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Abstract
BACKGROUND
[bookmark: OLE_LINK6802][bookmark: OLE_LINK6803]Surgical resection remains the primary treatment for hepatic malignancies, and intraoperative bleeding is associated with a significantly increased risk of death. Therefore, accurate prediction of intraoperative bleeding risk in patients with hepatic malignancies is essential to preventing bleeding in advance and providing safer and more effective treatment.

AIM
To develop a predictive model for intraoperative bleeding in primary hepatic malignancy patients for improving surgical planning and outcomes.

METHODS
[bookmark: OLE_LINK6806][bookmark: OLE_LINK6807][bookmark: OLE_LINK6808]The retrospective analysis enrolled patients diagnosed with primary hepatic malignancies who underwent surgery at the Hepatobiliary Surgery Department of the Fourth Hospital of Hebei Medical University between 2010 and 2020. Logistic regression analysis was performed to identify potential risk factors for intraoperative bleeding. A prediction model was developed using Python programming language, and its accuracy was evaluated using receiver operating characteristic (ROC) curve analysis. 

RESULTS
[bookmark: OLE_LINK6809][bookmark: OLE_LINK6810]Among 406 primary liver cancer patients, 16.0% (65/406) suffered massive intraoperative bleeding. Logistic regression analysis identified four variables as associated with intraoperative bleeding in these patients: ascites [odds ratio (OR): 22.839; P < 0.05], history of alcohol consumption (OR: 2.950; P < 0.015), TNM staging (OR: 2.441; P < 0.001), and albumin-bilirubin score (OR: 2.361; P < 0.001). These variables were used to construct the prediction model. The 406 patients were randomly assigned to a training set (70%) and a prediction set (30%). The area under the ROC curve values for the model’s ability to predict intraoperative bleeding were 0.844 in the training set and 0.80 in the prediction set.

CONCLUSION
The developed and validated model predicts significant intraoperative blood loss in primary hepatic malignancies using four preoperative clinical factors by considering four preoperative clinical factors: ascites, history of alcohol consumption, TNM staging, and albumin-bilirubin score. Consequently, this model holds promise for enhancing individualised surgical planning.
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[bookmark: OLE_LINK7168][bookmark: OLE_LINK7169]Core Tip: A prediction model for significant intraoperative blood loss in patients with primary hepatic malignancies was constructed in this retrospective analysis. Logistic regression analysis identified four preoperative clinical factors associated with intraoperative bleeding: ascites, history of alcohol consumption, TNM staging, and albumin-bilirubin score. These factors were used to construct a prediction model that demonstrated good accuracy in assessing the risk of intraoperative bleeding. Implementation of this model has the potential to enhance personalized surgical planning, leading to safer and more effective treatment for patients with hepatic malignancies.


INTRODUCTION
[bookmark: OLE_LINK6817][bookmark: OLE_LINK6818][bookmark: OLE_LINK6819][bookmark: OLE_LINK6820]Primary liver cancer is a common cancer type worldwide, but especially in developing countries[1]. Hepatocellular carcinoma (HCC) and intrahepatic cholangiocarcinoma (ICC) are the two most prevalent primary hepatic malignancies, followed by combined HCC and cholangiocarcinoma[2]. HCC accounts for the vast majority of primary hepatic malignancies and is the third leading cause of cancer-related fatalities worldwide and the second leading cause of cancer-related death in China[3,4], whereas ICC accounts for an estimated 5%-10% of all liver malignancies[5]. Hepatitis B virus infection is responsible for up to 80% of liver cancer cases in China[6,7]. Previously published studies demonstrated that infectious liver disease and intraoperative bleeding > 1000 mL were independent factors that increased the odds of major complications. Age over 70 years, metastatic liver tumor, difficult liver resection, liver cirrhosis, and right hepatectomy were also factors that independently influenced prolonged postoperative length of stay after laparoscopic liver resection on multivariate analysis. In general, the prognosis for primary liver cancer is dismal, and especially so for cases with vascular metastases. Patients with early-stage HCC have a median life expectancy of 6-20 mo following diagnosis, with 3- and 5-year postoperative survival rates of 72% and 50%, respectively, and 5-year post-liver transplantation survival rates ranging from 48% to 61%[8-10].
Surgical resection is the primary treatment for hepatic malignancies[11-13], and intraoperative blood loss and transfusion requirements are closely related to perioperative morbidity and mortality in patients undergoing liver cancer surgery[14]. Hepatic portal blocking is usually necessary to control intraoperative bleeding[15]. In 1977, Foster and Berman published the results of a multicenter analysis of 621 patients who underwent hepatectomy for various indications, which showed that operative mortality rates exceeding 13% and 20% for hepatectomy and extended hepatic resection, respectively, with 20% of deaths resulting from bleeding[14,16]. Lei et al[15] conducted a retrospective study involving 643 consecutive patients who underwent hepatic resection for HCC. The study identified several risk factors associated with major intraoperative blood loss in these patients. These risk factors included male gender, elevated alanine aminotransferase levels (> 55 U/dL), decreased prothrombin time (< 95%), resection of more than 3 Couinaud segments, en bloc resection, low case volume of the surgeon (< 65 cases), and central location of the tumor.
Therefore, it is imperative to develop a precise methodology for the anticipation of intraoperative hemorrhaging in individuals afflicted with hepatic malignancies, in order to facilitate the implementation of tailored therapeutic interventions for these patients. Developing a scientifically rigorous methodology to predict the probability of intraoperative hemorrhage in individuals with hepatic malignancies would not only optimize the selection of appropriate surgical interventions but also improve the allocation of limited resources. In the present study, through retrospective analysis of the clinical and preoperative data of patients with primary hepatic malignancies, factors associated with intraoperative bleeding were identified. The identified factors were then incorporated into the development of a prognostic model designed to predict cases of significant intraoperative hemorrhage. Validation of this model was conducted using various statistical methods, confirming its effectiveness. The utilization of this model has the potential to improve personalized surgical planning.

MATERIALS AND METHODS
Study population
Patient data for individuals with primary hepatic malignancies who underwent radical resection in the Department of Hepatobiliary Surgery of the Fourth Hospital of Hebei Medical University from 2010-2020 were analyzed retrospectively. Patients were included in this study according to the following criteria: (1) Both male and female participants between the ages of 18 and 75 years; (2) Good overall health condition and ability to tolerate anesthesia, pneumoperitoneum, and laparoscopic liver resection; (3) Liver function classification according to Child-Pugh score A or B, with a residual liver volume to standard liver volume ratio greater than 40%; (4) Presence of a single HCC with a tumor size not exceeding 10 cm; and (5) No evidence of tumor invasion or thrombosis in major hepatic vessels, and no intrahepatic or extrahepatic metastasis. Patients were excluded if they met any of the following exclusion criteria: (1) A history of esophageal variceal hemorrhage, severe hypersplenism syndrome, or refractory ascites; (2) Any preoperative anticancer treatments including transcatheter arterial chemoembolization, radiofrequency ablation, radiotherapy; (3) Postoperative pathology suggested metastatic liver cancer or primary liver cancer of another tissue type; (4) Previous or concomitant malignancies; (5) In patients who have a prior history of increased bleeding risk or are known to have tumor-related coagulopathy; and (6) Presence of preoperative tumor ruptured. This study was approved by the Ethics Committee of the Fourth Hospital of Hebei Medical University. Rigorous adherence to a confidentiality policy was observed in all data manipulations, and the present investigation adhered to the principles outlined in the Declaration of Helsinki. The hospital ethics committee waived the requirement for written, informed patient consent due to the retrospective study design.

Data extraction
[bookmark: OLE_LINK6847][bookmark: OLE_LINK6848]For all included patients, baseline characteristics, laboratory parameters, and pathological tumor features were collected. Demographic variables included gender, age, height, weight, and history of alcohol consumption. Laboratory parameters included platelet count, hemoglobin level, alanine aminotransferase level, prothrombin time, aspartate aminotransferase level, albumin level, direct bilirubin level, total bilirubin level, methemoglobin level, unconjugated bilirubin level, and carcinoembryonic antigen level. Tumor characteristics included pathologic staging, number of lesions, maximum lesion diameter, and cancer emboli. Similarly, coexisting infections such as hepatitis B virus infection, cirrhosis, and ascites were also considered. The TNM stage was used for the cancer stage, and the patient's general health was represented by the Eastern Cooperative Oncology Group score. Liver function was assessed using Child-Pugh grade, albumin bilirubin score (ALBI), and ALBI grade. The rate of massive intraoperative bleeding was calculated based on 28 indicators, as published previously, and our clinical experience. According to the available data, the etiology of primary liver cancer in each patient was evaluated and classified.

Statistical analysis
Python software (version 3.7.1) and R language software (version 3.6.3) were used for calculations and analyses. Continuous variables are expressed as mean ± SD or median and interquartile range. Categorical variables are expressed as total and percentage. The Kruskal-Wallis test was applied to compare continuous variables between two groups, and the Chi-square test for variance was used to compare categorical variables between two groups. Two-tailed P values < 0.05 were assumed to indicate a statistically significant difference.
[bookmark: OLE_LINK6821][bookmark: OLE_LINK6822]Logistic regression analysis was performed to screen variables associated with intraoperative massive bleeding and transfusion requirements. Based on the scikit-learn algorithm of the machine learning (ML) library, a prediction model based on the identified variables was constructed using Python[17]. We conducted an evaluation of the area under the curve (AUC) values for five distinct ML models in order to ascertain the most appropriate model for our study, as depicted in Supplementary Figure 1. According to the findings, logistic regression exhibited superior AUC compared to the other four models within the medical domain. R software was used to develop the nomogram, perform logistic regression analysis, and generate decision-making, calibration, and clinical impact curves.

RESULTS
Baseline characteristics of the included liver cancer patients
A retrospective screening was conducted on data for a cohort of 445 patients diagnosed with primary hepatic malignancies. Through the screening process, a total of 406 patients were identified as meeting the predetermined inclusion criteria for the study (Figure 1). The clinical data for all 406 patients are presented in Supplementary Table 1. Blood loss exceeding 1000 mL was defined as massive bleeding. Among the 406 patients, 65 (16.0%) suffered massive intraoperative bleeding (> 1000 mL), while the median bleeding volume among patients was measured at 1267.4 mL, 291 (71.7%) had a history of hepatitis B, and 290 (71.4%) had cirrhosis.
The study cohort was divided randomly into two sets: 70% of cases to the training set, which was utilized for model training, and the remaining 30% of cases to the prediction set, which was used for model testing. Comparison of the basic and clinical characteristics of patients in the training and prediction sets showed no statistically significant differences (Table 1). Notably, 14% of the training set (39/284) and 21% of the prediction set (26/122) exhibited indications of substantial intraoperative hemorrhage.

Development and evaluation of prediction model
Among the 28 variables described in the Methods section, 21 associated with massive intraoperative bleeding based on clinical experience were included in the univariate analysis (Table 1). Variables for which P < 0.2 on univariate analysis were included in the subsequent multivariate analysis (Table 2). Then the ML model was constructed using the variables for which P < 0.05 on multivariate analysis. Four variables were identified as predictors of massive intraoperative bleeding and transfusion requirements: ascites [odds ratio (OR): 22.839; P < 0.05], history of alcohol consumption (OR: 2.950; P < 0.015), TNM staging (OR: 2.441; P < 0.001), and ALBI score (OR: 2.361; P < 0.001). From receiver operating characteristic curve analysis, the AUC values for the ability of the developed model to predict massive intraoperative bleeding were 0.844 in the training set and 0.803 in the test set (Figure 2). The predictive performance of the model (AUC = 0.844) was found to be significantly higher compared to the individual factors of history of alcohol consumption (AUC = 0.603), ascites (AUC = 0.612), and ALBI score (AUC = 0.580; Figure 3). The analysis also encompassed the examination of correlations among the variables incorporated in the study, as depicted in Figure 4.

Prediction nomogram construction
Based on the four variables identified by the logistic regression analysis, a nomogram was developed to predict the massive intraoperative bleeding among patients with hepatic malignancy (Figure 5). The calibration curve demonstrated a high level of concordance between the projected incidence derived from the logistic regression model and the observed outcomes within the cohort (Figure 6). The nomogram demonstrates reliable predictive ability for estimating the likelihood of significant intraoperative bleeding in patients with hepatic malignancies. According to the clinical impact curves, the model demonstrated superior standardized net benefits for predicting patient outcomes compared to the individual factors of ascites, alcohol consumption history, TNM stage, and ALBI score (Figure 7).

DISCUSSION
[bookmark: OLE_LINK6825][bookmark: OLE_LINK6826][bookmark: OLE_LINK6827][bookmark: OLE_LINK6828][bookmark: OLE_LINK6829][bookmark: OLE_LINK6830][bookmark: OLE_LINK6831][bookmark: OLE_LINK6832][bookmark: OLE_LINK6833][bookmark: OLE_LINK6834]As of present, efficacious treatment modalities for primary hepatic malignancies remain limited to hepatectomy[18]. Although advancements in perioperative management as well as hepatectomy techniques have led to better outcomes for patients[19,20], massive intraoperative blood loss remains a common complication with these procedures that can adversely affect postoperative outcomes[14,21]. In a comprehensive investigation conducted by Melendez et al[22], including a cohort of 496 individuals who underwent hepatectomy, it was observed that the median blood loss was 645 mL. However, the mean blood loss was higher at 848 mL, with a considerable degree of variability observed among patients, ranging from 40 to 9000 mL. Thus, given the considerable variability in blood loss, it is necessary to develop a predictive model to estimate the probability of massive intraoperative bleeding in patients diagnosed with primary hepatic malignancies. Despite previous studies investigating variables associated with severe intraoperative bleeding after hepatectomy, there has been a scarcity of research focusing on prediction models specifically for major intraoperative bleeding in patients with primary hepatic malignancies. In a study of 438 patients by Kawaguchi et al[23], hypertensive disease, preoperative chemotherapy, posterior superior resection, and partial hepatectomy were independent risk factors for increased bleeding during hepatectomy[23]. A distinct study revealed that male gender and decreased prothrombin activity were correlated with an increased risk of experiencing higher blood loss during hepatectomy[24]. Katz et al[25] applied multivariate analysis to identify factors that contribute significantly to blood loss during hepatectomy in patients diagnosed with hepatocellular malignancy. The variables identified as significant predictors include male sex, major hepatectomy, operating time, and vascular invasion, and they also reported that significantly increased bleeding during hepatectomy for hepatocellular malignancy was an independent prognostic factor for tumor recurrence and death[25]. The present research differs significantly from prior studies in that patients in the previous studies had partial hepatectomy for a variety of reasons, while all patients in the current study had primary hepatic malignancies. In contrast to previous studies that considered both preoperative and intraoperative factors, the current study specifically aimed to identify preoperative variables associated with intraoperative bleeding in patients with primary hepatic malignancies. This approach was adopted to develop a prediction model applicable before surgical intervention for these patients. In our investigation, a prognostic model was formulated utilising four clinical variables (ascites, history of alcohol consumption, TNM staging, and ALBI score), its efficacy for predicting substantial intraoperative haemorrhaging in individuals diagnosed with primary hepatic malignancies was evaluated. The model was subsequently validated to ensure its reliability and accuracy. Multiple statistical methodologies were employed to verify the satisfactory performance of the model. Using the predicted risk of significant intraoperative hemorrhage determined by the patient's nomogram score, this model has the potential to notify and alert the attending physician and surgeon. Consequently, they can implement proactive and effective treatment interventions before and during the surgical procedure for patients who show a heightened vulnerability to substantial intraoperative bleeding.

Limitations
This study has several limitations that need to be acknowledged. Firstly, it was a single-center study with internal validation only, lacking external validation, which restricts the generalizability of the model. Therefore, larger multicenter studies are required to validate these findings. The impact of tumor location within the liver on intraoperative bleeding was not considered in the study design. Furthermore, while the study focused on preoperative factors, the inclusion of intraoperative factors could provide valuable insights for guiding intraoperative decision-making regarding bleeding control methods. Hence, further analyses incorporating intraoperative factors are warranted. Lastly, prospective studies with longer follow-up periods are crucial to confirm and enhance the performance of the developed prediction model.

CONCLUSION
In summary, screening of preoperative clinical factors in patients with primary hepatic malignancies identified four variables associated with massive intraoperative bleeding, which were then used to construct a model and corresponding nomogram for the preoperative prediction of such bleeding in these patients. The developed model has the potential to improve individualized surgical planning for patients with primary hepatic malignancies, leading to enhanced outcomes and optimal utilization of limited medical resources.

ARTICLE HIGHLIGHTS
Research background
Surgical removal is the primary treatment for hepatic malignancies, but intraoperative bleeding poses a significant risk to patients with hepatic malignancies. Accurate prediction of intraoperative bleeding is crucial for preventing complications and improving treatment outcomes.

Research motivation
This study aimed to develop a predictive model for significant intraoperative blood loss in patients with primary liver malignancies. By identifying preoperative factors associated with intraoperative bleeding, we can improve surgical planning and provide safer and more effective treatment for these patients. 

Research objectives
This study aimed to identify risk factors for intraoperative bleeding in primary liver malignancies and develop a predictive model to estimate significant intraoperative blood loss.

Research methods
A retrospective analysis was conducted on primary liver malignancy patients who underwent surgery at the Hepatobiliary Surgery Department of the Fourth Hospital of Hebei Medical University between 2010 and 2020. Logistic regression analysis was used to identify risk factors for intraoperative bleeding. A predictive model was developed using Python programming. The model’s accuracy was evaluated using receiver operating characteristic (ROC) curve analysis. 

Research results
[bookmark: OLE_LINK6835][bookmark: OLE_LINK6836]Among 406 patients with primary liver cancer, 16.0% (65/406) experienced significant intraoperative bleeding. Logistic regression analysis revealed four variables that were significantly associated with intraoperative bleeding: Ascites, alcohol consumption history, TNM staging, and albumin-bilirubin score. These variables were utilized to construct a predictive model. The model demonstrated good predictive accuracy, as evidenced by area under the ROC curve values of 0.844 in the training set and 0.80 in the prediction set.

Research conclusions
This study successfully developed and validated a predictive model for significant intraoperative blood loss in patients with primary liver malignancies, using preoperative clinical factors. Implementation of this model has the potential to enhance personalized surgical planning and improve patient outcomes.

Research perspectives
Further research is needed to assess the impact of implementing the predictive model on surgical decision-making, patient safety, and overall clinical outcomes to determine its real-world effectiveness and benefits.
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Figure 1 Flow chart of patient inclusion.
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[bookmark: OLE_LINK6851][bookmark: OLE_LINK6852]Figure 2 Predictive performance of the developed model. Model discrimination was evaluated based on area under the curve values, which were (A) 0.844 in the training set and (B) 0.803 in the prediction set. ROC: Receiver operating characteristics.
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[bookmark: OLE_LINK6849][bookmark: OLE_LINK6850][bookmark: OLE_LINK6855][bookmark: OLE_LINK6856]Figure 3 Receiver operating characteristics curves for the prediction model compared with the individual variables included in the model. ROC: Receiver operating characteristics; AUC: Area under the curve; ALBI: Albumin bilirubin.
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Figure 4 Correlogram demonstrating the correlation between variables in the prediction model. ALBI: Albumin bilirubin.
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[bookmark: OLE_LINK6857][bookmark: OLE_LINK6858]Figure 5 Nomogram for the prediction of intraoperative bleeding in patients with primary hepatic malignancies based on significant variable identified by the logistic regression model. ALBI: Albumin bilirubin.
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Figure 6 Calibration curves for the prediction of intraoperative bleeding in patients with primary hepatic malignancies. Nomogram-predicted intraoperative bleeding in patients with primary hepatic malignancies is plotted on the X-axis, and actual intraoperative bleeding in patients with primary hepatic malignancies is plotted on the Y-axis.
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[bookmark: OLE_LINK6853][bookmark: OLE_LINK6854]Figure 7 Decision and clinical impact curves for use of the nomogram to predict intraoperative bleeding in patients with primary hepatic malignancies. The model showed superior standardized net benefit over the individual factors included (ascites, alcohol consumption, TNM staging, and albumin bilirubin score). ALBI: Albumin bilirubin.

[bookmark: OLE_LINK6859][bookmark: OLE_LINK6860][bookmark: OLE_LINK6861][bookmark: OLE_LINK6862][bookmark: OLE_LINK6863][bookmark: OLE_LINK6864][bookmark: OLE_LINK6865][bookmark: OLE_LINK6866]Table 1 Baseline characteristics of primary liver cancer patients in the training and prediction sets
	[bookmark: _Hlk151040550]
	Training dataset (n = 284)
	Testing dataset (n = 122)

	
	[bookmark: OLE_LINK6874][bookmark: OLE_LINK6875][bookmark: OLE_LINK6870][bookmark: OLE_LINK6871]Non-hemorrhage (245)
	Hemorrhage (39)
	P value
	[bookmark: OLE_LINK6876][bookmark: OLE_LINK6877]Non-hemorrhage (96)
	[bookmark: OLE_LINK6878][bookmark: OLE_LINK6879]Hemorrhage (26)
	P value

	Gender, male, n (%)
	195 (79.6)
	32 (82.1)
	0.888
	77 (80.2)
	20 (76.9)
	0.925

	Age (yr)
	59.0 [52.0,65.0]
	55.0 [50.5,62.0]
	0.133
	59.0 [53.0,64.0]
	59.0 [53.0,66.0]
	0.834

	Alcohol, n (%)
	
	
	0.024
	
	
	

	No
	151 (61.6)
	16 (41.0)
	
	58 (60.4)
	15 (57.7)
	

	Yes
	94 (38.4)
	23 (59.0)
	
	38 (39.6)
	11 (42.3)
	

	Ascites, n (%)
	
	
	< 0.001
	
	
	0.001

	No
	237 (96.7)
	29 (74.4)
	
	94 (97.9)
	20 (76.9)
	

	Yes
	8 (3.3)
	10 (25.6)
	
	2 (2.1)
	6 (23.1)
	

	Cirrhosis, n (%)
	
	
	0.755
	
	
	0.957

	No
	72 (29.4)
	13 (33.3)
	
	24 (25.0)
	7 (26.9)
	

	Yes
	173 (70.6)
	26 (66.7)
	
	72 (75.0)
	19 (73.1)
	

	HBV, n (%)
	
	
	0.061
	
	
	0.957

	No
	67 (27.3)
	17 (43.6)
	
	24 (25.0)
	7 (26.9)
	

	Yes
	178 (72.7)
	22 (56.4)
	
	72 (75.0)
	19 (73.1)
	

	HBG (g/L)
	145.0 [133.6,154.5]
	139.0 [125.0,154.0]
	0.275
	145.0 [135.0,153.5]
	134.0 [125.0,146.0]
	0.012

	PT (s)
	12.1 [11.5,12.7]
	12.0 [11.1,12.6]
	0.379
	12.0 [11.4,12.8]
	11.9 [11.2,13.1]
	0.710

	ALT (U/L)
	27.0 [18.0,40.0]
	31.0 [23.0,44.9]
	0.100
	29.7 [19.9,49.0]
	26.9 [20.8,35.1]
	0.332

	AST (U/L)
	27.0 [20.5,40.0]
	30.9 [26.1,43.8]
	0.053
	26.9 [19.8,41.0]
	28.1 [22.8,42.0]
	0.524

	Albumin (g/L)
	42.7 [38.9,45.5]
	41.2 [36.7,45.5]
	0.274
	43.3 [40.1,45.6]
	41.5 [37.8,44.2]
	0.075

	[bookmark: OLE_LINK6880][bookmark: OLE_LINK6881]TBIL (μmol/L)
	13.3 [10.5,17.9]
	17.7 [13.3,25.1]
	0.001
	13.6 [10.4,17.1]
	15.6 [11.9,20.4]
	0.086

	DBIL (μmol/L)
	5.0 [3.4,7.0]
	6.8 [4.2,10.4]
	0.002
	4.9 [3.4,6.7]
	5.8 [3.5,9.4]
	0.314

	IBIL (μmol/L)
	8.1 [6.6,11.4]
	9.6 [6.8,12.0]
	0.152
	8.4 [6.4,10.8]
	8.9 [7.1,11.4]
	0.440

	AFP (ng/mL)
	13.4 [4.2,352.6]
	10.6 [3.9,365.6]
	0.990
	33.3 [4.9,531.6]
	77.7 [7.1,571.7]
	0.514

	CEA (ng/mL)
	2.6 [1.8,4.1]
	2.4 [1.6,3.7]
	0.498
	2.6 [1.7,3.7]
	2.5 [2.1,3.4]
	0.883

	No. of lesions, n (%)
	
	
	0.462
	
	
	0.534

	1
	205 (83.7)
	35 (89.7)
	
	83 (86.5)
	21 (80.8)
	

	> 1
	40 (16.3)
	4 (10.3)
	
	13 (13.5)
	5 (19.2)
	

	Size of main tumor, n (%)
	
	0.002
	
	
	0.002

	< 5 cm
	144 (58.8)
	12 (30.8)
	
	58 (60.4)
	6 (23.1)
	

	≥ 5 cm
	101 (41.2)
	27 (69.2)
	
	38 (39.6)
	20 (76.9)
	

	Tumor thrombus, n (%)
	
	
	0.136
	
	
	0.329

	No
	209 (85.3)
	29 (74.4)
	
	85 (88.5)
	21 (80.8)
	

	Yes
	36 (14.7)
	10 (25.6)
	
	11 (11.5)
	5 (19.2)
	

	Pathological type, n (%)
	
	
	0.760
	
	
	0.558

	HCC
	207 (84.5)
	31 (79.5)
	
	80 (83.3)
	22 (84.6)
	

	CCA
	32 (13.1)
	7 (17.9)
	
	10 (10.4)
	4 (15.4)
	

	HCC-CCA
	2 (0.8)
	
	
	3 (3.1)
	
	

	Other
	4 (1.6)
	1 (2.6)
	
	3 (3.1)
	
	

	TNM, n (%)
	
	
	< 0.001
	
	
	< 0.001

	I
	175 (71.4)
	11 (28.2)
	
	70 (72.9)
	9 (34.6)
	

	II
	38 (15.5)
	6 (15.4)
	
	13 (13.5)
	4 (15.4)
	

	III
	27 (11.0)
	19 (48.7)
	
	10 (10.4)
	12 (46.2)
	

	IV
	5 (2.0)
	3 (7.7)
	
	3 (3.1)
	1 (3.8)
	

	Child-Pugh grade, n (%)
	
	
	0.002
	
	
	0.021

	A
	234 (95.5)
	31 (79.5)
	
	92 (95.8)
	21 (80.8)
	

	B
	11 (4.5)
	8 (20.5)
	
	4 (4.2)
	5 (19.2)
	

	ALBI score
	-2.9 [-3.1,-2.5]
	-2.7 [-3.1,-2.2]
	0.108
	-3.0 [-3.1,-2.6]
	-2.8 [-3.0,-2.1]
	0.059

	ALBI grade, n (%)
	
	
	< 0.001
	
	
	0.398

	1
	177 (72.2)
	21 (53.8)
	
	73 (76.0)
	17 (65.4)
	

	2
	68 (27.8)
	16 (41.0)
	
	23 (24.0)
	9 (34.6)
	

	3
	
	2 (5.1)
	
	
	
	


[bookmark: OLE_LINK6882][bookmark: OLE_LINK6883][bookmark: OLE_LINK6884][bookmark: OLE_LINK6885]HBV: Hepatitis B virus; HBG: Hemoglobin; PT: Prothrombin time; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL: Unconjugated bilirubin; AFP: Alpha-fetoprotein; CEA: Carcinoembryonic antigen; HCC: Hepatocellular carcinoma; CAA: Cholangio carcinoma; HCC-CCA: Combined hepatocellular-cholangiocarcinoma; ALBI: Albumin bilirubin.

Table 2 Results of multifactor analysis of variables associated with intraoperative bleeding in primary liver cancer patients
	
	97.5%CI lower
	97.5%CI upper
	OR
	P value

	Alcohol
	1.231
	7.068
	2.950
	0.015

	Ascites
	5.358
	97.359
	22.839
	< 0.001

	HBV
	0.197
	1.158
	0.478
	0.102

	TBIL
	0.947
	1.456
	1.174
	0.144

	DBIL
	0.706
	1.087
	0.877
	0.229

	IBIL
	0.725
	1.144
	0.911
	0.421

	Size of main tumor
	0.865
	5.798
	2.239
	0.097

	Tumor thrombus
	0.292
	2.549
	0.862
	0.789

	TNM
	1.527
	3.900
	2.441
	< 0.001

	Child-Pugh_gr1de
	0.035
	1.402
	0.223
	0.11

	ALBI score
	1.426
	3.909
	2.361
	0.001

	ALBI grade
	0.147
	1.124
	0.406
	0.083

	Age
	0.879
	1.091
	0.979
	0.384

	AST
	0.872
	1.139
	0.996
	0.255

	ALT
	0.969
	1.001
	0.985
	0.343


[bookmark: _Hlk134789759]HBV: Hepatitis B virus; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; TBIL: Total bilirubin; DBIL: Direct bilirubin; IBIL: Unconjugated bilirubin; ALBI: Albumin bilirubin.
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