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Purpose: The treatment outcomes and risk factors for the prognosis of acute variceal bleeding (AVB) in hepatocellular carcinoma
(HCC) patients remain unclear. Hence, we assessed the clinical outcomes and prognostic factors of these patients.

Methods: This study retrospectively enrolled 1532 AVB patients with cirrhosis from January 2016 to December 2022. Of these
patients, 310 had HCC, and after 1:1 individual matching, 306 of them were matched with 306 patients without HCC. Six-week
mortality, one-year mortality, and five-day treatment failure were recorded.

Results: In the matched-pair analysis, patients with HCC had a higher rate of 6-week and 1-year mortality than those without HCC
(6-week: 24.5% vs 7.8%, P < 0.001; 1-year: 45.9% vs 16.2%, P < 0.001). The rate of 5-day treatment failure was similar between the
two groups (21.1% vs 16.7%, P = 0.213). Among AVB patients with HCC, the multivariate analysis revealed that the Child-Pugh score
(HR, 1.239, 95% CI, 1.121-1.370; P < 0.001) and Barcelona Clinic Liver Cancer (BCLC) stage (C-D vs 0-B) (HR, 14.409; 95% CI,
5.758-36.055; P < 0.001) were independently associated with 6-week mortality. Moreover, the rate of 6-week mortality was 60.2% in
patients who had a high Child-Pugh score (>9) and advanced BCLC stage (C—D), much higher than in those with low Child-Pugh
score (<9) and earlier BCLC stage (0-B) (P < 0.001).

Conclusion: Among patients with cirrhosis and AVB, patients with HCC had significantly worse outcomes than those without. The
severity of liver disease and the stage of HCC are the main determinants of mortality in HCC patients.
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Introduction

Acute variceal bleeding (AVB) is the most life-threatening complication of cirrhosis, with high morbidity and
mortality."> Although the management of AVB has improved in the past decades, including restrictive volume restitution,
vasoactive agents, timely endoscopy, prophylactic antibiotics, and interventional treatments, the 6-week mortality is as
high as 20%.>*

Around 90% of hepatocellular carcinoma (HCC) cases develop in patients with cirrhosis.’ Variceal hemorrhage is one
of the leading causes of noncancer-related deaths in cirrhotic patients with HCC.>”” Several risk factors have been
identified to be associated with mortality of AVB, including a high model of end-stage liver disease (MELD) score or
Child-Pugh score, hypovolemic shock, active bleeding on endoscopy, and higher hepatic venous pressure gradient.® !

The presence of HCC has been consistently associated with poorer clinical outcomes in patients with cirrhosis,
including those experiencing AVB.''"* In addition to tumor burden, liver function impairment and portal hypertension,
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especially in patients with portal vein tumor thrombosis (PVTT), are the critical determinants for prognosis of this
subgroup of patients. However, the management of AVB in patients with HCC is not standardized and varies across
disciplines. Moreover, previous studies have been limited by relatively small sample sizes. Given the high mortality rate
in this patient population, more data are needed to elucidate their clinical characteristics and outcomes and provide robust
evidence to support clinical decision-making.

The aim of our study is to assess the outcomes of AVB in cirrhotic patients with HCC, compared to a matched cohort
of cirrhotic patients without HCC. Furthermore, we seek to investigate potential risk factors associated with 6-week
mortality in these patients, based on data from a single high-volume referral center.

Materials and Methods
Study Population

This retrospective analysis included data of consecutive AVB patients with cirrhosis treated at West China Hospital from
January 2016 to December 2022. Patients who met the following inclusion criteria were considered to be included: (1)
liver cirrhosis as diagnosed based on clinical symptoms, and imaging tests or liver biopsy; (2) endoscopy-proven AVB
between January 2016 and December 2022; (3) established diagnosis of HCC before or at the time of the bleeding
episode. Exclusion criteria were incompletion of at least six weeks of follow-up or insufficient documentation. The study
cohort was identified through the review of the hospital’s electronic medical records, selecting patients diagnosed with
liver cirrhosis and AVB in our hospital. A propensity-matched cohort of AVB patients without HCC was selected,
matched based on age, sex, etiology, bleeding history, hemoglobin levels, and Child-Pugh classification, to facilitate
a comparison of outcomes.

Management of Variceal Bleeding

Patients with hemodynamic instability were given packed red blood cell (PRBC) transfusions to a hemoglobin of 7~8 g/
dl. Vasoactive drugs (octreotide, terlipressin, or somatostatin) and endoscopy were given to all patients as soon as
possible. The performance of endoscopic treatment for AVB was recorded. Esophageal variceal band ligation (EVL) and
endoscopic gastric variceal obturation (EVO) were performed as the main treatments for esophageal or gastric variceal
bleeding, respectively. Balloon tamponade was used as a bridge to endoscopy or to transjugular intrahepatic portosys-
temic shunt (TIPS) when necessary.

Data Collection
Data regarding demographic, clinical, laboratory, endoscopic, blood transfusion, and treatments were collected from our
hospital’s electronic medical records. The baseline liver disease-specific scores such as Child—Pugh—Turcotte (CTP) and
model for end-stage liver disease (MELD) scores were calculated.

In patients with HCC, information regarding tumors and anti-HCC treatment was also recorded. The Barcelona Clinic
Liver Cancer (BCLC) classification was used to stage HCC.'* The day of onset of variceal bleeding was defined as day 0.
All patients were followed until death, liver transplantation, the date of last follow-up, or loss of follow-up.

Endpoints
The primary endpoint was 6-week mortality. The secondary endpoints were 5-day treatment failure and 1-year mortality.
Five-day treatment failure was defined either by the absence of control of bleeding or by rebleeding within the first five

days, according to Baveno VIL'?

Statistical Analysis

To minimize baseline differences and equalize background risks between the two study groups, we performed 1:1
propensity score matching (PSM) with a caliper width of 0.02. Key variables included in the matching process were age,
sex, etiology, history of variceal bleeding, hemoglobin levels, Child—Pugh classification, and presence of infection by
SPSS version 25.0. The means + standard deviation and medians (interquartile range; IQR) of parametric and
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nonparametric variables were calculated, respectively. Variables with categorical characteristics were defined using
proportions. The Student’s t, the Chi-square, and Mann—Whitney U-tests were used based on the characteristics of the
variables. As appropriate, Kaplan—Meier analysis was used to compare the probability of survival with the Log rank test.
The independent risk factors on survival were identified and the hazard ratio (HR) and 95% confidence interval (CI) were
also determined by univariate and multivariate Cox regression analyses. Variables that were required for calculating the
MELD score or Child-Pugh score were eliminated from the multivariate analysis due to the presence of collinearity. The
collinearity assessment between BCLC stage and Child-Pugh score was performed. The receiver operating characteristic
analysis was used to calculate the optimal cut-off value by maximizing the sum of the sensitivity and specificity. All data
were analyzed using SPSS 25.0 (PASW Inc., Chicago, IL, USA) and a 2-side p-value < 0.05 was considered to be
statistically significant.

Result

Baseline Characteristics

A detailed flowchart illustrating the patient selection process was presented in Figure S1. A total of 310 patients with
cirrhosis and HCC presenting with AVB were included in our study. The baseline characteristics of patients with and
without HCC are detailed in Table S1. After propensity score matching, 306 patients with HCC were matched with 306
patients without HCC. Table 1 summarizes the baseline characteristics of the patients in the matched cohort. The whole
population of matched cohort had a median age of 53 years (IQR, 47-63) and was predominantly male (n = 533, 87.1%).
Viral hepatitis (n = 478, 78.1%) was the leading cause of cirrhosis, followed by alcohol (n = 53, 8.7%). The median

Table | Baseline Characteristics in Matched Cohort

All (n=612) HCC (n=306) Non-HCC (n=306) | P value
Age (years) 53 (47-63) 54 (46-63) 53 (47-63) 0.335
Sex, male 533 (87.1) 266 (86.9) 267 (87.3) 0.904
Etiology 0.440
Viral 478 (78.1) 243 (79.4) 235 (76.8)
Alcohol 53 (87) 22 (7.2) 31.(lo.1)
Viral + Alcohol 37 (6.0) 21 (6.9) 16 (5.2)
Others 44 (7.2) 20 (6.5) 24 (7.8)
Previous VB 235 (384) 109 (35.6) 126 (41.2) 0.158
PVT 251 (41.0) 173 (56.5) 78 (25.5) <0.001
Child-Pugh score 8 (7-9) 8 (7-9) 8 (7-9) 1.000
Child-Pugh class 0.841
A 89 (14.5) 42 (13.7) 47 (15.4)
B 383 (62.6) 194 (63.4) 189 (61.8)
C 140 (22.9) 70 (22.9) 70 (22.9)
MELD score 12 (9-15) 12 (9-15) Il (9-15) 0.784
Infection 283 (46.2) 127 (41.5) 156 (51.0) 0.019
HE 86 (14.1) 37 (12.1) 49 (16.0) 0.163
(Continued)
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Table | (Continued).

All (n=612) HCC (n=306) Non-HCC (n=306) | P value
Ascites 0.150
None 127 (20.8) 58 (19.0) 69 (22.5)
Mild 189 (30.9) 88 (28.8) 101 (33.0)
Severe 296 (48.4) 160 (52.3) 136 (44.4)
Hematemesis at the initial presentation 437 (71.4) 223 (72.9) 214 (69.9) 0.421
Heart rate 91 (78-104) 94 (80-107) 88 (76-101) <0.001
Initial systolic blood pressure 112 (100-124) 112 (100-124) 112 (101-124) 0.582
Source of bleeding 0.805
EV 367 (60.0) 182 (59.5) 185 (60.5)
GV 245 (40.0) 124 (40.5) 121 (39.5)
BCLC 0/A/B/C/D (%) 21/65/67/106/47 (6.9/21.3/21.9/34.6/15.3)
Laboratory variables
Hemoglobin (g/L) 76 (64-93) 77 (65-92) 75 (64-95) 0.963
Platelet count (x10%/L) 71 (46-108) 89 (59-132) 59 (39-83) <0.001
WBC count (x10%/L) 5.57 (3.63-8.62) 6.14 (4.15-9.36) 5.01 (3.16-7.85) <0.001
Total bilirubin (umol/L) 23.6 (16.3-39.4) 23.5 (16.5-40.9) 23.7 (15.8-38.3) 0.736
Albumin (g/L) 30.3 (27.2-33.9) 30.4 (26.9-34.1) 30.2 (27.6-33.5) 0.679
INR 1.32 (1.20-1.50) 1.31 (1.20-1.50) 1.32 (1.20-1.50) 0.830
Cr (umol/L) 74 (61-88) 74 (60-90) 74 (62-88) 0.390

Note: Data are presented as median (interquartile range) or number (%).

Abbreviations: BCLC, Barcelona Clinic Liver Cancer; Cr, creatinine; EV, esophageal varices; GV, gastric varices; HCC, hepatocellular carcinoma; HE, hepatic
encephalopathy; INR, international normalized ratio; MELD, the model for end-stage liver disease; PVT, portal vein thrombosis; VB, variceal bleeding; WBC, white
blood cells.

Child-Pugh score was 8 points; most patients were Child-Pugh class B (n = 383, 62.6%). A total of 235 patients (38.4%)
had a previous history of AVB. The hemorrhage was from esophageal varices in 367 patients (60.0%) and from gastric
varices in 245 patients (40.0%), respectively. Patients with HCC had a higher proportion of portal vein thrombosis (PVT)
than those without (56.5% vs 25.5, P < 0.001). The median MELD score (P = 0.784) and Child-Pugh score (P = 1.000)
were similar between the two groups.

Among HCC patients in matched cohort, BCLC stages were as follows: 21 (6.9%) with BCLC 0, 65 (21.3%) with BCLC
A, 67 (21.9%) with BCLC B, 106 (34.6%) with BCLC C, 47 (15.3%) with BCLC D. The portal vein tumor thrombosis
(PVTT) was determined in 110 patients (35.9%) via enhanced computed tomography or magnetic resonance imaging.

Treatment Outcomes of AVB in the Matched Cohorts
No differences were observed regarding initial pharmacological and endoscopic treatment between the two groups
(Table 2). The proportion of patients receiving blood transfusion treatment (55.6% vs 56.5%, P = 0.807), balloon
tamponade (15.7% vs 11.4%, P = 0.125), and salvage TIPS (4.9% vs 5.9%, P = 0.591) were similar.

Five-day treatment failure was not significantly different between the two groups (21.1% vs 16.7%, P = 0.213).
A total of 99 patients (16.2%) died within 6 weeks. Gastrointestinal hemorrhage (n = 67, 67.7%) was the leading cause of
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Table 2 Treatments of Variceal Bleeding

All (n=612) | HCC (n=306) | Non-HCC (n=306) | P value
Antibiotic prophylaxis 426 (69.6) 203 (66.3) 223 (72.9) 0.079
Blood transfusion 343 (56.0) 170 (55.6) 173 (56.5) 0.807
PRBC transfusion (U) 4 (2-7) 4 (2-6) 4 (2-7) 0.314
Use of balloon tamponade (%) | 83 (13.6) 48 (15.7) 35 (11.4) 0.125
Endoscopic treatment (%) 520 (85.0) 257 (84.0) 263 (85.9) 0.497
Intubation 19 (3.1) 10 (3.3) 9 (2.9 0.8l6
Salvage TIPS 33 (54) 15 (4.9) 18 (5.9) 0.591
Hospital stay (days) 10 (7-14) Il (8-15) 9 (7-13) 0.742

Note: Data are presented as number (%) or median (interquartile range).

Abbreviations: HCC, hepatocellular carcinoma; PRBC, packed red blood cell; TIPS, transjugular intrahepatic porto-

systemic shunt.

death, followed by liver failure (n = 22, 22.2%). The 6-week and 1-year mortality were 24.5% and 45.9% in patients with
HCC and 7.8% and 16.2% in patients without HCC, respectively.

Impact of HCC on 6-Week Mortality in AVB Patients
Patients with HCC presenting with AVB had a significantly higher 6-week (Figure 1, Log rank test P < 0.001) and 1-year
(Figure S2, Log rank test P < 0.001) mortality than patients without. As presented in Table 3, the multivariate analysis
revealed the presence of HCC (HR, 3.296; 95% CI, 2.043-5.316, P < 0.001), PVT (HR, 1.561; 95% CI, 1.031-2.364; P =
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Figure | Cumulative survival rates at 6 weeks according to the presence of HCC. AVB patients with HCC had higher 6-week mortality than patients without.

Abbreviations: AVB, acute variceal bleeding; HCC, hepatocellular carcinoma.
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Table 3 Independent Risk Factors for 6-Week Mortality in Patients with AVB

Variable Univariate Multivariate

HR (95% CI) p-value | HR (95% CI) p-value
HCC 3.002 (1.933-4.660) | <0.001 2.591 (1.626—4.129) | <0.001
PVT 2.566 (1.727-3.812) | <0.001 1.967 (1.294-2.991) | 0.002
Child-Pugh score | 1.366 (1.260-1.480) | <0.001 1.406 (1.292-1.530) | <0.001
MELD score 1.077 (1.039-1.116) | <0.001
Infection 1.896 (1.282-2.803) | <0.001

Note: Variables included in MELD score were not included in the multivariate analysis to avoid
colinearity.

Abbreviations: AVB, acute variceal bleeding; HCC, hepatocellular carcinoma; PVT, portal vein throm-
bosis; MELD, the model for end-stage liver disease.

0.035), and Child-Pugh score (HR, 1.361; 95% CI, 1.249-1.483, P < 0.001) were identified as independent factors for
death at 6 weeks in AVB patients.

Risk Factors of Death at 6 weeks in AVB Patients with HCC

Variables associated with 6-week mortality in patients with HCC were identified via univariate Cox regression analysis
and are depicted in Table 4. PVT, Child-Pugh score, MELD score, infection, and BCLC stage were associated with
mortality at 6 weeks in univariate analysis. Even when considering the other variables in multivariate analysis, BCLC
stage (C-D vs 0-B) (HR, 14.409; 95% CI, 5.758-36.055; P < 0.001) and Child-Pugh score (HR, 1.239, 95% CI,
1.121-1.370; P < 0.001) were independently associated with death at 6 weeks in patients with HCC group.

As illustrated in Figure 2, the Child-Pugh score was a strong predictor for 6-week mortality, with a high area under
the receiver operating characteristic (AUROC = 0.748, P < 0.001). The cut-off value of the Child-Pugh score for 6-week
mortality was 9. The risk stratification of these patients was conducted based on the Child-Pugh score and BCLC
classification. In patients with a Child-Pugh score >9 and advanced HCC (BCLC C-D), the rate of 6-week mortality was
determined as high as 60.2%, significantly higher than in those who had a lower Child-Pugh score and earlier BCLC
stage (Figure 3, Log rank test P < 0.001).

Independent Factors of 5-Day Treatment Failure and Death at | Year in AVB Patients

with HCC
As presented in Table S2 and S3. Shock index (HR, 20.598; 95% CI, 6.092—-69.653; P < 0.001) and Child-Pugh score
(HR, 1.229; 95% CI, 1.055-1.433; P = 0.008) were significantly associated with the 5-day treatment failure in

Table 4 Independent Risk Factors for 6-Week Mortality in HCC Patients with AVB

Variable Univariate Multivariate

HR (95% CI) p-value | HR (95% CI) p-value
BCLC class (C-D vs 0-B) | 18.092 (7.297—44.855) | <0.001 14.409 (5.758-36.055) | <0.001
PVT 2.326 (1.394-3.881) 0.001
Child-Pugh score 1.389 (1.259-1.533) <0.001 1.239 (1.121-1.370) <0.001
MELD score 1.090 (1.040-1.142) <0.001
Infection 1.744 (1.108-2.746) 0.016

Note: Variables included in MELD score were not included in the multivariate analysis to avoid colinearity.
Abbreviations: AVB, acute variceal bleeding; BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma;
PVT, portal vein thrombosis; MELD, the model for end-stage liver disease.
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Figure 2 Receiver operating characteristic analyses demonstrated the strong predictive value of the Child-Pugh score for 6-week mortality.
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Figure 3 Cumulative survival rates at 6 weeks based on Child-Pugh score and BCLC stage. The risk of 6-week mortality was significantly higher among patients with a Child-
Pugh score 2 9 and BCLC stage C-D than among patients with a lower Child-Pugh score and earlier BCLC stage (Log rank test p < 0.001).

Abbreviation: BCLC, Barcelona Clinic Liver Cancer.
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multivariate analysis. Additionally, advanced BCLC stage (HR, 5.192; 95% CI, 3.293-8.184; P < 0.001) and higher
Child-Pugh score (HR, 1.219, 95% CI, 1.125-1.321; P < 0.001) remained independent risk factors of death at 1 year.

Discussion

In this matched study of AVB patients with cirrhosis, we compared the mortality between patients with HCC and those
without and explored the potential risk factors for death in AVB patients with HCC. We found that patients with HCC
had higher mortality at 6 weeks and 1 year than those without. Child-Pugh score and BCLC stage were identified as the
independent risk factors of death at 6 weeks in HCC patients, and significantly higher mortality was observed in those
who had a higher Child-Pugh score and advanced BCLC stage.

Previous research has focused on predicting the prognosis of HCC patients using clinical characteristics, tumor
staging systems, and molecular biomarker-based models.'®'® The majority of these studies primarily included patients
without cirrhosis or with compensated cirrhosis. However, portal hypertension and HCC can coexist in the same patient
and impact the prognosis, especially in patients with acute variceal bleeding. A few studies demonstrated that the
presence of HCC was strongly related to poor outcomes in patients with AVB.'"!'* However, the difference in the
severity of liver disease between patients with the HCC group and those with non-HCC might affect the prognosis in the
previous study."® Hence, to eliminate the potential influence, patients without HCC were matched based on propensity
score in our study. Mortality at 6 weeks was much higher in patients with HCC than in those without (24.5% vs 7.8%).

. . . 13.1
Similar to previous studies,'**""

the BCLC classification was an independent factor of death in our study. Patients with
advanced BCLC stage (C-D) had worse outcomes in comparison to patients with earlier BCLC stage (0-B), suggesting
the poor outcomes of patients with HCC were mainly influenced by the disease stage.

The majority of AVB patients died from gastrointestinal bleeding within 6 weeks. No difference in pharmacological
and endoscopic treatment in the AVB period between the two groups, while the number of deaths from gastrointestinal
bleeding in patients with HCC was almost twice as much as in those without, which might be explained partly by the
proportion of the TIPS administration in two groups.

Previous studies have shown that the use of secondary prophylaxis has survival benefits, and TIPS implantation
is superior to endoscopic + B-blocker therapy for preventing rebleeding and prolonging survival in patients with
HCC."2° In our study, the proportion of receiving secondary prophylaxis between the two groups did not differ
(83.7% vs 85.2%, P = 0.427), but only 26 patients in HCC group underwent TIPS for preventing variceal
rebleeding, in comparison to 71 patients in non-HCC group. HCC has traditionally been regarded as
a contraindication to TIPS, mainly due to concerns about the risk of causing metastasis and the potential short-
life expectancy, especially in patients with PVTT and in those in whom the shunt traversed the tumor.?' In fact,
only the condition that tumors in the liver parenchyma preclude TIPS creation was considered as the absolute
contraindications to TIPS.**> However, recent studies have shown TIPS was safe and effective for preventing
variceal rebleeding in HCC patients.>*** Whether HCC patients with variceal rebleeding can benefit from TIPS
remains to be studied in the future.

As the most utilized severity scoring system, the Child-Pugh score was significantly related to the mortality at
6 weeks in AVB patients.?” In our study, the Child-Pugh score remained a strong predictor for death at 6 weeks in AVB
patients with HCC. Accordingly, we stratify HCC patients into four groups based on the Child-Pugh score and BCLC
stage. We found that patients with higher Child-Pugh score (>9) and advanced BCLC stage (C-D) had an increased risk
of death at 6 weeks, reaching 60.2%. Of note, the majority (60/88) of these high-risk patients experienced the first
episode of variceal bleeding in our study. Considering the much higher mortality after the episode of AVB in these
patients, in addition to offering adequate treatment for HCC, the management of portal hypertension, including primary
prophylaxis for variceal bleeding, is a major issue.*®

There were a few limitations in the study. First, this was a single-center retrospective analysis with data collection and
analysis restricted to patients presenting with AVB. Second, worsening of liver function and the history of variceal
bleeding limit the systemic treatment for HCC. We cannot assess the effect of systemic treatment on outcomes in our
study. Third, due to a lack of information regarding primary prophylaxis, whether the administration of primary
prophylaxis improves outcomes in these patients needs to be illustrated in the future.
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Conclusion

Our study found patients with HCC had significantly worse outcomes than those without in this matched study.
The severity of liver disease and the stage of HCC are the main determinants of mortality in HCC patients.
Overall management strategy for patients with symptomatic portal hypertension and HCC needs further
optimization.
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