, independent
predictive signi�cance for PHLF grade B – C was shown for international normalized ratio (INR), cirrhosis,
intraoperative blood loss, Child-Pugh class and mALBI grade. (Table 2) These independent risk factors
were used to construct a nomogram for predicting severe PHLF. (Figure 1) Receiver operating
characteristic (ROC) analysis, decision curve analysis (DCA) and calibration curve analysis (CCA) were
used to assess the predictive accuracy of the nomogram. The area under the ROC curve was 0.863 (p <
0.001, 95% CI, 0.812 – 0.914) for nomogram, 0.753 (p < 0.001, 95% CI, 0.676 – 0.829) for ALBI scores
and 0.718 (p < 0.001, 95% CI, 0.631 – 0.806) for Child-Pugh scores. (Figure 2A) DCA suggested that the
predictive value of the nomogram outperformed that of the ALBI score and Child-Pugh score. (Figure 2B) 

Validation of nomogram in internal and external independent cohort

The area under the ROC curve was 0.823 (p < 0.001, 95% CI, 0.737 – 0.909) for nomogram, 0.689 (p =
0.004, 95% CI, 0.572 – 0.805) for ALBI scores and 0.691 (p = 0.004, 95% CI, 0.555 – 0.827) for Child-Pugh
scores in the internal validation cohort (Figure 2C) and 0.740 (p = 0.001, 95% CI, 0.624 – 0.856) for
nomogram, 0.639 (p = 0.044, 95% CI, 0.514 – 0.765) for ALBI scores and 0.619 (p = 0.085, 95% CI, 0.482
– 0.857) for Child-Pugh scores in the external validation cohort (Figure 2E). Consistent with the training
cohort, the DCA curves in the internal and external validation cohort both revealed that the nomogram
provided a higher net bene�t than the ALBI score and Child-Pugh scores (Figure 2D and 2F). Calibration
curve showed consistency between predictions and observations in the training cohort and validation
cohort. (Figure 3)

Risk strati�cation of nomogram

The nomogram score corresponding to the maximum Youden index was considered as the cut-off value
in the training cohort. Patients with higher value than 137.02 were considered to be high-risk populations
for PHLF grade B – C, and those with lower value were considered to be low-risk populations. Based on
this, we pooled the probabilities of PHLF grade B – C in different risk populations in the training cohort,
validation cohort. (Table 3) Patients in the high-risk group experienced signi�cantly higher frequency of
PHLF grade B – C than those in the low-risk group, both in the training cohort and in the validation cohort.
(p 0.001, p 0.001, respectively)

Discussion
Hepatectomy remains the best treatment option for patients with HCC [18]. With advances in preoperative
evaluation, intraoperative techniques, and postoperative management, the surgical indications for huge
HCC have also expanded [19]. Huge HCC may bring an especially higher PHLF due to the large surgical
resection extent. In fact, study on huge HCC was rather limited. Xiang et al. reported a 29.0% probability
of severe PHLF in 186 patients with huge HCC [20]. Guo et al. showed that 13.8% patients experienced
PHLF of all grades after major hepatectomy in a total of 745 patients [21]. In the present study, based on
the experience of two centers over a period of �ve years, we reported a double PHLF grade B – C rate after
hepatectomy in a large cohort of 611 patients with huge HCC.
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PHLF grade B results a deviation from regular clinical management and needs noninvasive treatment,
while grade C requires invasive treatment [6]. Therefore, we sought to �nd some independent risk factors
that could predict severe PHLF. Child-Pugh grade is a classical predictor of liver surgery or transplantation
[22–24]. However, the Child-Pugh score was not precise enough, and assessment of ascites, hepatic
encephalopathy was subjective. There have been many studies in recent years choosing to look further
for predictors of hepatectomy in cohort of Child-Pugh A patients [25, 26]. ALBI, together with other
indicators, has been considered to improve the estimation of liver function in recent years [27]. The ALBI
grading is similarly problematic with the larger number of patients in grade 2 and the large discrepancy in
actual liver function between each other. A detailed assessment of ALBI grading, the mALBI grading, was
therefore performed by Kudo et al [14]. Our results illustrated that the Child-Pugh score and ALBI score
had a limited predictive role for PHLF grade B – C. The possible reason is that some other baseline
related characteristics and intraoperative events also affect postoperative liver function to some extent.
Therefore, we included some other baseline indicators and major intraoperative events in the univariate
analysis. Finally, mALBI grade, Child-Pugh grade, intraoperative blood loss, cirrhosis and INR were
screened as independent risk factors. A nomogram was established and validated in two independent
cohorts to accurately estimate PHLF grade B – C. This simple and noninvasive model could accurately
predict PHLF grade B – C in both the training and internal validation cohorts and performed better than
evaluated with Child-Pugh scores and mALBI scores separately. In an external validation cohort with
nonidentical baseline patient characteristics, the model predicted the occurrence of severe PHLF with
enough precision as well. This illustrated that our nomogram model has the potential to be generalized to
other medical centers.

The nomogram also strati�ed candidates of hepatectomy for huge HCC into different risk groups of
severe PHLF. In the overall cohort, patients in the high-risk group had a 67.7% probability of developing
severe PHLF, which suggested that we should hold stricter grasp on the surgical indications as well as
more careful perioperative management. For these patients, it may be safer to choose nonsurgical
treatment or neoadjuvant systemic therapy [28], TACE followed by hepatectomy [29]. Patients in the low-
risk group have a 13.3% probability of developing PHLF grade B – C, and we consider these patients to be
suitable candidates for hepatectomy. Although the accuracy of this model still needs improvement,
different risk groupings are bene�cial for patients and surgeons to make more optimal choices.

The main limitation of this study is its retrospective nature with potential selection bias. Validation in
more centers and larger cohorts is needed in the future. In addition, our cohort contained more than 70%
patients with HBV infection, so whether the model can be applied equally to huge HCC due to other
etiologies, such as HCV infection, steatohepatitis, should be explored further.

Conclusions
This noninvasive nomogram based on mALBI-Child-Pugh grade showed higher accuracy for predicting
PHLF B – C compared with ALBI scores and Child-Pugh scores separately in patients with huge HCC. We
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hypothesized this nomogram to improve indications for hepatectomy, stratifying patients for
perioperative management by predicting PHLF grade B – C.

Abbreviations
mALBI, modi�ed albumin-bilirubin, HCC, hepatocellular carcinoma, PHLF, post hepatectomy liver failure,
ALT, alanine aminotransferase, AST, aspartate transaminase, γ-GT, gamma-glutamyl transferase, PT,
prothrombin time, INR, international normalized ratio.

Declarations
Acknowledgement

Not applicable.

Authors’ contributions

Conception and design: Ying-Hao Shen and Ming-Hao Xu. Administrative support: Jia Fan, Jian Zhou,
and Hui-Chuan Sun. Collection of data: Ming-Hao Xu, Zhong Xue, Zhao-Shuo Chen, Cheng Huang and
Xiao-Dong Zhu. Analysis of data: Ying-Hao Shen, Ming-Hao Xu, Chen-Hao Zhou, and Wen-Xin Xu.
Manuscript writing: Ying-Hao Shen, Ming-Hao Xu, Bin Xu. All authors read and approved the �nal
manuscript.

Grant support

This work was supported by the National Natural Science Foundation of China (Grant No. 82172799).

Consent for publication

Not applicable

Con�ict of interest statement

The authors declare that they have no competing interests.

Availability of data and material' statement

The datasets during and/or analyzed during the current study are available from the corresponding
author on reasonable request.

Ethics approval and consent to participate

The study was conducted in accordance with the ethical standards of the Helsinki Declaration and was
approved by Ethics Committee of Zhongshan hospital and Fujian Medical University Cancer Hospital.



Page 9/17

References
1. Villanueva A: Hepatocellular Carcinoma. The New England journal of medicine 2019, 380(15):1450–

1462.

2. Llovet JM, Kelley RK, Villanueva A, Singal AG, Pikarsky E, Roayaie S, Lencioni R, Koike K, Zucman-
Rossi J, Finn RS: Hepatocellular carcinoma. Nature reviews Disease primers 2021, 7(1):6.

3. Truty MJ, Vauthey JN: Surgical resection of high-risk hepatocellular carcinoma: patient selection,
preoperative considerations, and operative technique. Annals of surgical oncology 2010,
17(5):1219–1225.

4. Wang JC, Hou JY, Chen JC, Xiang CL, Mao XH, Yang B, Li Q, Liu QB, Chen J, Ye ZW et al:
Development and validation of prognostic nomograms for single large and huge hepatocellular
carcinoma after curative resection. European journal of cancer (Oxford, England: 1990) 2021,
155:85–96.

5. D'Avola D, Granito A, Torre-Aláez M, Piscaglia F: The importance of liver functional reserve in the non-
surgical treatment of hepatocellular carcinoma. Journal of hepatology 2021.

�. Rahbari NN, Garden OJ, Padbury R, Brooke-Smith M, Crawford M, Adam R, Koch M, Makuuchi M,
Dematteo RP, Christophi C et al: Posthepatectomy liver failure: a de�nition and grading by the
International Study Group of Liver Surgery (ISGLS). Surgery 2011, 149(5):713–724.

7. Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R: Transection of the oesophagus for
bleeding oesophageal varices. The British journal of surgery 1973, 60(8):646–649.

�. Johnson PJ, Berhane S, Kagebayashi C, Satomura S, Teng M, Reeves HL, O'Beirne J, Fox R,
Skowronska A, Palmer D et al: Assessment of liver function in patients with hepatocellular
carcinoma: a new evidence-based approach-the ALBI grade. Journal of clinical oncology: o�cial
journal of the American Society of Clinical Oncology 2015, 33(6):550–558.

9. Chan AW, Chong CC, Mo FK, Wong J, Yeo W, Johnson PJ, Yu S, Lai PB, Chan AT, To KF et al:
Incorporating albumin-bilirubin grade into the cancer of the liver Italian program system for
hepatocellular carcinoma. Journal of gastroenterology and hepatology 2017, 32(1):221–228.

10. Hiraoka A, Kumada T, Michitaka K, Toyoda H, Tada T, Ueki H, Kaneto M, Aibiki T, Okudaira T,
Kawakami T et al: Usefulness of albumin-bilirubin grade for evaluation of prognosis of 2584
Japanese patients with hepatocellular carcinoma. Journal of gastroenterology and hepatology 2016,
31(5):1031–1036.

11. Kumada T, Toyoda H, Tada T, Yasuda S, Tanaka J: Changes in Background Liver Function in Patients
with Hepatocellular Carcinoma over 30 Years: Comparison of Child-Pugh Classi�cation and Albumin
Bilirubin Grade. Liver cancer 2020, 9(5):518–528.

12. Vogel A, Frenette C, Sung M, Daniele B, Baron A, Chan SL, Blanc JF, Tamai T, Ren M, Lim HJ et al:
Baseline Liver Function and Subsequent Outcomes in the Phase 3 REFLECT Study of Patients with
Unresectable Hepatocellular Carcinoma. Liver cancer 2021, 10(5):510–521.



Page 10/17

13. Fagenson AM, Gleeson EM, Pitt HA, Lau KN: Albumin-Bilirubin Score vs Model for End-Stage Liver
Disease in Predicting Post-Hepatectomy Outcomes. Journal of the American College of Surgeons
2020, 230(4):637–645.

14. Hiraoka A, Michitaka K, Kumada T, Izumi N, Kadoya M, Kokudo N, Kubo S, Matsuyama Y, Nakashima
O, Sakamoto M et al: Validation and Potential of Albumin-Bilirubin Grade and Prognostication in a
Nationwide Survey of 46,681 Hepatocellular Carcinoma Patients in Japan: The Need for a More
Detailed Evaluation of Hepatic Function. Liver cancer 2017, 6(4):325–336.

15. Hiraoka A, Michitaka K, Kumada T, Kudo M: ALBI Score as a Novel Tool in Staging and Treatment
Planning for Hepatocellular Carcinoma: Advantage of ALBI Grade for Universal Assessment of
Hepatic Function. Liver cancer 2017, 6(4):377–379.

1�. Han HS, Shehta A, Ahn S, Yoon YS, Cho JY, Choi Y: Laparoscopic versus open liver resection for
hepatocellular carcinoma: Case-matched study with propensity score matching. Journal of
hepatology 2015, 63(3):643–650.

17. Strasberg SM: Nomenclature of hepatic anatomy and resections: a review of the Brisbane 2000
system. Journal of hepato-biliary-pancreatic surgery 2005, 12(5):351–355.

1�. Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, Jia J, Tateishi R, Han KH, Chawla YK, Shiina S et al:
Asia-Paci�c clinical practice guidelines on the management of hepatocellular carcinoma: a 2017
update. Hepatology international 2017, 11(4):317–370.

19. Gunasekaran G, Bekki Y, Lourdusamy V, Schwartz M: Surgical Treatments of Hepatobiliary Cancers.
Hepatology (Baltimore, Md) 2021, 73 Suppl 1:128–136.

20. Xiang F, Liang X, Yang L, Liu X, Yan S: CT radiomics nomogram for the preoperative prediction of
severe post-hepatectomy liver failure in patients with huge (≥ 10 cm) hepatocellular carcinoma.
World journal of surgical oncology 2021, 19(1):344.

21. Guo G, Lei Z, Tang X, Ma W, Si A, Yang P, Li Q, Geng Z, Zhou J, Cheng Z: External Validation of Six
Liver Functional Reserve Models to predict Posthepatectomy Liver Failure after Major Resection for
Hepatocellular Carcinoma. Journal of Cancer 2021, 12(17):5260–5267.

22. Kokudo N, Vera DR, Tada K, Koizumi M, Seki M, Matsubara T, Ohta H, Yamaguchi T, Takahashi T,
Nakajima T et al: Predictors of successful hepatic resection: prognostic usefulness of hepatic
asialoglycoprotein receptor analysis. World journal of surgery 2002, 26(11):1342–1347.

23. Frilling A, Frühauf N, Sotiropoulos GC, Cicinnati V, Malago M, Broelsch CE: [Surgical therapy of
hepatocellular carcinoma]. Zentralblatt fur Chirurgie 2003, 128(11):900–905.

24. De Carlis L, Giacomoni A, Pirotta V, Lauterio A, Slim AO, Sammartino C, Cardillo M, Forti D: Surgical
treatment of hepatocellular cancer in the era of hepatic transplantation. Journal of the American
College of Surgeons 2003, 196(6):887–897.

25. Gu J, Zhang E, Liang B, Zhang Z, Chen X, Xiong M, Huang Z: Liver Collagen Contents Are Closely
Associated with the Severity of Cirrhosis and Posthepatectomy Liver Failure in Patients with
Hepatocellular Carcinoma and Child-Pugh Grade A Liver Function. Annals of surgical oncology 2021,
28(8):4227–4235.



Page 11/17

2�. Zhou SJ, Zhang EL, Liang BY, Zhang ZY, Dong KS, Hou P, Chen XP, Xiong M, Huang ZY: Morphologic
severity of cirrhosis determines the extent of liver resection in patients with hepatocellular carcinoma
and Child-Pugh grade A cirrhosis. The Journal of surgical research 2016, 200(2):444–451.

27. Demirtas CO, D'Alessio A, Rimassa L, Sharma R, Pinato DJ: ALBI grade: Evidence for an improved
model for liver functional estimation in patients with hepatocellular carcinoma. JHEP reports:
innovation in hepatology 2021, 3(5):100347.

2�. Ho WJ, Zhu Q, Durham J, Popovic A, Xavier S, Leatherman J, Mohan A, Mo G, Zhang S, Gross N et al:
Neoadjuvant Cabozantinib and Nivolumab Converts Locally Advanced HCC into Resectable Disease
with Enhanced Antitumor Immunity. Nature cancer 2021, 2(9):891–903.

29. Wei ZQ, Zhang YW: Transcatheter arterial chemoembolization followed by surgical resection for
hepatocellular carcinoma: a focus on its controversies and screening of patients most likely to
bene�t. Chinese medical journal 2021, 134(19):2275–2286.

Tables
Table 1. Base characteristics of patients in the training cohort (n = 343) and validation cohort (n = 171). 
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Variables Total

(n = 514)

Training cohort

(n = 343)

Internal validation
cohort

(n = 171)

p
value

Age, years 55 (20 – 82) 55 (20 – 80) 55 (20 – 81) 0.128

Sex Male 448 (87.2) 298 (86.9) 150 (87.7) 0.789

Female 66 (12.8) 45 (13.1) 21 (12.3)

Albumin, g/L 40.8 (24.0 –
53.0)

40.6 (24.0 –
53.0)

41.2 (25.0 – 48.7) 0.277

Total bilirubin, µmol/L 12.3 (3.1 –
109.4)

12.4 (3.1 –
109.4)

12.0 (4.7 – 51.4) 0.128

ALT, U/L 32.4 (5.2 –
351.0)

32.4 (5.2 –
351.0)

32.4 (7.2 – 334.0) 0.295

AST, U/L 39.2 (10.4 –
308.0)

41.1 (13.0 –
251.4)

38.0 (10.4 –
308.0)

0.561

γ-GT, U/L 101.0 (14.0 –
1330.0)

102.0 (16.0 –
1330.0)

93.0 (14.0 –
698.0)

0.174

PT, s 12.1 (9.4 –
19.0)

12.2 (9.4 –
19.0)

12.0 (10.1 – 15.2) 0.056

INR 1.08 (0.86 –
1.68)

1.08 (0.86 –
1.68)

1.07 (0.91 – 1.34) 0.064

Hilar occlusion, min 23 (0 – 90) 22 (0 – 79) 25 (0 – 90) 0.358

Intraoperative blood loss, ml 300 (20 –
4000)

300 (20 –
4000)

200 (20 – 2500) 0.886

Extent of
resection

Major 466 (90.7) 308 (89.8) 158 (92.3) 0.339

Minor 48 (9.3) 35 (10.2) 13 (7.6)

Type of
hepatectomy

Laparoscopic 7 (1.4) 5 (1.5) 2 (1.1) 0.791

Open 507 (98.6) 338 (98.5) 169 (98.8)

Cirrhosis Yes 365 (71.0) 250 (72.9) 115 (67.3) 0.185

No 149 (29.0) 93 (27.1) 56 (32.7)

HBsAg Positive 368 (71.6) 241 (70.3) 127 (74.3) 0.343

Negative 146 (28.4) 102 (29.7) 44 (25.7)

HBeAg Positive 77 (15.0) 48 (14.0) 29 (17.0) 0.375

Negative 437 (85.0) 295 (86.0) 142 (83.0)

HBV DNA Positive 317 (61.7) 213 (62.1) 104 (60.8) 0.778



Page 13/17

Negative 197 (38.3) 130 (37.9) 67 (39.2)

AFP, ng/mL < 20 171 (33.3) 118 (34.4) 53 (31.0) 0.730

20 – 400 117 (22.8) 76 (22.2) 41 (24.0)

>400 226 (44.0) 149 (43.3) 77 (45.0)

mALBI grade 1 353 (68.7) 233 (67.9) 120 (70.2) 0.249

2a 116 (22.6) 75 (21.9) 41 (24.0)

2b 45 (8.8) 35 (10.2) 10 (5.8)

Child–Pugh
scores

A 493 (95.9) 327 (95.3) 166 (97.1) 0.348

B 21 (4.1) 16 (4.7) 5 (2.9)

PHLF, grade B-C Yes 74 (14.4) 52 (15.2) 22 (12.9) 0.485

No 440 (85.6) 291 (84.8) 149 (87.1)

Categorical variables are summarized as n (%). Continuous variables are summarized as median (range).
Pearson χ2, Fisher’s exact, and Mann-Whitney U (Wilcoxon rank sum test) tests were used, as appropriate.

AFP, α-fetoprotein; mALBI, modi�ed albumin-bilirubin; ALT, alanine aminotransferase; AST, aspartate
transaminase; γ-GT, gamma-glutamyl transferase; PT, prothrombin time; INR, international normalized
ratio; PHLF, post hepatectomy liver failure.

Table 2. Independent predictive factors for PHLF grade B – C. 

Variables β P value OR 95% CI

mALBI Grade 1        

Grade 2a 1.087 0.009 2.966 1.297 – 6.765

Grade 2b 2.126 0.001 8.383 3.197 – 22.508

Child-Pugh  Class A        

Class B 1.343 0.044 3.830 1.057 – 14.844

Intraoperative blood loss 300ml        

≥ 300ml 1.082 0.004 2.952 1.430 – 6.235

Cirrhosis No        

Yes 1.392 0.019 4.022 1.397 – 15.037

INR 5.293 0.005 198.99 6.092 – 9585.172
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Intercept: -11.36. 

OR, odds ratio; PHLF, post hepatectomy liver failure; CI, con�dence interval; mALBI, modi�ed albumin-
bilirubin; INR, international normalized ratio.

Table 3. Incidence of PHLF grade B – C in high-risk group and low-risk groups in the training cohort and
validation cohorts. 

Cohorts Subgroups PHLF grade B – C P value

Training cohort High-risk group 13 (68.4) 0.001

Low-risk group 39 (12.0)

Validation cohort High-risk group 8 (66.7) 0.001

Low-risk group 38 (14.8)

Data are presented as n (%). Fisher’s exact test was adopted.

PHLF, post hepatectomy liver failure.

Figures

Figure 1
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Nomogram for the prediction of PHLF grade B – C in patients with huge HCC developed in the training
cohort. mALBI, modi�ed albumin-bilirubin, INR, international normalized ratio, PHLF, post hepatectomy
liver failure.

Figure 2

ROC curves for nomogram in the training cohort (A), internal validation cohort (C) and external validation
cohort (E), respectively. Decision curves for nomogram in the training cohort (B), internal validation cohort
(D) and external validation cohort (F), respectively. ROC, receiver operating characteristic, AUC, area under
curve, ALBI, albumin-bilirubin.
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Figure 3

Calibration curves for the nomogram in training cohort, internal validation cohort and external validation
cohort, respectively.
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