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Objective

To explore the independent predictive factors of spontaneous tumor rupture (STR) in patients undergoing curative resection of hepatocellular carcinoma (HCC), and to evaluate the impact of STRHCC on long-term survival after hepatectomy.



Methods

The clinicopathological parameters of 106 patients with STRHCC and 201 patients with non-ruptured HCC who underwent hepatectomy from January 2007 to November 2011 at the Eastern Hepatobiliary Surgery Hospital and Zhongnan Hospital of Wuhan University were analyzed using propensity score matching (PSM) and a logistic regression model.



Results

Factors including hypertension, cirrhosis, total bilirubin (TB), tumor size, and ascites were independent predictors of STR. For all 307 HCC patients, the 1-, 3- and 5-year overall survival (OS) rates were 54.0%, 37.3% and 33.8%, respectively. After PSM, the 1-, 3-, and 5-year OS rates in the ruptured group remained significantly lower at 41.5%, 23.5%, and 17.5% when compared with the non-ruptured group at 70.8%, 47.1%, and 37.6%, respectively, while the 1-, 3-, and 5-year disease-free survival (DFS) rates between the groups did not differ significantly (50.4%, 35.1%, 27.1% vs 55.4%, 38.2%, 27.4%). STRHCC was significantly associated with increased risk of OS, but not of shorter DFS. No significant difference in postoperative morbidity or hospital death was observed between the groups.



Conclusion

Factors including hypertension, liver cirrhosis, higher TB levels, tumor size > 5cm, and ascites are significant predictors of STR. The recurrence rate of patients in the ruptured group was significantly higher than that of patients in the non-ruptured group. STR results in poorer OS but not DFS in patients undergoing curative resection for HCC. STRHCC has no impact on postoperative morbidity and mortality after hepatectomy.
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1 Introduction

Hepatocellular carcinoma (HCC) is the fourth most commonly occurring cancer and the third commonest cause of cancer-related deaths in China (1, 2). Spontaneous tumor rupture of HCC (STRHCC) is a rare fatal complication with an incidence of 10% to 15% (3–5). Immediate intervention for hemostasis is the main treatment for STRHCC. Assessment should be carried out immediately when the bleeding has been arrested, which includes the overall condition of the patient, liver function, tumor stage, and resectability of the tumor (including the tumor location). Given that STRHCC is a contraindication to liver transplantation, hepatectomy remains the only potential curative intervention. The long-term survival rate of patients undergoing hepatectomy is superior to those undergoing other non-surgical treatments such as local ablative therapy, transhepatic artery embolization or chemoembolization (4). Emergency or staged hepatectomy (embolization or other conservative procedures to achieve haemostasis, followed by surgery) is an effective treatment for STRHCC, and long-term survival can be achieved (2–5). Our study aimed to analyze the risk factors for STR and the survival outcomes of patients undergoing curative resection following STR of HCC.



2 Materials and Methods


2.1 Patients

This was a retrospective study that included HCC patients that underwent hepatectomy in the Eastern Hepatobiliary Surgery Hospital of Naval Military Medical University and the Zhongnan Hospital of Wuhan University from April 2007 to November 2011 (Figure 1). Eligible patients were confirmed to have HCC and liver cirrhosis by histopathological results, or STRHCC by clinical manifestations, physical signs and other diagnostic methods (including Computed Tomography [CT], diagnostic abdominocentesis, ultrasound or angiography), and underwent hepatectomy by the same surgical team. Among the key exclusion criteria were patients with incomplete clinical data, serious complications such as severe cardiovascular disease, preoperative portal vein thrombosis, portosystemic shunting before or during hepatectomy and those undergoing palliative liver resection (undertaken only in patients in whom the tumour was multiple and unresectable, liver functional reserves were inadequate for major hepatectomy). Written informed consents were obtained from all patients. There were 307 patients enrolled on the study. This study was conducted in accordance with the Declaration of Helsinki and approved by the Clinical Research Ethics Committee of the Eastern Hepatobiliary Surgery Hospital of Shanghai and Zhongnan Hospital of Wuhan University in China.




Figure 1 | The flow chart illustrated the patient selection process.





2.2 Treatment

For patients with a normal liver function and TNM staging that showed a locally confined liver tumor without metastasis, the liver tumor was assessed for curative resectability. For resectable STRHCC, emergency hepatectomy (the main hemostatic method for STRHCC) was feasible when the liver function and the general condition of the patient met the surgical requirements. For patients not suitable for emergency hepatectomy, staged hepatectomy (staged early hepatectomy: rupture time ≤ 8 d; staged late hepatectomy: rupture time > 8 d) was carried out after other hemostatic interventions (that included liver packing, hepatic artery ligation, suture of the liver parenchyma, local ablative therapy, and alcohol injection). For patients with unstable hemodynamics, the main treatments included close monitoring of vital signs, active anti-shock, transcatheter arterial chemoembolization or transcatheter arterial embolization (TACE/TAE) and supportive treatment. TACE/TAE or emergency exploratory laparotomy was carried out for those with recovered coagulation profiles and when conservative treatments were ineffective.

Emergency hepatectomy: The Pringle method was used to occlude the porta hepatis. Upon evacuation of blood clots from the abdominal cavity, the tumor was evaluated for resectability. After the operation, the abdominal cavity was rinsed with conventional hot distilled water (DWPL) and 5-fluorouracil (5-FU) particles were placed in the omentum.

Staged hepatectomy: Before surgery, CT and magnetic resonance imaging (MRI) were used to assess the location and extent of the tumor for resectability. The Pringle method was used to occlude the porta hepatis for 15 min and released for 5 min. The liver parenchyma was dissected by the classic “clamp method”, and hemostasis was achieved by suturing of the wound and using an argon knife. Anatomical hepatectomy (AH) or non-anatomical hepatectomy (NAH) were selectively performed, with the latter mainly applied to tumors located on the surface of the liver or the junction of multiple hepatic segments, or the liver with severe cirrhosis. Large-scale hepatectomy was defined as resection of three or more Couinaud hepatic segments.



2.3 Assessment


2 3.1 Postoperative Complications

Postoperative complications were assessed from the first day after surgery to the day of hospital discharge, including liver failure (TB level >60 μmol/L, prothrombin time >18s or hepatic encephalopathy), cardiopulmonary failure, renal failure, biliary complications, postoperative infections, ascites and pleural effusion requiring drainage.



2.3.2 Follow-Up

Two clinicians who were blinded to this study carried out the follow-ups via the combination of postoperative outpatient setting and telephone calls every 4 weeks postoperatively and then every 2 months and 6 months postoperatively, until the 30th of November 2016. Assessments including alpha-fetoprotein (AFP), CT or MRI, chest radiographs, and positron emission tomography (PET-CT) or bone scans (ECT) were performed when indicated. Hospital death was defined as death during hospitalization or within 60 days after surgery. Overall survival (OS) was defined as from the date of surgery to death or the end of follow-up. Disease-free survival (DFS) was defined as from the date of surgery to the time of tumor recurrence or death. The diagnostic criteria for recurrence of HCC were similar to that of the first diagnosis of HCC: patients with hepatitis B (HBV) or hepatitis C (HCV), or with cirrhosis of any cause, underwent ultrasound and serum AFP examination at least every 6 months. Intrahepatic nodules were identified as lesions that were significantly strengthened during the arterial phase and the enhancement was lower than the normal liver parenchyma during the portal venous phase or equilibrium phase (typical imaging characteristic of HCC) on dynamic enhanced MRI, dynamic enhanced CT, ultrasound imaging or liver cell specificity of Gd - EOB - DTPA enhancement MRI contrast agent. HCC was clinically diagnosed when two of the above imagings showed typical imaging characteristics of HCC with the diameter of intrahepatic nodules of ≤ 2cm, or when one conformed to a typical imaging characteristic with the diameter of > 2cm. The management of recurrent HCC was according to the specific situation of recurrence, the reserved function of the liver, and the patient’s general condition. Multidisciplinary treatments including recurrence resection, radiofrequency ablation, transcatheter arterial chemoembolization (TACE), radiotherapy, chemotherapy, or oral sorafenib were carried out for recurrent disease.




2.4 Statistical Analysis

Measurement data or count data of patients’ baseline characteristics were expressed as mean ± SD or number of cases (percentage). Respectively, the independent sample t-test or Pearson χ2 test was used for comparisons between the groups. Multivariate adjusted logistic regression analysis was used to explore the risk factors for STRHCC. Direct use of the Kaplan-Meier survival curve discounted the influence of confounders, which might result in errors of survival rate between the groups. However, PSM accurately evaluated the difference in survival rate between the two groups after controlling for the confounders that affected the prognosis except for STRHCC. Therefore, Kaplan-Meier analysis was used after PSM, and a log-rank test was used to compare the survival rate between the groups. In addition, multivariate-adjusted Cox regression analysis and Cox regression analysis after PSM were used and mutually authenticated to determine the effect of STRHCC after hepatectomy on patients’ long-term prognosis. The process of PSM was as follows: (1) patients were divided into the ruptured and the non-ruptured group, (2) rupture or non-rupture was set as the dependent variable (Y) and the other known clinical features as the independent variable (X) to build a logistic regression equation, (3) the rupture probability of each patient was calculated according to the equation, (4) the nearest neighbor matching was used with calipers as the default value to match rupture probability with P > 0.05 indicating data balance. Statistical analysis was conducted using the IBM SPSS Statistics 19 software (Statistical Package for the Social Sciences, Inc. Chicago, Illinois) with P <0.05 indicating statistical significance.




3 Result

There were 4209 patients (3661 males and 548 females) diagnosed with HCC during our study period with the mean age of 49.4 ± 8.7 years old. Of these, 200 (4.8%) had STRHCC. Among 774 patients who underwent liver resection, 106 (13.7%) patients had STRHCC before surgery. A total of 100 patients with ruptured HCC did not proceed with hepatectomy due to several reasons: the tumors were considered unresectable during the preoperative evaluation (51 cases) or during the operation (4 cases); serious derangement of liver functions that were not suitable for surgery (17 cases); the general condition of the patients was poor (10 cases); rejection of surgery (3 cases); and other reasons (15 cases). For our analyses, patients were divided into the ruptured group (n=106) and the non-ruptured group (n=201).


3.1 Clinical Characteristics of Patients With STRHCC

The clinical characteristics of the ruptured and the non-ruptured group that underwent hepatectomy were compared (Table 1). In the ruptured group, there were 99 males and 7 females with a median age of 46.7 ± 11.3 years old. Between the 2 groups, the age difference was statistically significant (P=0.005) but not the gender.


Table 1 | Comparison of clinical characteristics between HCC patients with STR and those with nonruptured tumors undergoing hepatectomy.



The tumor diameter in the ruptured group was significantly larger than that in the non-ruptured group (8.6 ± 3.2 cm vs. 7.1 ± 4.5 cm, t=3.393, P=0.001), while other tumor-related clinical features such as tumor capsule, macrovascular invasion, tumor grade, and surgical margin were comparable between the two groups. The intraoperative blood loss volume (300 [50 – 5000) mL vs. 500 [30 – 8000) mL, t=-2.74, P=0.006) and the proportion of patients requiring intraoperative blood transfusion (43.4% vs. 19.4%, P < 0.0001) of the ruptured group were higher than those of the non-ruptured group. However, no difference in the operation time was observed between the two groups (P=0.885). When compared with the non-ruptured group, the proportion of surgical margin ≤1 cm was lower (6.0% vs. 29.9%, χ2 = 7.047, P=0.008) while the proportion of NAH was higher in the ruptured group (47.2% vs. 33.8%, χ2 = 5.218, P=0.022). A patient in the ruptured group died during hospitalization due to liver failure. After the PSM, there were 89 patients in the ruptured group and 89 patients in the non-ruptured group. There was no significant difference in surgical complications and hospital deaths between the two groups before and after PSM.



3.2 Predictors of STRHCC

On univariate analyses, several factors including sudden onset, hypertension, liver cirrhosis, Child-Pugh grade, hemoglobin (Hb), TB, serum albumin (ALB), AFP, hepatitis B virus surface antigen (HBsAg), and tumor size were potential predictors of STRHCC (Table 1). Multivariate logistic regression analysis revealed that hypertension, cirrhosis, TB, tumor size and ascites were independent predictors of STRHCC (Table 2).


Table 2 | Multivariate logistic analysis of predictors of STR in HCC patients (before PSM).





3.3 Survival Curves Analysis

During postoperative follow-ups, 92 (86.8%) of 106 STRHCC patients and 124 (61.7%) of 201 non-ruptured HCC patients died. The 1 -, 3 -, and 5-year OS rates were 54.0%, 37.3%, and 33.8%, respectively, with a median survival time of 17 months (95% CI 12.0-25.0). Of the 265 patients who underwent R0 resection, 38(7.5%) developed peritoneal metastasis, including 29 (32.6%, 29/89) in the ruptured group and 9 (5.1%, 9/176) in the non-ruptured group (χ2 = 36.314, P<0.001). The 1 -, 3 - and 5-year OS rates of 265 HCC patients who underwent R0 resection were 88.8%, 64.6% and 53.7%, respectively, with a median survival time of 41 months.

There were 178 HCC patients who remained after the PSM, including 89 cases in the ruptured group and 89 cases in the non-ruptured group. The overall follow-up time was 1 to 104 months with a median follow-up time of 35.9 months.



3.4 The Effect of STRHCC on Patient Survival

Before PSM, the 1 -, 3 - and 5-year OS rates of patients in the ruptured group (106 cases) were 37.7%, 19.6%, 14.7%, respectively, and the non-ruptured group (201 cases) were 82.8%, 58.3%, 43.0%, respectively (Figure 2A). Furthermore, the 1 -, 3 - and 5-year DFS rates of patients in the ruptured group were 44.5%, 29.7%, 19.4%, respectively, and the non-ruptured group were 66.6%, 44.1%, 30.1%, respectively (Figure 2B). Cox regression analysis showed that STRHCC was an independent prognostic factor for OS (HR 0.181, 95% CI 1.324-2.694, P<0.001) but not the DFS (HR 0.945, 95% CI 0.635-1.407, P=0.782) in 307 HCC patients (Table 3). Operative morbidity and mortality rates were comparable after emergency and staged procedures. Although univariable analyses showed that overall survival and DFS after emergency hepatectomy were poorer than after staged hepatectomy (P =0.016 and P =0.025 respectively), the differences were not significant in multivariable analyses.




Figure 2 | Overall (A, B) and Disease-free Survival curves (C, D) of nonruptured HCC patients and STRHCC patients before and after PSM.




Table 3 | Cox regression analysis of prognostic factors of OS and DFS in 307 HCC patients (before PSM).



After PSM, the 1 -, 3 - and 5-year OS rates of patients in the ruptured group (89 cases) were 41.5%, 23.5%, 17.5%, respectively, and the non-ruptured group (89 cases) were 70.8%, 47.1%, 37.6%, respectively (Figure 2C). Furthermore, the 1 -, 3 - and 5-year DFS rates of patients in the ruptured group were 50.4%, 35.1%, 27.1% respectively, and the non-ruptured group were 55.4%, 38.2% and 27.4%, respectively (Figure 2D). Cox regression analysis showed that STRHCC was an independent prognostic factor for OS (HR 1.769, 95% CI 1.524–3.184, P=0.001) but not for DFS (P>0.05) in 178 HCC patients (Table 4).


Table 4 | Univariate and multivariate regression analysis of prognostic factors for OS and DFS in 178 HCC patients after PSM.






4 Discussion


4.1 Epidemiology and Clinical Characteristics of STRHCC

Previous studies have reported that the incidence of STRHCC exhibits regional differences with 10%-15% in HCC patients (1, 4). However, our study showed that STRHCC was more common in HCC patients with poorly preserved hepatic function (worse than Child-Pugh grade B), and especially young HCC patients with HBV infection and cirrhosis. These findings suggest heterogeneity of the patient population with STRHCC, and that the clinicopathological parameters associated with STRHCC also differ among the subgroups.

HCC patients that present with sudden onset of upper abdominal pain coupled with unstable hemodynamics as a result of circulatory shock are the most common clinical manifestations and can almost always be diagnosed with STRHCC. In our study, patients in the ruptured group had more typical clinical symptoms and a significantly higher proportion with liver cirrhosis compared with patients in the non-ruptured group. The recurrence rate of patients in the ruptured group was significantly higher than that of patients in the non-ruptured group. Also, STRHCC was associated with hypertension, ascites, higher Child-Pugh grade, lower ALB level, HBV infection and larger tumor, which were consistent with other studies (6, 7). Contrary to the study by Yeh et al. (6), sudden abdominal pain (univariate analysis, P=0.046) was not an independent predictor of STRHCC patients in our cohort. This might be attributed to patient selection in our study that all the included STRHCC patients were operated on by the single liver surgical team.



4.2 Risk Factors and Surgical Treatment of STRHCC

From our analyses, hypertension and liver cirrhosis were identified as independent risk factors for STRHCC. Hypertension may directly increase the pressure in the tumor, leading to rupture of blood vessels in tumors with consequent uncontrollable bleeding. When bleeding is by abnormal coagulative function due to cirrhosis, hemostasis will be more difficult to achieve, which potentiates the progression to STRHCC (8).

The management of STRHCC includes hemostasis and hepatectomy. The resectability of a HCC that has ruptured is determined by the location of the tumor in relation to intrahepatic large vessels, residual liver volume, and patient factors including cirrhosis and portal hypertension. Certainly, hepatectomy for STRHCC patients with cirrhosis is technically challenging. It has been reported that ~60.7% to 97.3% of STRHCC patients are with cirrhosis, and only ~12.5% to 30.6% of patients could receive hepatectomy (4). In our cohort, 89 (84.0%) of 106 STRHCC patients with cirrhosis underwent hepatectomy. In recent years, improvements in techniques of liver surgery have made hepatectomy feasible which provides the only chance for a cure for patients with STRHCC.



4.3 Clinical Prognosis of STRHCC Patients

In patients with STRHCC, favorable long-term survival following emergency hepatectomy has long been established (9). Our study demonstrated that patients undergoing hepatectomy for STRHCC had a longer OS and DFS, although the OS appeared worse than that of non-ruptured HCC patients. Although numerous studies have reported that STRHCC is an independent but poor prognostic factor after hepatectomy, it remains controversial and there is a need for this to be validated by a prospective study or large-sample clinical cohort study (5, 6). The study by Yeh et al. (6) indicated that the DFS of STRHCC patients was worse than that of non-ruptured HCC patients, but no significant difference in the OS was observed between the two groups. On the contrary, our findings revealed that STRHCC reduced the OS of HCC patients and predicted poor prognosis but not the DFS after hepatectomy. These differences in the findings could be attributed to the surgeons in the two centers of our study having richer experience in liver resection, whereby the proportion of liver resection in our study was significantly higher than most other liver surgical centers (5, 9). This is further reflected in the superior 1-, 3-, and 5-year OS and DFS rates of STRHCC patients after hepatectomy in our cohort than that of the reported prognosis (5, 6).

In our study, no significant differences were observed in the incidence of postoperative complications and perioperative mortality between STRHCC and non-ruptured HCC patients, suggesting no increased adverse events of hepatectomy for STRHCC when performed by experienced surgeons. Intraoperative tumor spread is not uncommon in hepatectomy (2). To prevent abdominal tumor implantation and metastasis, we routinely rinsed the enterocoelia with DWPL and placed 5-FU tablets. DWPL removes cancer cells and thus, delaying tumor recurrence and leading to a better survival prognosis of STRHCC patients (10, 11). A randomized controlled trial (RCT) has confirmed the benefits of 5-FU as postoperative adjuvant therapy, which significantly extends the OS and DFS in patients with advanced HCC (12). Also, the proportion of surgical margin ≤ 1cm in the ruptured group was significantly lower than that in the non-ruptured group. Furthermore, intraoperative evaluation of STRHCC revealed much larger tumors than preoperative evaluations and intraperitoneal implantation metastasis was commonly found. After R0 resection, the risk of peritoneal implantation metastasis was significantly higher in the ruptured group than in the non-ruptured group.

Studies have demonstrated that HCC invasion of the hepatic vein or its branches may obstruct the outflow tract of tumor blood vessels, resulting in hepatic congestion as blood continues to flow into the tumor through the hepatic artery, leading to increased pressure in the tumor and consequently a rupture (4). Nevertheless, our study revealed no difference in the proportion of macrovascular invasion between the ruptured and non-ruptured groups. Immunosuppression induced by perioperative blood transfusion can shorten the DFS of HCC patients (13).

The study by Battula et al. (14) has shown that multiple tumors and tumor size directly predict the survival prognosis. Also, Kirikoshi et al. (15) have demonstrated that tumor size was an independent prognostic factor for the long-term survival of STRHCC patients after TAE. Consistently, our study revealed that tumor size was an independent prognostic factor for the long-term survival of STRHCC patients after hepatectomy. However, we found that HBsAg (+) was not a prognostic factor for OS and DFS of patients with HBV-associated HCC after hepatectomy, contrary to the studies by Sun et al. and Hung et al. (16–20) The prognostic value of HBsAg has been reported variably (2, 20), which may be attributed to the different HBV-DNA copy coefficients of HBsAg (+) patients.

There were several limitations to our study. Firstly, this was a retrospective study. Therefore, we applied PSM to reduce the selective bias caused by confounders and ensure balanced comparability of baseline data between the groups, which makes our results close to that of a RCT study. Secondly, the HBV infection rate in our cohort was significantly higher than that reported in the European and American countries and Japan. Therefore, external validation of our findings is required via an international multi-center collaborative study. Furthermore, the surgeons’ extensive experience of hepatectomy in our study may have contributed significantly to the superior clinical outcomes, which is unlikely to reflect the overall national survival statistics of patients with STRHCC. Finally, According to multivariable analysis, tumor diameter < 5cm, AFP < 400μg/L, single tumor, and absence of micro-/macrovascular invasion, as well as the Child-Pugh grade A, increased the odds of long-term survival following liver resection. Future studies are required to establish an effective prognostic nomogram for STRHCC after hepatectomy, to determine whether this model provides more-accurate prediction of patient survival when compared with the currently available staging systems.




5 Conclusion

Factors including hypertension, cirrhosis, high level TB, tumor diameter > 5cm and ascites are independent predictors of STRHCC. The recurrence rate of patients in the ruptured group was significantly higher than that of patients in the non-ruptured group. STRHCC itself is an independent prognostic factor for OS but not for DFS of HCC patients after hepatectomy. Hepatectomy after STRHCC is safe, given no increase in the incidence of perioperative complications and mortality.
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