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Background

Hepatocellular carcinoma (HCC) is one of the most serious consequences of chronic hepatitis B virus (HBV) or hepatitis C virus (HCV) infection. This study sought to investigate long-term outcomes after liver resection for HCC among patients with HBV/HCV co-infection (HBV/HCV-HCC) compared with patients with HBV infection (HBV-HCC).



Methods

Patients who underwent curative-intent liver resection for HCC were identified from a multicenter Chinese database. Using propensity score matching (PSM), patients with HBV/HCV-HCC were matched one-to-one to patients with HBV-HCC. Overall survival (OS) and recurrence-free survival (RFS) were compared between the two groups before and after PSM.



Results

Among 2,467 patients identified, 93 (3.8%) and 2,374 (96.2%) patients had HBV/HCV-HCC and HBV-HCC, respectively. Compared with patients with HBV-HCC, patients with HBV/HCV-HCC were older, have poorer liver-related characteristics but better tumor-related characteristics. PSM created 88 pairs of patients with comparable liver- and tumor-related characteristics (all P > 0.2). In the PSM cohort, the 3- and 5-year RFS rates in patients with HBV/HCV-HCC were 48.3% and 38.9%, which were significantly poorer than patients with HBV-HCC (61.8% and 49.2%, P = 0.037). Meanwhile, the 3- and 5-year OS rates in patients with HBV/HCV-HCC were also poorer than patients with HBV-HCC (65.4% and 51.1% vs. 73.7% and 63.0%), with a difference close to be significant between them (P = 0.081).



Conclusion

Comparing to patients with HBV-HCC, liver resection resulted in relatively poorer long-term surgical outcomes in patients with HBV/HCV-HCC.
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Introduction

Approximately 700,000 persons die of hepatocellular carcinoma (HCC) every year worldwide making it the third leading cause of cancer death (1, 2). Cirrhosis of the liver is the biggest risk factor associated with developing HCC (3). Overall, up to 80% of HCC cases are attributable to cirrhosis secondary to persistent viral infection, mainly hepatitis B virus (HBV) and/or hepatitis C virus (HCV) infection (4, 5). In fact, concurrent infection of HBV and HCV is not uncommon, especially in areas where both viruses are highly prevalent as the mode of transmission is the same (6, 7). Co-infection with HBV and HCV has been observed in China, Spain, Italy, Japan, and Iran with a reported prevalence of 5~40%, while 2~25% of patients with chronic HCV infection are HBsAg-positive (7). HBV-HCC accounts for approximately 75~80% of patients with HCC in China, and the proportion of Chinese patients with HCV-associated HCC has rapidly increased over the last two decades. The proportion of HCC patients with HBV/HCV co-infection has, however, likely been underestimated in China (8).

Liver resection is widely accepted as first-line curative treatment for HCC (9). Numerous studies have reported long-term outcomes after curative liver resection for patients with HBV-HCC or HCV-HCC. In virtually all previous studies, patients with HCC and HBV/HCV co-infection (i.e., HBV/HCV-HCC) were excluded from the analytic cohorts due to small case numbers. In fact, to our knowledge, there have been no studies which focused on patients with HBV/HCV-HCC. As such, the long-term surgical outcomes of patients with HBV/HCV-HCC versus HBV-HCC who underwent hepatic resection were compared in this study using a large multicenter database.



Material and Methods


Study Population

Data from a Chinese multi-institutional database of patients who underwent curative-intent liver resection for HCC between January 2005 and December 2017 at 11 hospitals were retrospectively analyzed (Zhejiang Provincial People’s Hospital, Eastern Hepatobiliary Surgery Hospital, Liuyang People’s Hospital, First Affiliated Hospital of Harbin Medical University, Pu’er People’s Hospital, Fourth Hospital of Harbin, Pingxiang Mining Group General Hospital, Tongji Hospital, Ziyang First People’s Hospital, Southwest Hospital, and Affiliated Tumor Hospital of Guangxi Medical University). The diagnosis of HCC was confirmed by histopathological examination of resected specimens. Patients less than 18 years old, as well as individuals with recurrent HCC or who underwent antitumor treatment before surgery were excluded. Curative-intent liver resection was an R0 resection, which was defined as complete resection of all microscopic and macroscopic tumors. Patients who had microscopically positive (R1 resection) or grossly positive (R2 resection) margins were excluded. As the primary aim of the study was to compare surgical outcomes between patients with HBV/HCV-HCC and HBV-related HCC, patients with HCV-HCC or with non-HBV/HCV-HCC were also excluded.

Data were collected using a standardized form both in a prospective fashion and retrospective fashion depending on the data field. The process of pre-operative work-up and evaluation among participating hospitals was virtually identical. The selection criteria for liver resection for HCC were constant over the study period and included location and number of tumors, liver functional reserve and volume of future liver remnant as reported previously (10, 11). The study was performed in accordance with the Declaration of Helsinki and was approved by the Institutional Review Boards of all the participating hospitals. Individual consent for this retrospective analysis was waived.



Clinical Characteristics, Operative Variables, and Short-Term Outcomes

Patient demographic characteristics included age, sex, diabetes mellitus, body mass index (BMI), and American Society of Anesthesiologists (ASA) score. The clinicopathologic characteristics included Child-Pugh grading, presence/absence of cirrhosis and/or portal hypertension, serum anti-HCV antibody (anti-HCV) positivity, serum hepatitis B surface antigen (HBsAg) positivity, preoperative anti-HBV therapy, preoperative HBV-DNA level, preoperative bilirubin and albumin levels, preoperative alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels, preoperative alpha-fetoprotein (AFP) level, largest tumor size, tumor number, macroscopic or microscopic vascular invasion, satellites nodules, tumor differentiation, and tumor encapsulation were recorded. Cirrhosis was diagnosed by histopathological examination, and portal hypertension was defined as presence of either esophageal varices, or splenomegaly with a decrease in platelet count (≤ 100×109/L). Operative variables included intraoperative blood loss, requirement of blood transfusion, extent of hepatectomy (major or minor), type of liver resection (anatomical or non-anatomical), and resection margin. Major hepatectomy was defined as resection of three or more Couinaud liver segments, and minor hepatectomy as resection of fewer than three segments. Anatomical resection was defined using the Brisbane 2000 Nomenclature of Liver Anatomy and Resections, while non-anatomical resections included wedge resection or limited resection (12). Short-term surgical outcomes included postoperative 30-day mortality and morbidity. Postoperative morbidity included the occurrence of postoperative acute hepatic failure, biliary complications, sepsis, pulmonary, renal, cardiac and wound complications within 30 days of surgery (11, 13, 14). Morbidity was graded according to the Clavien-Dindo classification, and major morbidity was defined as Clavien-Dindo grade ≥ 3 (15).



Patient Follow-up

After hospital discharge, patients were followed-up in each hospital according to a relatively standardized recurrence monitoring program. In the first 6 months of operation, patients were monitored once every 1~2 months, then once every 2-3 months for the next 18 months, and thereafter once every 3~6 months (10). Patients were monitored for recurrence using physical examination, serum AFP, ultrasound or CT or MRI. When recurrence or distant metastasis was suspected, additional investigations were performed, including angiography, bone scan or positron emission tomography. Tumor recurrence was defined as emergence of intrahepatic or extrahepatic nodules with typical imaging features consistent with HCC on enhanced CT or MRI imaging regardless of serum AFP levels. Management of recurrence was based on patterns of recurrent tumors, residual liver functional reserve, and general condition of patients. Treatment included re-resection, local ablation therapy, liver transplantation, transcatheter arterial chemoembolization (TACE), radiotherapy, systematic therapy, or supportive therapy. The site of initial recurrence, the causes of mortality, dates of tumor recurrence, death and last follow-up were recorded.



Study Endpoints and Propensity Score Matching (PSM)

For the purposes of this study, patients with HBV/HCC-HCC and HBV-HCC were compared. HBV/HCV-HCC was defined as pathologically confirmed HCC with serum anti-HCV and HBsAg positivity, while HBV-HCC was defined as pathologically confirmed HCC with serum HBsAg positivity and anti-HCV negativity. The study endpoints were long-term oncological outcomes including overall survival (OS) and recurrence-free survival (RFS). OS was defined as the time from surgery to death from any cause, while RFS was defined as the time from surgery to tumor recurrence or occurrence of a new HCC, or death with evidence of recurrence.

After excluding patients with postoperative 30-day death, patients with HBV/HCV-HCC were matched with patients with HBV-HCC using the propensity score matching (PSM) method as previously described by Rubin and Rosenbaum (16). Covariates entered into the PSM model included age, sex, diabetes mellitus, overweight (BMI > 24kg/m2), ASA score, cirrhosis, portal hypertension, Child-Pugh grading, preoperative AST, ALT, and AFP levels, largest tumor size, tumor number, macrovascular and microvascular invasion, satellite nodules, and tumor differentiation. The model was used to provide a one-to-one match between the two groups; details of the matching procedure have been described previously (11, 17, 18).



Statistical Analysis

Statistical analysis was performed using the IBM SPSS Statistics version 25.0. Continuous variables were expressed as mean ± standard deviations or medians (range) as appropriate after testing for normal distribution using the Kolmogorov-Smirnov test. Categorical variables were reported as numbers (n) and proportions (%). Continuous variables were compared using the Student t test and categorical variables were compared using the Fisher’s exact test or the χ2 test, as appropriate. OS and RFS were calculated by the Kaplan-Meier method and patients with HBV/HCV-HCC were compared with those with HBV-HCC using the log-rank test before and after PSM. Univariable and multivariable Cox proportional hazard regression analyses were performed to identify risk factors associated with OS and RFS after curative liver resection for HCC among patients with HBV/HCV co-infection. All the statistical tests were two-tailed and a P value of less than 0.05 was considered statistically significant.




Results

Among the 3,481 patients initially identified, 1014 patients did not fit the inclusion criteria and were excluded. The analytic cohort consisted of 2,467 patients with HBV/HCV-HCC or HBV-HCC who underwent curative liver resection (Figure 1). There were 93 patients with HBV/HCV-HCC and 2,374 with HBV-HCC. PSM was used to create 88 matched pairs of patients who had HBV/HCV-HCC or HBV-HCC.




Figure 1 | Selection of the study population.




Comparisons of Clinicopathological Variables and Short-term Outcomes

Patient baseline characteristics, operative variables, and short-term outcomes between patients with HBV/HCV-HCC and HBV-HCC before and after PSM are shown in Table 1. Compared with patients who had HBV-HCC, patients with HBV/HCV-HCC were older (Age > 60 years: 44.1% vs. 19.0%), more often had cirrhosis (92.5% vs. 77.7%) and portal hypertension (43.1% vs. 27.3%) (all P < 0.05). Patients with HBV/HCV-HCC were less often to have larger tumors (largest tumor size > 5 cm: 31.2% vs. 47.7%), multiple tumors (10.8% vs. 20.7%) or satellite nodules (12.9% vs. 23.1%) (all P < 0.05). There were no significant differences in other baseline characteristics and operative variables between the two groups. Patients with HBV/HCV-HCC had higher postoperative mortality and morbidity rates than patients with HBV-HCC (4.3% and 50.5% vs. 1.3% and 33.1%, both P < 0.05).


Table 1 | Comparisons of patients’ clinicopathologic characteristics, operative variables, and short-term outcomes between patients with HBV/HCV-HCC and HBV-HCC before and after propensity score matching.



After PSM, all the clinicopathological and operative variables were balanced among the two groups of patients with HBV/HCC-HCC and HBV-HCC (all P > 0.02). After PSM, postoperative overall morbidity (47.7% vs. 44.3%, P = 0.650), minor morbidity (31.8% vs. 29.5%, P = 0.743) and major morbidity (15.9% vs. 14.8%, P = 0.834) rates were comparable between the two groups.



Comparisons of Long-term Outcomes

Table 2 demonstrates long-term outcomes of patients with HBV/HCV-HCC versus HBV-HCC before and after PSM. With a median follow-up of 59.8 months, mortality and recurrence were observed in 47.2% and 52.8% of patients with HBV/HCV-HCC, respectively; in contrast, mortality and recurrence occurred in 52.4% and 61.9% of patients with HBV-HCC, respectively (P = 0.333 and 0.084, respectively). In analyzing the entire cohort, the 5-year OS and RFS rates after curative liver resection among patients with HBV/HCV-HCC were 51.9% and 39.8%, respectively, when compared with 54.5% and 37.9%, respectively in patients with HBV-HCC (P = 0.998 and 0.694, respectively) (Figures 2A, B).


Table 2 | Comparisons of long-term outcomes between patients with HBV/HCV-HCC and HBV-HCC before and after propensity score matching.






Figure 2 | Kaplan-Meier curves of overall survival (A) and recurrence-free survival (B) between patients with HBV/HCV-HCC and HBV-HCC in the entire cohort.



After PSM, the incidence of mortality among the 88 patients with HBV/HCV-HCC was still comparable to the matched 88 patients who had HBV-HCC (46.6% vs. 37.5%, P = 0.222); however, the incidence of recurrence among the HBV/HCV-HCC group was higher than the HBV-HCC group (53.4% vs. 26.1%, P < 0.001). On PSM, the 5-year OS and RFS rates among patients with HBV/HCV-HCC were 51.1% and 38.9%, which were worse than patients who had HBV-HCC (63.0% and 49.2%, P= 0.081 and 0.037, respectively). In the PSM cohort, OS and RFS among patients with HBV/HCV-HCC versus patients with HBV-HCC are demonstrated in Figures 3A, B.




Figure 3 | Kaplan-Meier curves of overall survival (A) and recurrence-free survival (B) between patients with HBV/HCV-HCC and HBV-HCC in the propensity score matching cohort.





Prognostic Analysis for Patients With HBV/HCV-HCC

On multivariable analysis after controlling for competing risk factors (Table 3), Child-Pugh grade B, largest tumor size > 5cm, multiple tumors, and macroscopic vascular invasion were independent risk factors associated with poorer OS, while largest tumor size > 5cm, multiple tumors, and macroscopic and microscopic vascular invasion were independent risk factors associated with worse RFS among patients undergoing curative liver resection for HBV/HCV-HCC. Compared with independent risk factors associated with OS and RFS after curative resection for HBV-HCC (Table 4), there were some common independent risk factors between patients with HBV-HCV-HCC and patients with HBV-HCC, including largest tumor size > 5cm, multiple tumors, and macroscopic and microscopic vascular invasion.


Table 3 | Independent prognostic factors associated with overall survival and recurrence-free survival after liver resection for hepatocellular carcinoma among patients with HBV/HCV co-infection by multivariable Cox-regression analysis.




Table 4 | Independent prognostic factors associated with overall survival and recurrence-free survival after liver resection for hepatocellular carcinoma among patients with only HBV infection by multivariable Cox-regression analysis.






Discussion

Multiple studies have reported that patients with HBV/HCV co-infection progress faster, have more severe liver disease, and have a higher risk of liver cirrhosis and HCC versus patients with HBV or HCV infection alone (6–8, 19–25). Comparisons of clinical patterns and prognosis, including morbidity and mortality, as well as survival and recurrence, after liver resection among patients with HBV/HCV-HCC versus patients with HBV-HCC have not been well studied. In the current study, data from a large multicenter observational cohort was utilized to identify patients with co-infection with HBV/HCV-HCC. Of note, patients with HBV/HCV-HCC were older, more often had cirrhosis and portal hypertension, yet less often had larger tumors, multiple tumors, or satellite nodules than patients with HBV-HCC. In the entire cohort, although patients with HBV/HCV-HCC had a reasonably lower postoperative mortality rate and an acceptable postoperative morbidity rate after liver resection, the mortality and morbidity rates were higher than patients with HBV-HCC. After balancing baseline and clinicopathological characteristics using PSM, patients with HBV/HCV-HCC had lower 5-year OS and RFS rates after surgery (51.1% and 38.9%, respectively) versus patients with HBV-HCC (63.0% and 49.2%, respectively). In addition, largest tumor size > 5cm, multiple tumors, and macroscopic vascular invasion were independent risk factors associated with worse OS and RFS after liver resection for HBV/HCV-HCC. To our knowledge, this is the first study to evaluate surgical outcomes of liver resection for HBV/HCV-HCC. The results provided useful information that may help inform preoperative planning and postoperative surveillance for patients with HBV/HCV co-infection undergoing liver resection for HCC.

The reasons attributing to the poor short-term and long-term outcomes among patients with HCC who have HBV/HCV co-infection are possibly be related to several factors. Previous studies have suggested a higher risk of developing advanced liver damage among patients with HBV/HCV co-infection versus individuals with either infection alone, including the degree of liver fibrosis or cirrhosis, or even the proportion of patients with portal hypertension (26). This may explain the higher postoperative mortality and morbidity rates noted among patients with HBV/HCV-HCC than patients with HBV-HCC. In the current study, almost all (> 90%) patients with HBV/HCV-HCC failed to receive anti-HCV treatment before liver resection due to a low awareness of chronic HCV infection in China where serum HCV test is not routinely obtained until prior to or after surgery. Therefore, although most of the 93 patients had known HBV infection status, less than 30% of patients had a known history of HCV infection until just prior to or after surgery. Furthermore, patients who underwent resection before 2017 were not able to be treated for HCV, as development of effective drugs against HCV infection was after that time. As such, HCC patients with HBV/HCV co-infection may have poorer long-term survival outcomes after liver resection for HCC because many of these patients had not been treated for HCV. The pathogenesis of both HBV and HCV infections is generally immune mediated, yet these viruses have evolved multiple mechanisms to escape immune elimination and continue replicating in an infected host for many years. Multiple carcinogenesis pathways induced by HBV/HCV co-infection, have been postulated to increase severity of liver disease, increase inflammation specifically and increase oncogenicity (8), which can lead to an increased likelihood to develop tumor recurrence or de novo tumors than tumors only induced by HBV infection (26). Understanding the common mechanisms of HBV and HCV pathogenesis, including changes of DNA methylation, miRNA expression profile and constitutive activation of many signal transduction pathways will help researchers to focus efforts on therapeutic targets that may be used to develop new treatment approaches for patients with HCC (7, 23, 27, 28).

There are several well-known clinicopathological variables which are associated with long-term prognosis with worse OS and RFS among patients undergoing liver resection for HBV/HCV-HCC. These factors include largest tumor size > 5 cm, multiple tumors, and macroscopic vascular invasion, and patients with these risk factors are particularly need of more intense surveillance and adjuvant therapy following liver resection for HBV/HCV-HCC. Recent guidelines recommend surveillance for tumor recurrence after HCC resection at 4-month intervals for patients with a history of HCV infection. The results of this study suggested standard postoperative anti-HBV and anti-HCV therapies and postoperative surveillance once every 3 months should be recommended for patients undergoing curative liver resection for HBV/HCV-HCC.

The present study had several limitations. The study was retrospective with its inherent proneness to potential biases. There were no unified diagnostic criteria for HBV/HCV-HCC (19), which may result in an underestimation of 40%-50% of unrecognized HCV-infected patients with occult HBV infection [defined as absence of hepatitis B surface antigen and HBV-DNA in serum, but detectable HBV-DNA in liver (6, 8)]. Information of viral genotype, baseline viral load, viral load changes over time, as well as presence or absence of regular anti-hepatitis therapies were also not evaluated. Since patients in this study had resectable tumors with compensated liver function, the data cannot be generalized to all patients with HBV/HCV-HCC. Although the PSM method was used to help balance factors between groups, the relatively small number of patients with HBV/HCV-HCC (n = 93) limited the statistical power. To our knowledge, this study, however, is the first to compare surgical outcomes among patients with HBV/HCC-HCC and patients with HBV-HCC. In addition, patients in the current study were also treated exclusively in China. As such, data from the current study should be externally validated in Western patients to ensure generalizability to a broader population of patients.



Conclusion

In conclusion, postoperative morbidity and mortality rates, and long-term prognosis among patients with HBV/HCV-HCC were worse compared with patients who underwent resection for HBV-HCC. While several risk factors, including large tumor size, multiple tumors, and macroscopic vascular invasion were already known to be associated with long-term prognosis, the results of this study served to highlight the differences in short- and long-term outcomes among patients undergoing curative liver resection for HBV/HCV-HCC, especially when compared with patients with HBV-HCC.
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