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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) is one of the most common types of cancers worldwide, ranking fifth among men and seventh among women, resulting in more than 7 million deaths annually. With the development of medical technology, the 5-year survival rate of HCC patients can be increased to 70%. However, HCC patients are often at increased risk of cardiovascular disease (CVD) death due to exposure to potentially cardiotoxic treatments compared with non-HCC patients. Moreover, CVD and cancer have become major disease burdens worldwide. Thus, further research is needed to lessen the risk of CVD death in HCC patient survivors.

AIM
To determine the independent risk factors for CVD death in HCC patients and predict cardiovascular mortality (CVM) in HCC patients.

METHODS
This study was conducted on the basis of the Surveillance, Epidemiology, and End Results database and included HCC patients with a diagnosis period from 2010 to 2015. The independent risk factors were identified using the Fine-Gray model. A nomograph was constructed to predict the CVM in HCC patients. The nomograph performance was measured using Harrell’s concordance index (C-index), calibration curve, receiver operating characteristic (ROC) curve, and area under the ROC curve (AUC) value. Moreover, the net benefit was estimated via decision curve analysis (DCA).

RESULTS
The study included 21545 HCC patients, of whom 619 died of CVD. Age (< 60) [1.981 (1.573-2.496), P < 0.001], marital status (married) [unmarried: 1.370 (1.076-1.745), P = 0.011], alpha fetoprotein (normal) [0.778 (0.640-0.946), P = 0.012], tumor size (≤ 2 cm) [(2, 5] cm: 1.420 (1.060-1.903), P = 0.019; > 5 cm: 2.090 (1.543-2.830), P < 0.001], surgery (no) [0.376 (0.297-0.476), P < 0.001], and chemotherapy(none/unknown) [0.578 (0.472-0.709), P < 0.001] were independent risk factors for CVD death in HCC patients. The discrimination and calibration of the nomograph were better. The C-index values for the training and validation sets were 0.736 and 0.665, respectively. The AUC values of the ROC curves at 2, 4, and 6 years were 0.702, 0.725, 0.740 in the training set and 0.697, 0.710, 0.744 in the validation set, respectively. The calibration curves showed that the predicted probabilities of the CVM prediction model in the training set vs the validation set were largely consistent with the actual probabilities. DCA demonstrated that the prediction model has a high net benefit.

CONCLUSION
Risk factors for CVD death in HCC patients were investigated for the first time. The nomograph served as an important reference tool for relevant clinical management decisions.
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Core Tip: Hepatocellular carcinoma (HCC) is one of the most prevalent cancers worldwide. Studies have shown that HCC patients have chance to improve 5-year survival rate to 70%. How to avoid cardiovascular disease (CVD) death in HCC patients has become a problem worth exploring due to the course of treatment and the manifestation of certain paraneoplastic syndromes. In this study, we used Fine-Gray model to identify the independent risk factors for CVD death in HCC patients and constructed a predictive nomograph with high performance.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide, ranking fifth among men and seventh among women, resulting in more than 7 million deaths annually[1,2]. Cardiovascular disease (CVD), which includes heart disease and stroke, is the most prevalent noncommunicable disease (NCD)[3]. CVD is also the major cause of morbidity and mortality around the world, representing approximately one-third of all deaths[4]. As the report goes, CVD and cancer are the major causes of death around the world, while being a major burden of disease in the world[3].
In the last decade, CVD has been recognized as one of the most frequent advanced comorbidities of cancer treatment[5]. Advances in therapeutic approaches, especially the advent of immunotherapies, have revolutionized cancer treatment, allowing the lifespan of cancer patients to be extended, but at the same time leading to millions of cancer survivors currently at risk of developing CVD[6-8]. In recent years, studies have found that the 5-year survival rate for HCC patients can increase to 70%, if an early diagnosis or some potential treatment is received[9]. Cancer patients are at an elevated risk of CVD death from exposure to potentially cardiotoxic therapies compared with noncancer persons[10]. Furthermore, in addition to cardiotoxicity from treatment, HCC patients often exhibit various paraneoplastic syndromes, including hypercholesterolemia, thrombocytosis, and hypercalcemia[11,12]. All of this may lead to an increased risk of cardiovascular death in HCC patients[13-15]. Therefore, how to prevent death from CVD in cancer survivors is a question worth exploring. Although several studies have addressed this field, they mainly focused on breast, colorectal, prostate, and other cancers[16-18], and studies focusing on CVD outcomes in HCC patients have not been reported.
Traditional survival analyses typically focus on only one outcome event, and ignoring observational endpoints in medical research is often not unique. This omission of observations for other endpoints is prone to bias and, in turn, produces an overestimation of the model’s predictive ability[19]. Competing risks refer to events whose occurrence excludes the incidence of the major event of interest, and NCD deaths are a competing risk if the major event of interest is CVD death[20]. This study chose to construct a prediction model via the Fine–Gray model with the aim of separating competing events from the outcome event of interest, eliminating the effect of competing events on the study.
The Surveillance, Epidemiology, and End Results (SEER) database is a publically accessible, federally funded cancer reporting system that represents the collaboration between the Centers for Disease Control and Prevention, the National Cancer Institute, and regional and state cancer registries and serves as the authoritative cancer statistics database in the United States[21]. The SEER database contains data extracted from[18] different geographic populations, representing rural, urban, and regional populations[22]. The aim of this study was to investigate the independent influencing factors of CVD death in HCC patients and to construct a predictive model by analyzing HCC patients (age ≥ 18 years) diagnosed between 2010 and 2015 in. the SEER database to assess the probability of CVD death in HCC patients while effectively avoiding death due to CVD, improving prognosis, and improving the quality of life of HCC patients.

MATERIALS AND METHODS
Data sources and population selection
HCC patient information was extracted from the SEER database via SEER stat 8.4.0.1 with the liver site code C22.0, excluding Fibrolamellar histology (8171/3)[23]. The inclusion criteria were as follows: (1) Patients aged 18 years or older and pathologically diagnosed with HCC; (2) diagnosed between 2010 and 2015; and (3) complete follow-up data. The patient information collected includes age, sex, race, marital status, year of diagnosis, pretreatment alpha fetoprotein (AFP) level, American Joint Committee on Cancer (AJCC) stage group, T stage, N stage, M stage, surgery, radiotherapy, and chemotherapy status, survival time, and cause of death. This study used the 7th edition of the AJCC staging. Data on patients with any of the abovementioned missing information were excluded (Supplementary Figure 1).

Outcome assessment
Death due to CVD was the primary observational endpoint. According to the SEER database, causes of death due to CVD include hypertension without heart disease, heart diseases, cerebrovascular diseases, aortic aneurysm and dissection, atherosclerosis, and other diseases of arteries, arterioles, and capillaries. Death from other causes was considered a competing event, and survival at the end of the study was considered a censored event.

Statistical analysis
In this study, categorical information was statistically described by number and percentage. The R software was used to divide all the study subjects into two parts in a ratio of 7:3, which were the training set and the validation set. The balance test between the two sets was performance using χ2 test. In the training test, the Fine-Gray model was used for univariate and multivariate analyses. Multivariate analysis of statistically significant indicators in univariate analysis to explore risk factors for CVD death in HCC patients, which was measured as the adjusted hazard ratio (HR) and 95% confidence interval (CI), and a nomograph was established to predict the area under the receiver operating characteristic (ROC) curve (AUC) and the probability of survival at 2, 4, and 6 years in HCC patients. Harrell’s concordance C-index was calculated using bootstrap resampling (1000 replications) to measure the discriminatory ability of the nomograph. Consistency was gauged by calibration curves, while the predictive effect of the model was verified using the ROC curve and AUC[5,24]. In addition, the net clinical benefit of the nomograph was estimated via decision curve analysis (DCA).
All statistical analyses for this study were conducted using SPSS 25.0 and the R software (version 4.2.2). The packages used included survival, caret, risk, regression, foreign, state, pROC, ggDCA, and pe. Furthermore, all tests were bilateral, and statistical significance was set at a P value of < 0.05.

RESULTS
Patient selections and baseline characteristics
In this study, 40401 HCC patients from the SEER database were included. Moreover, 45 patients under the age of 18; 39 patients with a T stage of T0; 5306 patients with missing or zero survival time; and 8966 patients with missing clinical data were excluded. Finally, 21545 HCC patients were included in the statistical analysis. Table 1 shows the detailed characteristics of the case arm, divorce, separation, or widowhood (DSW).

Balance test between the training and validation sets
As shown in Table 2, no significant differences in basic characteristics were observed between the HCC patients in the training and validation sets (P > 0.05). The results revealed that the distributions of each feature of the HCC patients in the training and validation sets were the same and the resulting nomogram prediction model in the training set could be validated in the validation set.

Univariate analysis of CVD-related death in HCC patients 
As shown in Table 3, the HCC patients in the entire cohort were randomly assigned to the training set (N1 = 15081) vs the validation set (N2 = 6464) in a 7:3 ratio. The univariate analysis of the training set data revealed that age (HR, 2.054; 95%CI: 1.637-2.576), race [other (HR, 0.653; 95%CI: 0.493-0.864)], marital status [unmarried (HR, 1.322; 95%CI: 1.042-1.678); DSW (HR, 1.377; 95%CI: 1.099-1.726)], AFP (HR, 0.786; 95%CI: 0.647-0.954), AJCC stage group [grad Ⅱ (HR, 0.775; 95%CI: 0.611-0.982)], tumor size [(2, 5) cm (HR, 1.361; 95%CI: 1.018-1.821); > 5 cm (HR, 2.254; 95%CI: 1.667-3.048)], T stage [T2 (HR, 0.761; 95%CI: 0.602-0.960); T4 (HR, 1.806; 95%CI: 1.033-3.159)], surgery (HR, 0.447; 95%CI: 0.359-0.557), and chemotherapy (HR, 0.770; 95%CI: 0.637-0.931) were risk factors of CVD death in HCC patients.

Multifactorial analysis of CVD-related death in HCC patients 
As shown in Figure 1, the variables that were statistically significant in the univariate analysis were included in the multivariate analysis. After adjustment of the model, the following independent risk factors for CVD death in HCC patients were finally obtained, including age (HR, 1.981; 95%CI: 1.573-2.496), marital status [unmarried (HR, 1.370; 95%CI: 1.076-1.745); DSW (HR, 1.240; 95%CI: 0.988-1.556)], AFP (HR, 0.778; 95%CI: 0.640-0.946), tumor size [(2, 5) cm (HR, 1.420; 95%CI: 1.060-1.903); > 5 cm (HR, 2.090; 95%CI: 1.543-2.830), surgery (HR, 0.376; 95%CI: 0.297-0.476), and chemotherapy (HR, 0.578; 95%CI: 0.472-0.709)].

Construction of the predictive model
Based on the results of the multifactorial analysis, the six variables of age, marital status, AFP, tumor size, surgery, and chemotherapy were incorporated into the prediction model of CVD death in HCC patients, and a nomograph was constructed to predict the probability of CVD death at 2, 4, and 6 years in HCC patients by summing the factor scores according to the individual condition of the patients (Figure 2).

Validation of the prediction model
This study used the data from both the training and validation sets to estimate the constructed nomogram model in terms of discrimination and calibration. The evaluation of the degree of discrimination was performed using the C-index obtained from bootstrap resampling, plotting the ROC curve, and calculating the AUC value. The C-index values were 0.736 and 0.665 in the training and development sets, respectively. Figure 3 shows the ROC curves of the nomogram model to predict the 2-, 4-, and 6-year cardiovascular mortalitys (CVMs) in HCC patients, with AUC values of 0.702, 0.725, and 0.740 in the training set and 0.697, 0.710, and 0.744 in the validation set. The AUC values were generally greater than 0.7, which indicated that the discrimination of the nomogram model was good. The calibration was evaluated by plotting the calibration curves of the training and development sets. If the predicted probability is close to the actual probability, the fitted line after the predicted probability that corresponds to the actual probability will be close to the reference line or overlap with the reference line. As shown in Figure 4, the predicted probabilities of CVMs at 2, 4, and 6 years were highly consistent with the actual probabilities, suggesting that the calibration of this nomogram model was good. Finally, in order to determine whether the nomogram prediction model was clinically useful, the net benefit of the model was evaluated using the DCA. As shown in Figure 5, in all plots, the nomogram showed a high net benefit.

DISCUSSION
Currently, CVD and cancer are the primary causes of premature death in 127 countries[25]. Research has shown that the risk of CVD among cancer survivors is associated with common lifestyles or the toxicity of cancer treatment[26]. For cancer patients, increasingly refined treatment options have greatly extended their survival. Therefore, cardiovascular care for cancer survivors should be emphasized to meet their clinical needs and improve their quality of life. This study is based on the SEER database and used the data of HCC patients with a diagnosis period from 2010 to 2015, which has a high clinical application value.
The factors associated with the CVD outcomes in HCC patients included age, marital status, pretreatment AFP level, tumor size, surgical status, and chemotherapy status. Consistent with the majority of most studies, we observed that the risk of CVD death in HCC patients increased with age[6,27,28]. The American College of Cardiology revealed that advancing age can seriously affect its estimated 10-year CVD event risk[28]. This may be associated with poorer physical fitness and longer acting time of lifestyle risk factors in elderly patients[29]. Moreover, the present study revealed that unmarried people have a significantly increased risk of CVD death compared with married people, which is consistent with previous research results[30-32]. It was revealed that marriage can have a beneficial effect on health by providing social support[33-35]. The higher risk for unmarried individuals compared with married individuals may be due to a combination of lifestyle, body hormones, and stress. Numerous studies have also revealed that unmarried individuals have higher levels of loneliness, lower life satisfaction, and higher mortality from physical illness[36]. Moreover, it is currently well documented that all different unmarried states are associated with an elevated risk of mortality[37]. The findings of the present study revealed that the HCC patients with pretreatment AFP levels above normal had a reduced risk of CVD death. This may be due to the combined effects of interventions taken earlier when AFP positivity is present and the participants’ spontaneous health behavior changes that are effective in protecting their cardiovascular health, which in turn reaches the death-lowering effect of CVD. Studies assessing the link between AFP and CVD are limited, but an inverse association between AFP and CVD prevalence was proven in the study by Bracun et al[38], which is consistent with the results of the present study. Therefore, when the AFP levels are at normal levels in HCC patients, the importance of cardiovascular system care should be increased to avoid the occurrence of CVD death in HCC patients as much as possible. When categorizing tumor size, the risk of CVD death in HCC patients increases as tumor size increases. Recent studies have shown an inverse association between tumor size and CVD death[39,40]. The findings of this analysis suggest that HCC patients undergoing surgery have a significantly lower risk of CVD death. This finding is in agreement with those of previous studies[5,17,41]. It is worth noting that chemotherapy usually increases the risk of CVD because of the cardiotoxicity associated with this treatment modality[42]. Transcatheter arterial chemoembolization (TACE) is the most common first-line treatment, while doxorubicin (DOX) is the most frequently used chemotherapy drug[43]. Moreover, the clinical efficacy of DOX is often limited by its cardiotoxicity, nephrotoxicity and hepatotoxicity[44]. Although TACE can improve the safety of the drug and minimize the incidence of adverse events, it can only reduce the toxicity of the drug, but not completely eliminate it. However, the results showed a lower risk of CVD death in HCC patients treated with chemotherapy, which is inconsistent with the cardiotoxic effects of chemotherapy. The reason for this result needs to be further investigated because of the lack of chemotherapy drug-related information in the SEER database. Several studies have suggested that this situation may result from the shorter survival time of this group of people who receive chemotherapy because of CVD death[5]. In the supplemental analysis, we discussed the proportion of patients who received both chemotherapy and radiotherapy (Supplementary Table 1). We found that the higher the grade, the higher the proportion of patients receiving both radiotherapy and chemotherapy. Therefore, it should be considered that patients at higher grades who receive potentially cardiotoxic treatment are also more likely to die earlier due to their underlying HCC disease before they might develop a heart-specific disease in the long term[45]. Another reason could be that differences in baseline conditions between the patients who receive chemotherapy and those who do not were observed, such as younger age at diagnosis, higher grading, and no CVD[45]. Although the drugs that block the vascular endothelial growth factor signaling pathway have been shown to expand the treatment options for HCC, the use of such drugs also contributes to the increased risk of CVD death in HCC patients[46]. However, the limitations of the data prohibit further discussion.
Most previous studies on the relationship between cancer and CVD death have used traditional survival analysis methods, such as Cox proportional-hazards regression models. The model does not well distinguish between the effects of competing events and often overestimates the risk of outcome events. In this study, we used the Fine-Gray model to exploit the independent hazard factors for CVD death in HCC patients and to construct a related predictive model. Based on the literature, the present study is the first to investigate the relationship between HCC and CVD death. The prediction model has high C-index and AUC values and high discrimination, and all variables are easily accessible, which provides convenience for clinical management. Based on the calibration curve, the model simultaneously has a high calibration level. Meanwhile, the DCA showed that the model can bring higher net benefits. The high degree of discrimination, calibration, and net benefit provided a solid foundation for the application of this prediction model.
The strengths of this study are as follows: (1) Adequate sample size; (2) less missing information, and (3) its emphasis on the association between HCC and CVD. However, this study has several limitations. First, this study has a retrospective design, which will inevitably produce bias. Second, the database does not include baseline information (e.g., body mass index, diabetes, and hypertension) or other factors associated with CVD. Third, the absence of information on chemotherapy regimens and therapeutic drugs in the SEER database prevented further investigation of the relationship between chemotherapy and CVD death. Finally, more external data are needed to validate the predictive power of the model.

CONCLUSION
Overall, this is the first study to investigate the independent risk factors for CVD death in HCC patients using data from the SEER database and construct a relevant prediction model. With high discrimination, calibration, and net benefit, the model effectively assessed CVMs in HCC patients and was able to serve as an important reference tool for relevant clinical management decisions in HCC patients. However, based on the lack of external data validation, the model remains to be further verified by further research.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most common tumors today. It is known that patients with HCC will have a higher risk of cardiovascular disease (CVD) death compared to non-HCC patients.

Research motivation
CVD is recognized as one of the most common complications of cancer treatment. As medical technology continues to mature, studies have found that the 5-year survival rate for HCC patients can be increased to 70% with early diagnosis and some potential treatments. Just because there are some unique treatment modalities (e.g. Transcatheter arterial chemoembolization) for HCC patients that have some limitations on the potential cardiotoxicity of drugs, it does not mean that we can ignore the potential cardiovascular burden of HCC patients.

Research objectives
The aim of this study was to identify the independent risk factors for CVD death in HCC patients, and to further provide a reference tool for the relevant clinical management decisions of HCC patients by constructing a prediction model for CVD death in HCC patients.

Research methods
In this study, data related to adult HCC patients with diagnosis years 2010-2015 in the Surveillance, Epidemiology, and End Results database were collected. In order to better eliminate the influence of competing events on the study, we utilized the Fine-Gray model to carry out the analysis and constructed a predictive model.

Research results
The study included 21545 patients with HCC, of whom 619 died of CVD. Age, marital status, alpha fetoprotein, tumor size, surgery, and chemotherapy were independent risk factors for CVD death in HCC patients. The discrimination as well as the calibration of the nomograph was better. Decision curve analysis demonstrated that the prediction model has a high net benefit.

Research conclusions
This study focuses on the cardiovascular risk of HCC patients for the first time. Meanwhile, the independent risk factors for CVD deaths in HCC patients were explored for the first time based on the Fine-Gray model, and a prediction model was constructed, which will serve as a reminder for future clinical work.

Research perspectives
Focusing on the burden of CVD in HCC patients and further exploring the impact of different drugs and routes of administration on CVD death in HCC patients.
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Figure Legends
[image: ]
Figure 1 Multivariable analysis of cardiovascular disease in hepatocellular carcinoma patients. HR: Hazard ratio CI: Confidential interval; DSW: Divorced, separated, and widowed; AFP: Alpha fetoprotein.
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Figure 2 Fine-Gray model for predicting the 2-year, 4-year, and 6-year probabilities of cardiovascular disease death among hepatocellular carcinoma patients. CVD: Cardiovascular disease; DSW: Divorced, separated, and widowed; AFP: Alpha fetoprotein.
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Figure 3 Receiver operating characteristiccurves analysis for nomogram discrimination evaluation of cardiovascular disease death prediction model in hepatocellular carcinoma patients. A: 2-year receiver operating characteristic (ROC) in training set; B: 4-year ROC in training set; C: 6-year ROC in training set; D: 2-year ROC in validation set; E: 4-year ROC in validation set; F: 6-year ROC in validation set.
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Figure 4 Calibration curve for nomogram calibration evaluation of cardiovascular disease death prediction model in hepatocellular carcinoma patients. A: 2-year cardiovascular mortality (CVM) in training set; B: 4-year CVM in training set; C: 6-year CVM in training set; D: 2-year CVM in validation set; E: 4-year CVM in validation set; F: 6-year CVM in validation set. 
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Figure 5 Decision curve analysis curves for nomogram calibration evaluation of cardiovascular disease death prediction model in hepatocellular carcinoma patients.  A: 2-year decision curve analysis (DCA) curves in training set; B: 4-year DCA curves in training set; C: 6-year DCA curves in training set; D: 2-year DCA curves in validation set; E: 4-year DCA curves in validation set; F: 6-year DCA curves in validation set; DCA: Decision curve analysis.

Table 1 Demographic as well as clinicopathological characteristics of hepatocellular carcinoma patients
	Characteristics
	Labels
	Participants, n (%)
	Alive, n (%)
	CVD deaths, n (%)

	Age
	< 60
	7667 (35.59)
	2142 (39.64)
	143 (23.10)

	
	≥ 60
	13878 (64.41)
	3262 (60.36)
	476 (76.90)

	Sex
	Male
	16508 (76.62)
	3955 (73.19)
	487 (78.68)

	
	Female
	5037 (23.38)
	1449 (26.81)
	132 (21.32)

	Race
	White
	14789 (68.64)
	3558 (65.84)
	441 (71.24)

	
	Black
	2949 (13.69)
	611 (11.31)
	96 (15.51)

	
	Other
	3807 (17.67)
	1235 (22.85)
	82 (13.25)

	Marital status
	Married
	11408 (52. 95)
	3315 (61.34)
	292 (47.17)

	
	Unmarried
	4778 (22.18)
	1023 (18.93)
	147 (23.75)

	
	DSW
	5359 (24.87)
	1066 (19.73)
	180 (29.08)

	Year of diagnosis
	2010-2011
	6234 (28.93)
	1158 (21.43)
	197 (31.83)

	
	2012-2013
	7189 (33.37)
	1583 (29.29)
	203 (32.79)

	
	2014-2015
	8122 (37.70)
	2663 (49.28)
	219 (35.38)

	AFP
	Normal
	6324 (29.35)
	2239 (41.43)
	239 (38.61)

	
	Elevated
	15221 (70.65)
	3165 (58.57)
	380 (61.39)

	Grade
	GradeⅠ
	9423 (43.74)
	3384 (62.62)
	340 (54.93)

	
	GradeⅡ
	5199 (24.13)
	1532 (28.35)
	139 (22.46)

	
	GradeⅢ
	4153 (19.28)
	362 (6.70)
	101 (16.32)

	
	GradeⅣ
	2770 (12.85)
	126 (2.33)
	39 (6.29)

	Tumor size
	≤ 2 cm
	3227 (14.98)
	1420 (26.28)
	88 (14.22)

	
	2-5 cm
	10029 (46.55)
	3038 (56.22)
	290 (46.85)

	
	> 5 cm
	8289 (38.47)
	946 (17.50)
	241 (38.93)

	T stage
	T1
	10049 (46.64)
	3429 (63.45)
	353 (57.03)

	
	T2
	5668 (26.31)
	1561 (28.89)
	144 (23.26)

	
	T3
	5191 (24.09)
	373 (6.90)
	106 (17.12)

	
	T4
	637 (2.96)
	41 (0.76)
	16 (2.59)

	N stage
	N0
	20139 (93.47)
	5330 (98.63)
	599 (96.77)

	
	N1
	1406 (6.53)
	74 (1.37)
	20 (3.23)

	M stage
	M0
	19595 (90.95)
	5339 (98.80)
	593 (95.80)

	
	M1
	1950 (9.05)
	65 (1.20)
	26 (4.20)

	Surgery
	No
	15113 (70.15)
	2177 (40.28)
	460 (74.31)

	
	Yes
	6432 (29.85)
	3227 (59.72)
	159 (25.69)

	Radiotherapy
	None/Unknown
	19400 (90.04)
	5031 (93.10)
	567 (91.60)

	
	Yes
	2145 (9.96)
	373 (6.90)
	52 (8.40)

	Chemotherapy
	None/Unknown
	10566 (49.04)
	2837 (52.50)
	338 (54.60)

	
	Yes
	10979 (50.96)
	2567 (47.50)
	281 (45.40)


CVD: Cardiovascular disease; DSW: Divorced, separated, and widowed; AFP: Alpha fetoprotein.
Table 2 Comparison of basic characteristics between patients in training and validation sets
	Characteristics
	Labels
	Training set (N1 = 15081)
	Validation set
 (N2 = 6464)
	P value

	Age
	
	
	
	0.835

	
	< 60
	5360 (35.54)
	2307 (35.69)
	

	
	≥ 60
	9721 (64.46)
	4157 (64.31)
	

	Sex
	
	
	
	0.994

	
	Male
	11555 (76.62)
	4953 (76.62)
	

	
	Female
	3526 (23.38)
	1511 (23.38)
	

	Race
	
	
	
	0.598

	
	White
	10340 (68.56)
	4449 (68.83)
	

	
	Black
	2087 (13.84)
	862 (13.34)
	

	
	Other
	2654 (17.60)
	1153 (17.83)
	

	Marital status
	
	
	
	0.552

	
	Married
	7953 (52.74)
	3455 (53.45)
	

	
	Unmarried
	3348 (22.20)
	1430 (22.12)
	

	
	DSW
	3780 (25.06)
	1579 (24.43)
	

	Year of diagnosis
	
	
	
	0.381

	
	2010-2011
	4395 (29.14)
	1839 (28.45)
	

	
	2012-2013
	4991 (33.09)
	2198 (34.00)
	

	
	2014-2015
	5695 (37.77)
	2427 (37.55)
	

	AFP
	
	
	
	0.231

	
	Normal
	4390 (29.11)
	1934 (29.92)
	

	
	Elevated
	10691 (70.89)
	4530 (70.08)
	

	Grade
	
	
	
	0.160

	
	GradeⅠ
	6574 (43.59)
	2849 (44.07)
	

	
	GradeⅡ
	3692 (24.48)
	1507 (23.31)
	

	
	GradeⅢ
	2864 (18.99)
	1289 (19.94)
	

	
	GradeⅣ
	1951 (12.94)
	819 (12.68)
	

	Tumor size
	
	
	
	0.201

	
	≤ 2 cm
	2301 (15.26)
	926 (14.33)
	

	
	2-5 cm
	6986 (46.32)
	3043 (47.08)
	

	
	> 5 cm
	5794 (38.42)
	2495 (38.59)
	

	T stage
	
	
	
	0.193

	
	T1
	7025 (46.58)
	3024 (46.78)
	

	
	T2
	4018 (26.64)
	1650 (25.53)
	

	
	T3
	3585 (23.77)
	1606 (24.85)
	

	
	T4
	453 (3.01)
	184 (2.84)
	

	N stage
	
	
	
	0.554

	
	N0
	14087 (93.41)
	6052 (93.63)
	

	
	N1
	994 (6.59)
	412 (6.37)
	

	M stage
	
	
	
	0.680

	
	M0
	13724 (91.00)
	5871 (90.83)
	

	
	M1
	1357 (9.00)
	593 (9.17)
	

	Surgery
	
	
	
	0.877

	
	No
	10574 (70.11)
	4539 (70.22)
	

	
	Yes
	4507 (29.89)
	1925 (29.78)
	

	Radiotherapy
	
	
	
	0.675

	
	None/unknown
	13588 (90.10)
	5812 (89.91)
	

	
	Yes
	1493 (9.90)
	652 (10.09)
	

	Chemotherapy
	
	
	
	0.180

	
	None/unknown
	7441 (49.34)
	3125 (48.34)
	

	
	Yes
	7640 (50.66)
	3339 (51.66)
	


DSW: Divorced, separated, and widowed; AFP: Alpha fetoprotein.
Table 3 Univariate analysis of cardiovascular disease in hepatocellular carcinoma patients in training test
	Characteristics
	Labels
	HR (95%CI)
	P value

	Age
	< 60
	Ref.
	

	
	≥ 60
	2.054 (1.637-2.576)
	< 0.001

	Sex
	Male
	Ref.
	

	
	Female
	0.872 (0.694-1.095)
	0.237

	Race
	White
	Ref.
	

	
	Black
	1.089 (0.830-1.428)
	0.539

	
	Other
	0.653 (0.493-0.864)
	0.003

	Marital status
	Married
	Ref.
	

	
	Unmarried
	1.322 (1.042-1.678)
	0.022

	
	DSW
	1.377 (1.099-1.726)
	0.006

	Year of diagnosis
	2010-2011
	Ref.
	

	
	2012-2013
	0.970 (0.764-1.231)
	0.802

	
	2014-2015
	1.076 (0.846-1.370)
	0.549

	AFP
	Normal
	Ref.
	

	
	Elevated
	0.786 (0.647-0.954)
	0.015

	Grade
	GradeⅠ
	Ref.
	

	
	GradeⅡ
	0.775 (0.611-0.982)
	0.035

	
	GradeⅢ
	1.263 (0.961-1.659)
	0.094

	
	GradeⅣ
	0.860 (0.563-1.314)
	0.486

	Tumor size
	≤ 2 cm
	Ref.
	

	
	2-5 cm
	1.361 (1.018-1.821)
	0.038

	
	> 5 cm
	2.254 (1.667-3.048)
	< 0.001

	T stage
	T1
	Ref.
	

	
	T2
	0.761 (0.602-0.960)
	0.022

	
	T3
	1.110 (0.844-1.460)
	0.454

	
	T4
	1.806 (1.033-3.159)
	0.038

	N stage
	N0
	Ref.
	

	
	N1
	0.732 (0.400-1.339)
	0.311

	M stage
	M0
	Ref.
	

	
	M1
	1.039 (0.650-1.662)
	0.872

	Surgery
	No
	Ref.
	

	
	Yes
	0.447 (0.359-0.557)
	< 0.001

	Radiotherapy
	None/unknown
	Ref.
	

	
	Yes
	1.203 (0.877-1.650)
	0.253

	Chemotherapy
	None/unknown
	Ref.
	

	
	Yes
	0.770 (0.637-0.931)
	0.007


HR: Hazard ratio; CI: Confidence interval; CVD: Cardiovascular disease; DSW: Divorced, separated, and widowed; AFP: Alpha fetoprotein.








[image: C:\Users\18810513029\Desktop\logo.png]

Published by Baishideng Publishing Group Inc
7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
Telephone: +1-925-3991568
E-mail: office@baishideng.com
Help Desk: https://www.f6publishing.com/helpdesk
https://www.wjgnet.com



[image: C:\Users\18810513029\Desktop\二维码.png]










© 2024 Baishideng Publishing Group Inc. All rights reserved.

image4.png
sl E
H
ir
5]
_mw
.
a

‘DOL 104251 /3vjgo ¥010.0000 Copyright © The Author(s) 2024




image5.png
Net Benefit

Net Benefit

oozo] A — Nomogram oot B — Nomogam  005] C — Nomogram
N o e
. T -
aoe
oot o
- 00
o010 Lo
E E
oo o0
oo
a0 0w
o Do oo g3 o D3 B3 Bo O N
Risk Threshold sk Tresnod Risk Thveshold
oo — oo 004 E — Nomogem 005 -
D - - F R
g T =l
oors ocs
. gon
- H
& H
H o0z
E 2
oocs oor
oo
oo oce -
D - I o 03 o7 oo D G O
Risk Threshold Risk Threshoid Risk Throshoid

'DOL 104251 /jgo.¥0.0.0000 Copyright © The Author(s) 2024




image6.png
9

JSaishideng®




image7.png




image1.png
Characteristics
Age

Marital status

AFP

Tumor size

Surgery

Chemotherapy

Labels
<60

260
Married
Unmarried
DswW
Normal
Elevated
s2cm

(2, 5cm
>5cm

No

Yes
None/Unknown
Yes

HR (95%Cl)

Ref.

1.981 (1.573-2.496)
Ref.

1.370 (1.076-1.745)
1.240 (0.988-1.556)
Ref.

0.778 (0.640-0.946)
Ref.

1.420 (1.060-1.903)
2.090 (1.543-2.830)
Ref.

0.376 (0.297-0.476)
Ref.

0.578 (0.472-0.709)

P Value

—=—  <0.001

—— 0.011
. 0.063
- 0.012
= 0.019

-
-
[

0 1

| —+—— <0.001
7

<0.001

<0.001
I 1
2 3

‘DOL 104251 /3vjgo ¥010.000 Copyright © The Author(s) 2024




image2.png
Points

Age

Marital status

AFP

Tumor size

Surgery

Chemotherapy

Total points

2-Year CVD deaths risk
4-Year CVD deaths risk

6-Year CVD deaths risk

0 10 0 30 0 s0 0 k0 80 0 100
L L n L L | L L L L }
260
. ),
<60 DSW
_—
Married Normal Unmarried
—_—
Elevated @ 5lem
<2em >Sem, No
; h
Yes None/Unknown
) s
Yes
0 50 100 150 200 250 300 350 400
—
[ 02
0 02 03
——
0 02 03 04

'DOI: 10,4251 /jgo.v0i0.0000 Copyright © The Author(s) 2024




image3.png




