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Abstract

BACKGROUND

Cirrhosis is a significant risk factor for the development of hepatocellular
carcinoma (HCC). Variability in HCC risk among patients with cirrhosis is
notable, particularly when considering the diverse etiologies of cirrhosis.

AIM

To identify specific risk factors contributing to HCC development in patients with
cirrhosis.

METHODS

This retrospective study analyzed data from cirrhotic patients at Beijing Youan
Hospital from January 1, 2012 to September 30, 2022 with at least 6 mo of follow-
up. Patient demographics, medical histories, etiologies, and clinical characteristics
were examined. Cox regression analysis was used to analyze correlations of the
above parameters with hepatocarcinogenesis, while competing risk regression
was used to estimate their adjusted hazard ratios accounting for death. The
cumulative incidence was plotted over time.

RESULTS

Overall, 5417 patients with cirrhosis (median age: 54 years; 65.8% males) were
analyzed. Hepatitis B virus (HBV) was the most common etiology (23.3%), with
25% (n = 1352) developing HCC over a 2.9-year follow-up period. Patients with
multiple etiologies had the HCC highest incidence (30.3%), followed by those
with HBV-related cirrhosis (29.5%). Significant risk factors included male sex,
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advanced age, hepatitis C virus (HCV) infection, elevated blood ammonia, and low platelet count. Men had a
higher 5-year HCC risk than women (37.0% vs 31.5%). HBV, HCV, and HBV/HCV co-infected patients had 5-year
risks of HCC of 45.8%, 42.9%, and 48.1%, respectively, compared to 29.5% in nonviral hepatitis cases, highlighting
the significant HCC risk from viral hepatitis, especially HBV, and underscores the importance of monitoring these
high-risk groups.

CONCLUSION
In conclusion, HBV-related cirrhosis strongly correlates with HCC, with male sex, older age, viral hepatitis,
elevated blood ammonia, and lower albumin and platelet levels increasing the risk of HCC.

Key Words: Cirrhosis; Hepatocellular carcinoma; Risk factors; Hepatitis B virus; Competing risk analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our retrospective analysis spanned a decade (January 1, 2012 to September 30, 2022) and included 5417 patients
from Beijing Youan Hospital, Capital Medical University. Using Cox regression and competing risk regression models, we
identified several key factors that significantly contributed to the risk of hepatocellular carcinoma in patients with cirrhosis.
Specifically, this study underscores the increased association of hepatitis B cirrhosis with hepatocellular carcinoma incidence
and highlights other significant risk factors, including male sex, advanced age, viral hepatitis-related cirrhosis, elevated
blood ammonia, and lower albumin and platelet levels.
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INTRODUCTION

Cirrhosis is a major cause of morbidity and mortality in patients with chronic liver disease[1]. In 2019, 2.4% of the global
deaths were related to cirrhosis. It is among the top 20 causes of death worldwide[2]. Abnormalities in liver function of
patients with cirrhosis include varices, gastrointestinal bleeding, ascites, and hepatic encephalopathy. Hepatocellular
carcinoma (HCC) is a serious complication. The prognosis of HCC is usually poor[3]. According to global burden
statistics, there were approximately 534000 liver cancer cases and 485000 deaths in 2019[4]. With over 290000 people
diagnosed with liver cancer and approximately 188000 deaths from liver cancer in 2019[5], China has the highest burden
of liver cancer worldwide.

Major causes of cirrhosis include chronic viral hepatitis, such as hepatitis B virus (HBV) and hepatitis C virus (HCV),
chronic alcohol abuse, metabolic disorders, and autoimmune liver diseases. Specifically, HBV infection is the leading
cause of liver cancer-related mortality and the third leading cause of cirrhosis[6]. While antiviral therapies for chronic
hepatitis B have shown efficacy in reducing the risk of cirrhosis, decompensation, and HCC, their ability to significantly
affect HBV-related mortality trends remains limited[7]. As of 2019, only 10.3% of chronic HBV infections have been
diagnosed, of which only 22.7% are eligible for antiviral treatment[8]. Despite a notable decline in HBV and HCV
incidences, China continues to bear the highest global disease burden for HBV (74 million) and HCV (9.48 million)
infections, attributed to its vast patient population[9]. Concurrently, the rise in alcohol-associated cirrhosis (AC) and
metabolic dysfunction-associated liver disease (MASLD) parallels lifestyle shifts and economic progression, increasing
the annual prevalence of advanced liver diseases and the overall disease burden[10].

Cirrhosis is a major risk factor for HCC, with autopsy studies showing cirrhosis in 80%-90% of cases worldwide. In
areas with high HBV prevalence, cirrhotic individuals have triple the risk of developing HCC compared to non-cirrhotic
individuals and 16 times that of inactive HBV carriers[11]. Beyond progression to HCC, patients with cirrhosis also face
an increased risk of liver complications and mortality, particularly as the disease progresses from the compensated to the
decompensated stages[12]. The survival rates at 1 and 5 years for patients with compensated cirrhosis were 87% and 67 %,
in contrast to 75% and 45%, respectively, for patients with decompensated cirrhosis. Compared to the general population,
mortality increases five-fold in patients with compensated cirrhosis and ten-fold in decompensated cirrhosis[13]. Notably,
chronic comorbidities such as chronic kidney and cardiovascular diseases are often associated with death due to
compensatory cirrhosis[14].

To gain a deeper understanding of the prognosis of cirrhosis with different etiologies and liver function states, this
retrospective observational study retrieved data from patients with cirrhosis hospitalized at Beijing Youan Hospital over
the past 10 years. This study aimed to better understand and guide the clinical management of cirrhosis, as well as to
improve the prognosis and personalized treatment planning for patients with cirrhosis.
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MATERIALS AND METHODS

Research population

Patients with cirrhosis who were admitted to our hospital from January 1, 2012 to September 30, 2022 were identified
from our inpatient system based on the diagnosis code K74 (cirrhosis). The main inclusion criteria were: (1) Diagnosis of
cirrhosis based on histology (liver biopsy), imaging (evidence of esophagogastric fundal varices, portal hypertension,
splenomegaly, and ascites), or noninvasive examination (FibroScan); (2) Two or more hospitalizations; (3) No diagnosis of
HCC at the initial hospitalization and within 6 mo of initial admission; and (4) A minimum of 6 mo of follow-up. Patients
with other combined malignancies or those who underwent liver transplantation were excluded.

The time of first admission was defined as the baseline, and clinical characteristics at baseline were collected, including
demographics (sex, age, and place of origin), comorbidities (diabetes mellitus, hypertension, and coronary artery disease),
liver disease-related complications (esophagogastric fundal varices, gastrointestinal bleeding, ascites, abdominal
infections, hepatic encephalopathy, and hepatorenal syndrome), etiology [HBV, HCV, AC, MASLD, primary biliary
cirrhosis (PBC), drug-induced cirrhosis, cryptogenic cirrhosis, and mixed cirrhosis], laboratory findings, and liver
function scores (model for end-stage liver disease score and Child-Pugh classification).

Endpoint events

The primary endpoint was HCC. Observational endpoint was the time to first document HCC. For patients who did not
develop HCC, the observational endpoint was death or time to the last follow-up. Death was a competing risk event for
hepatocarcinogenesis because patients with cirrhosis who died were no longer at risk of developing HCC.

Statistical analysis

Pearson y? test and Wilcoxon signed-rank test were used to evaluate correlations of categorical and continuous variables
with HCC occurrence for clinical characteristics and laboratory values, respectively. The results are expressed as
percentages and interquartile ranges. Only patients with cirrhosis for at least 6 mo from baseline to endpoint events were
included in the analysis of all HCC-associated risk factors.

Multiple imputations were used to adjust for missing values of all variables. Cox proportional hazards regression
analysis was performed on the imputed data set. Clinical and demographic variables that differed significantly between
the groups (P < 0.05) were included in the first statistical step of the model by univariate analysis using both forward and
backward stepwise Cox regressions. The same set of seven significant risk factors were selected: Age, sex, history of
HBV/HCYV infection, albumin level, globulin level, platelet count, and blood ammonia level.

The decompensation rate in patients with cirrhosis was 76.6%. Death was considered a competing risk event when
assessing the incidence of HCC in patients with decompensated cirrhosis to obtain a reliable risk estimate because the
potential risk of death is high[15]. Cox regression analyses were performed for selected multivariate risk factors from the
Cox analysis. We then calculated adjusted hazard ratios (aHRs). A fine and gray regression model was used to estimate
the cumulative incidence function (CIF) for HCC development in cirrhotic patients of different sexes, ages, and etiologies.

All statistical analyses in this study were performed using R version 4.2.0 and IBM Statistical Product and Service
Solutions 27.0.

RESULTS

Patient characteristics at first admission

Overall, 5417 patients were included (Figure 1). The median age was 54 years, 3567 (65.8%) patients were male, and 4149
(76.6%) had decompensated cirrhosis. Etiological distribution of cirrhosis is shown in Figure 2: 1261 cases (23.3%) of HBV;
354 cases (6.5%) of HCV; 1274 cases (23.5%) of AC; 51 cases (0.9%) of MASLD; 470 cases (8.7%) of PBC; 66 cases (1.2%) of
drug-induced cirrhosis; 1459 cases (26.9%) of cryptogenic cirrhosis; and 482 cases (8.9%) of mixed cirrhosis (two or more
etiologies).

HCC occurred in 1352 patients (25%) and 4065 patients did not develop HCC during the in-hospital follow-up period.
There were 262 deaths (4.84%) due to complications or other comorbidities among the patients who did not develop
HCC.

Based on the occurrence of HCC during follow-up, the observational cohort was divided into HCC and non-HCC
groups. The demographic characteristics of the cohort at baseline are presented in Table 1. Patients in the HCC group
were more likely to be male (71.7% vs 63.9%, P < 0.001). The median age of the patients was slightly higher (56 vs 54 years,
P <0.001). Decompensated cirrhosis was more common in patients with HCC than in those without (77.5% vs 73.9%), and
a greater proportion of patients with HCC had Child-Pugh grades A and B (32.6% vs 29.5% and 49.1% vs 48.0%,
respectively, P = 0.003). Gastrointestinal bleeding was more common in patients without HCC (24.1% vs 18.0%).

Risk assessment of HCC in patients with cirrhosis

There was a significant difference in the risk of HCC among patients with cirrhosis of different etiologies (P < 0.001).
Cirrhotic patients with two or more etiologies had the highest incidence of HCC among all patients with cirrhosis during
the entire follow-up period, at 30.3% (Figure 3A), and their mean time to the development of HCC was also the shortest at
5.3 years [95% confidence interval (CI): 4.9-5.7] (Figure 3B). In contrast, patients with HBV cirrhosis had the highest
incidence of HCC among single etiologies, at 29.5%, with a median time to HCC was 5.4 years (95%CI: 5.1-5.6 years).
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Table 1 Demographic and clinical characteristics

Parameter HCC cases (n = 1352) Non-HCC controls (n = 4065) Pvalue
Sex (Male), 1 (%) 969 (71.7) 2598 (63.9) <0.001
Age 56 (50, 62) 54 (46, 62) <0.001
Hypertension, n (%) 255 (18.9) 727 (17.9) 0.419
Diabetes, 1 (%) 321 (23.7) 860 (21.2) 0.046
Coronary disease, 1 (%) 35 (2.6) 154 (3.8) 0.037
Gastrointestinal bleeding, 1 (%) 243 (18.0) 978 (24.1) <0.001
Hepatic encephalopathy, 1 (%) 219 (16.2) 633 (15.6) 0.584
Decompensated cirrhosis, 1 (%) 999 (73.9) 3150 (77.5) 0.007
Child-Pugh grade A, 1 (%) 430 (32.6) 1162 (29.5) 0.003
Child-Pugh grade B, (%) 648 (49.1) 1893 (48.0)

Child-Push grade C, n (%) 241 (18.3) 890 (22.6)

HBV, 1 (%) 372 (27.5) 889 (21.9) <0.001
HCV, n (%) 93 (6.9) 261 (6.4)

AC, n (%) 261 (19.3) 1013 (24.9)

MASLD, n (%) 9(0.7) 42 (1.0)

PBC, 1 (%) 72 (5.3) 398 (9.8)

Drug-induced cirrhosis, n (%) 12 (0.9) 54 (1.3)

Cryptogenic cirrhosis, 1 (%) 387 (28.6) 1072 (26.4)

Mixed cirrhosis, 1 (%) 146 (10.8) 336 (8.3)

ALT (U/L) 31.1(21.2,53.1) 27.0 (18.2, 47.5) <0.001
AST (U/L) 477 (31.7,77.4) 44 (29.1,79.9) <0.001
Albumin (g/L) 31.2(27.4, 34.6) 30.7 (26.8, 34.8) 0.106
Globin (g/L) 31.6 (26.5,37.1) 31.3 (25.7, 38.0) 0.268
INR 1.27 (112, 1.45) 1.32 (1.16,1.54) 0.002
Prothrombin time (S) 14.2 (12.6, 16.3) 14.8 (13.0,17.4) 0.017
Direct bilirubin (pmol/L) 11.0 (6.3,19.2) 12.7 (6.6, 33.6) 0.001
Triglycerides (mmol/L) 0.81 (0.62, 1.11) 0.89 (0.67, 1.26) <0.001
Platelets (x 10°/L) 78 (54, 109) 80 (54, 118) 0.096
y-GT (U/L) 50.1 (26.0, 119.8) 53.7 (25.4,143.8) 0.157
AFP (ng/mL) 4.64 (2.60, 10.35) 3.36 (2.02, 6.26) <0.001
CA19-9 (U/mL) 26.72 (13.76, 48.40) 25.00 (11.93, 52.82) 0.070
Neutrophils (x 10°/L) 2.30 (1.59, 3.44) 2.43 (1.59, 3.76) 0.024
Serum ammonia (pg/dL) 73 (51, 95) 67 (46, 95) <0.001
MELD 8 (4,12) 10 (5, 15) <0.001

HBV: Hepatitis B virus; HCV: Hepatitis C virus; AC: Alcohol-associated cirrhosis; MASLD: Metabolic dysfunction-associated liver disease; PBC: Primary
biliary cirrhosis; Mixed cirrhosis: Cirrhosis caused by two or more etiologies; MELD: Model for end-stage liver disease; ALT: Alanine aminotransferase;
AST: Aspartate transaminase; INR: International normalized ratio; y-GT: Gamma-glutamyltransferase; AFP: Alpha fetoprotein; CA: Carbohydrate antigen;

HCC: Hepatocellular carcinoma.
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Cirrhosis patients requiring
hospitalization
(n=33196)

v

With more than two
hospitalizations

(n=15378)
9961 patients excluded:
Already diagnosed with HCC on first admission
(n = 6802);
Combination of other malignant tumors (n =
P 1229);
Diagnosed with HCC within 6 months of initial
hospital admission (7 = 542);
Follow-up time less than 6 months (7 = 1386);
In the state of liver transplantation (n = 42)
\4

Participants confirmed eligible
(n=5417)

Figure 1 Flowchart of the cohort included in the analysis. HCC: Hepatocellular carcinoma.

8.9%

= HBV

= HCV

AC

MASLD

PBC
Drug-induced
Cryptogenic
Mixed

6.9%

6.5%

12% 23.5%
87% |

0.9%

Figure 2 Distribution of etiology. HBV: Hepatitis B virus; HCV: Hepatitis C virus; AC: Alcohol-associated cirrhosis; MASLD: Metabolic dysfunction-associated
liver disease; PBC: Primary biliary cirrhosis.

Among cirrhotic patients in this study cohort, higher Child-Pugh grades were associated with a lower risk of HCC and
shorter survival: The incidence of HCC was 21.3% in patients with Child-Pugh grade C (Figure 3C), and the mean
survival was 6.1 years (95%ClI: 5.8-6.5 years) (Figure 3D). Compared to compensated cirrhosis, decompensated cirrhosis
had a shorter mean time to HCC [6.4 years (95%Cl: 6.3-6.6 years) vs 6.8 years (95%Cl: 6.5-7.1 years)].

Risk factors associated with the development of HCC

To investigate the risk factors associated with the development of HCC, one-way Cox regression analysis of possible
influencing factors was performed, and the following 15 clinical characteristics and laboratory markers were associated
with HCC (P < 0.05): Age, sex, HBV/HCV history, compensation status, diabetes history, albumin, globulin, international
normalized ratio, prothrombin time, triglycerides, platelets, serum ammonia, and child classification. From these
candidate risk factors, the same set of seven significant risk factors (age, sex, HBV/HCV history, albumin, globulin,
platelet count, and serum ammonia) was selected using forward and backward stepwise Cox regression, as shown in
Table 2.

Considering death as a competing risk event for hepatocarcinogenesis, competing risk regression analysis was
performed on the risk factors examined in the Cox regression analysis, and the aHRs of these risk factors were estimated.
The results of this analysis are presented in Table 2. In the competing risk regression analysis, a higher risk of liver cancer
was associated with male sex (aHR = 1.482; 95%CI: 1.313-1.673), advanced age (aHR = 1.025; 95%CI: 1.020-1.030), HBV
infection (aHR = 1.950; 95%ClI: 1.734-2.193), HCV infection (aHR = 1.533; 95%CI: 1.274-1.846), and co-infection of HBV and
HCV (aHR = 2.074; 95%ClI: 1.038-4.143), and higher blood ammonia levels (aHR = 1.002; 95%CI: 1.001-1.003), globulin
levels (aHR = 1.012; 95%CI: 1.005-1.019), and lower platelet count (aHR = 0.998; 95%CI: 0.998-1.000) at baseline also
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Table 2 Hepatocarcinogenesis hazard ratio in Cox and competing risk regression analysis

Univariate Cox regression Multivariable Cox regression Multivariable competitive risk

Parameter analysis analysis regression analysis

aHR (95%Cl) P value aHR (95%Cl) Pvalue aHR (95%Cl) Pvalue
Age 1.023 (1.018-1.027) <0.001 1.029 (1.024-1.034) <0.001 1.025 (1.020-1.030) <0.001
Sex (male) 1.321 (1.174-1.487) <0.001 1.537 (1.359-1.738) <0.001 1.482 (1.313-1.673) <0.001
Diabetes 1.155 (1.019-1.309) 0.025
Hypertension 1.128 (0.984-1.292) 0.084
Coronary disease 0.951 (0.680-1.330) 0.769
HBV 1.801 (1.602-2.025) <0.001 1.963 (1.742-2.211) <0.001 1.950 (1.734-2.193) <0.001
HCV 1.837 (1.352-1.981) <0.001 1.567 (1.293-1.900) <0.001 1.533 (1.274-1.846) <0.001
HBV and HCV 2.062 (1.068-3.980) 0.031 2.456 (1.270-4.747) 0.008 2.074 (1.038-4.143) 0.039
Decompensation 1.146 (1.015-1.295) 0.028
ALT 1.000 (1.000-1.000) 0.974
AST 1.000 (1.000-1.000) 0.815
Albumin 0.976 (0.967-0.985) <0.001 0.986 (0.977-0.995) 0.002 0.995 (0.987-1.005) 0.381
Globulin 1.017 (1.010-1.023) <0.001 1.016 (1.009-1.023) <0.001 1.012 (1.005-1.019) <0.001
INR 1.271 (1.084-1.490)  0.003
Prothrombin time 1.016 (1.002-1.031) 0.024
Direct bilirubin 1.000 (0.999-1.001) 0.943
Triglycerides 0.854 (0.776-0.939) 0.001
Hemoglobin 1.004 (1.002-1.006) <0.001
y-GT 1.000 (0.999-1.000) 0.075
AFP 1.000 (1.000-1.001) 0.543
CA19-9 1.000 (0.999-1.001) 0.713
Platelets 0.999 (0.998-1.000) 0.017 0.999 (0.998-1.000) 0.015 0.998 (0.998-1.000) 0.011
Neutrophils 0.998 (0.976-1.020) 0.829
Serum ammonia 1.002 (1.001-1.003) 0.004 1.002 (1.001-1.003) 0.003 1.002 (1.001-1.003) <0.001
MELD 0.999 (0.990-1.008) 0.843

HBV: Hepatitis B virus; HCV: Hepatitis C virus; MELD: Model for end-stage liver disease; ALT: Alanine aminotransferase; AST: Aspartate transaminase;
INR: International normalized ratio; y-GT: Gamma-glutamyltransferase; AFP: Alpha fetoprotein; CA: Carbohydrate antigen; aHR: Adjusted hazard ratio;

CI: Confidence interval.

showed a significant association with liver cancer risk.

Based on the CIF curves from the competing risk regression analyses (Figure 4A), the risk of HCC in these hospitalized
cirrhotic patients was 19.2% (95%CI: 17.9%-20.5%) at 3 years, and 35.2% (95%Cl: 33.4%-37.0%) at 5 years. In these patients
with cirrhosis, the risk of total mortality was 1.49% (95%CI: 1.15%-1.83%) at 1 year, 4.83% (95%CI: 4.17%-5.50%) at 3 years,
and 6.66% (95%CI: 5.81%-7.51%) at 5 years. Men had a higher risk of HCC than women, with a 5-year risk of 37.0%
(95%ClI: 34.8%-39.3%) vs 31.5% (95%Cl: 28.4%-34.7%) (Figure 4B). The risk of HCC increased with age, and the 5-year risk
of HCC for decreasing age by 10 years (44) vs increasing age by 10 years (64), based on a median age of 54 years, was
23.6% (95%CI: 12.9%-34.3%) vs 42.4% (95%Cl: 29.2%-55.7%) (Figure 4C). The 5-year risk of HCC in cirrhotic patients with
HBV, HCV, and HBV/HCYV coinfection was 45.8% (95%Cl: 42.1%-49.4%), 42.9% (95%CI: 35.9%-49.9%), and 48.1% (95%CI:
20.2%-75.9%), respectively, whereas the 5-year risk of HCC in cirrhotic patients with nonviral hepatitis was only 29.5%
(95%CT: 27.3%-31.7%) (Figure 4D).
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Figure 3 Incidence of hepatocellular carcinoma in cirrhotic patients with different etiologies. A and C: Child-Pugh grades; B and D: Mean time to
occurrence. HBV: Hepatitis B virus; HCV: Hepatitis C virus; AC: Alcohol-associated cirrhosis; MASLD: Metabolic dysfunction-associated liver disease; PBC: Primary
biliary cirrhosis.

DISCUSSION

In this study, we found that patients with hepatitis B cirrhosis had the highest incidence of HCC and the shortest median
survival among all causative factors in this retrospective cohort study of hospitalized patients with cirrhosis. The risk of
HCC at 5 years was 45.8% (95%CI: 42.0%-49.4%). Among patients with cirrhosis, male sex, older age, and a history of
chronic HBV and HCV infections were risk factors for the development of HCC after adjusting for death as a competing
risk. Compared with non-viral cirrhosis, viral cirrhosis had a higher cumulative risk of developing HCC within 5 years:
45.3% (95%Cl: 42.0%-48.5%) vs 29.5% (95%Cl: 27.3%-31.7%).

The Western Pacific Region, including China, has the highest prevalence of HBV infection among patients with
cirrhosis (59%), according to the World Health Organization regional classification[16]. These statistics were based on the
leading causes of cirrhosis reported between 1993 and 2021. The burden of alcohol-related liver disease, cirrhosis, and
HCC is expected to increase with an increase in global alcohol consumption per capita[17]. In our study, 1261 cases
(23.3%) of HBV, 1274 cases (23.5%) of AC, and 1459 cases (26.9%) of cryptogenic cirrhosis were the three main etiologies.
The proportion of AC almost reached the level of HBV-associated cirrhosis, and even exceeded that of cirrhotic patients
with chronic hepatitis B. Screening for alcohol use disorders is urgent. In addition, the prevalence of MASLD by imaging
has been estimated to be 25.24% (95%Cl: 22.10%-28.65%) worldwide and 27.37% (95%Cl: 23.29%-31.88%) in Asia[10]. This
study found a significant number of patients with cryptogenic cirrhosis. We speculate that most patients with cryptogenic
cirrhosis would develop MASLD. The likely reason is that most hospitalized patients with cirrhosis have a long history of
cirrhosis and the initial steatosis has progressed to significant liver fibrosis, making the specific etiology difficult to trace.

Among patients with compensated viral cirrhosis, the cumulative risk of HCC varies according to etiology. The
cumulative incidences of HCC in hepatitis B surface antigen (HBsAg), HCV, and HBsAg/HCV positive patients were
10%, 21%, and 23%, respectively, at 5 years, and 16%, 28%, and 45%, respectively, at 10 years[18]. Without HBV and HCV
infection, patients with compensated alcoholic cirrhosis have a lower incidence of HCC, with cumulative 1 and 2-year
incidence rates of 1% and 5%, respectively[19,20], but a significantly higher risk of death[21]. A prospective study
reported that the estimated risk of developing HCC was lower than the observed incidence (2.4% at 1 year and 7.3% at 3
years) in the majority (77.6%) of patients with decompensated cirrhosis. However, only 11.6% of the patients have a 3-
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Figure 4 Cumulative incidence curves for overall hepatocellular carcinoma. A: Mortality; B: Sex; C: Age; D: Etiology. HBV: Hepatitis B virus; HCV:
Hepatitis C virus; HCC: Hepatocellular carcinoma.

year risk, ranging from 10% to 47%[22]. Our study yielded similar results, showing that HBV and HCV infections were
associated with a higher risk of HCC after considering death as a competing risk factor for hepatocarcinogenesis. Among
cirrhotic patients with HBV, HCV, and HBV/HCV coinfection, the 5-year risk of HCC was 45.8%, 42.9%, and 48.1%,
respectively, whereas the 5-year risk of HCC was only 29.5% in patients with cirrhosis who had never had hepatitis.

Male sex and advanced age are risk factors for developing HCC in patients with cirrhosis[5,23], and our study reported
similar results. Furthermore, predictors of HCC in patients with cirrhosis include baseline objective and conventional risk
indicators, including alpha-fetoprotein, albumin, alanine aminotransferase, and platelet levels[24]. In patients with AC,
baseline bilirubin and prothrombin levels were associated with the risk of HCC in a prospective analysis[19]. Our study
showed that in addition to sex, age, and hepatitis virus infection, baseline albumin and globulin levels, as well as platelet
and blood ammonia levels, were equally significant risk factors for HCC. The differences in the roles of these conven-
tional risk indicators in different studies may be related to the varying etiologic distributions and hepatic function
compensation statuses in the corresponding study populations.

Over 10 years of follow-up, large sample size, and detailed objective baseline biochemical data are the strengths of our
study. However, there are several limitations to this study: (1) There is no data on the effect of therapeutic interventions
in reducing HCC risk; and (2) Our data were collected retrospectively and may be subject to biases associated with
retrospective studies. Additionally, there may have been unmeasured confounders, such as family history of cirrhosis,
which were not included in the multivariate analysis.

In conclusion, our study showed that viral hepatitis cirrhosis increased the risk of HCC. Male sex and older age are
consistently associated with a higher risk of developing HCC in patients with cirrhosis. Furthermore, high blood
ammonia levels, and low albumin and platelet levels may predict a higher risk of HCC. These findings emphasize the
need to strengthen the management of objective biochemical parameters in patients with cirrhosis.

CONCLUSION

Of the 5417 patients included, 1352 developed HCC and 262 died. The risk of developing HCC was 19.2% (95%CI: 17.9%-
20.5%) at 3 years and 35.2% (95%Cl: 33.4%-37.0%) at 5 years. Male sex, older age, and viral hepatitis and cirrhosis were
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associated with a higher risk of HCC. Increased risk of HCC may also be associated with lower albumin and platelet
levels, higher globulin levels, and higher baseline blood ammonia levels.
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