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Abstract
Background Spontaneous tumor rupture is a rare but life-threatening complication of hepatocellular carcinoma (HCC). The impact of
spontaneous ruptured HCC on long-term survival after liver resection (LR) remains unclear. Our aim was to compare the surgical outcome in
patients who underwent LR with ruptured and non-ruptured HCC . Methods A comprehensive search using PubMed, Embase, Cochrane Library
and Science Citation Index Expanded databases was performed. The primary outcomes were the hazard ratio (HR) for overall survival ( OS) and
disease free survival (DFS). The secondary outcomes included morbidity, hospital mortality and recurrence rate . Results Ten retrospective
studies including 3222 patients met the inclusion criteria. Pooled analysis revealed a signi�cantly poorer OS and DFS for patients with ruptured
HCC compared to patients with non-ruptured HCC (HR, 2.02; 95% CI, 1.61-2.54; P< 0.00001 and HR, 1.92; 95% CI, 1.56-2.35; P<0.00001,
respectively). In the subgroup analysis, both the propensity score matching (PSM) and non-PSM studies demonstrated a signi�cantly poorer OS
in the ruptured HCC group (P=0.02 and P<0.00001, respectively). However, meta-analysis of two PSM studies showed that there was not
signi�cant difference in the DFS between the two groups (P=0.50). Patients in the ruptured HCC group had a higher mortality and recurrence
rate than the non-ruptured HCC group, but the difference was not signi�cant (P = 0.05 and P = 0.06, respectively) Conclusions Surgical
outcomes of the patients with the ruptured or non-ruptured HCC undergoing LR were not only affected by tumor rupture itself, but also by the
tumor characteristics and liver functional status. Therefore, classifying all ruptured but resectable HCC as T4 stage is unable to accurately
represent their true prognosis.

Background
Hepatocellular carcinoma (HCC) is the sixth most common malignancy and the second most common cause of cancer related death in men
worldwide [1]. Spontaneous tumor rupture is a rare but life-threatening complication of HCC. There are distinct geographic variations in the
reported incidences. Ruptured HCC occurs in 2.3% to 26% of the patients with HCC in Asia and less than 3% in the West [2]. 

Ruptured HCC is associated with a high in-hospital mortality rate ranging 25–75% and poor long-term survival with a median survival of 1.2 - 4
months if untreated [3,4]. Therefore, the current TNM classi�cations of American Joint Committee on Cancer/Union for International Cancer
Control (AJCC/UICC) classify ruptured HCC as T4, regardless of other tumor characteristics [5]. However, the true impact of spontaneously
ruptured HCC on long-term survival and recurrence pattern after liver resection (LR) remains a topic of debate. Several studies have compared
the surgical outcomes in patients undergoing LR between ruptured and non-ruptured HCC. The results showed that the survival of patients with
ruptured HCC was signi�cantly worse than that of patients with non-ruptured HCC [6-8]. In contrast, reports from other centers found no
signi�cant difference in overall survival (OS) or disease-free survival (DFS) between the two groups of patients [9-14]. A recent study from Hong
Kong analyzed the survival outcome strati�ed according to the TNM classi�cation. The �nding showed that the adverse prognostic effect of
tumor rupture was mainly limited to early stage tumors and assigning all resectable ruptured tumors to T4 may overestimate the severity of
disease [15]. 

Because of the low incidence of spontaneous HCC rupture and the heterogeneity of patients, the prognostic in�uence of ruptured HCC was still
unclear. There is currently no discussion in the literature that groups the available evidence. We thus performed a systematic review and meta-
analysis to compare the surgical outcome in terms of OS and DFS in the patients who underwent LR with ruptured and non-ruptured HCC.

Methods
Search strategy

This systematic review was conducted in line with the Preferred Reporting Items for Systematic Reviews and Meta Analyses (PRISMA)[16] and
Assessing the Methodological Quality of Systematic Reviews (AMSTAR) guidelines. The search was restricted to the English language and used
PubMed, Embase, Cochrane Library and Science Citation Index Expanded (Web of Science) databases in May 2018 without restriction on the
publication date. The following keywords using both their MESH terms and free text were used liver neoplasms or hepatocellular carcinoma or
‘carcinoma, hepatocellular’ or hepatoma or liver cell carcinoma or heptocarcinoma or cancer of liver or hepatocellular cancer or ‘cancers,
hepatocellular’ or hepatocellular cancers or hepatic cancer or ‘cancer, hepatic’ or ‘cancers, hepatic’ or hepatic cancers or liver cancer or ‘cancer,
liver’ or ‘cancers, liver’ or liver cancers or cancer of the liver or  ‘Cancer, Hepatocellular’ or hepatic tumor or liver tumor AND ‘Rupture,
Spontaneous’or ‘Ruptures, Spontaneous’ or spontaneous rupture or spontaneous ruptures  AND hepatectomy or hepatectomies or liver
resection or surgery . We checked reference lists of primary original studies and review articles manually to identify further related articles. Two
of the authors (WZ, CS) independently carried out a systematic review of the literature.

 

Study selection
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The following inclusion criteria were used to select included studies: 1.Original complete publications in English language with full-text
accessible; 2.The study included patients diagnosed with ruptured HCC who received liver resection; 3. The study reported postoperative
outcome of liver resection (overall survival and/or disease free survival); 4. The study compared directly the postoperative outcome according to
the presence or absence of spontaneous HCC rupture. Both retrospective and prospective studies were considered eligible. Reviews, case
reports, letters, animal or in vitro studies, editorials or expert opinions, and conference abstracts were excluded in the search. Studies published
in languages other than English with no translation readily available were also excluded. If dual (or multiple) studies were reported by the same
institution and/or authors, either the higher quality publication or more recent publication was included in the analysis. Figure 1 summarizes the
process of study identi�cation, inclusion, and exclusion according to PRISMA guidelines.

 

Data extraction and quality assessment

Data regarding the following aspects was extracted: inclusion period of study, countries of origin, methodological quality, trial design, duration
of follow-up, patient numbers, patient characteristics (age, liver cirrhosis, Child-Pugh class, etiology), tumor characteristics (size, number and
vascular invasion), overall survival, disease free survival, morbidity, hospital mortality and recurrence rate. The quality assessment was
performed independently by 2 study investigators (WZ, CS), using the Newcastle–Ottawa Quality Assessment Scale (NOS) for observational
studies. The maximum total score on this scale is 9; studies with scores ≥7 were de�ned as high-quality studies

 

Outcome measures

The primary outcomes evaluated in this meta-analysis were the hazard ratio (HR) for overall survival (OS) and disease-free survival (DFS). OS
was de�ned as the interval from the date of liver resection to the date of death or the last follow-up examination. DFS was de�ned as the time
between the curative resection of HCC and con�rmation of recurrence or death. The secondary outcomes included morbidity, hospital mortality
and recurrence rate.

 

Statistical analysis

The logarithm of the HR with 95% con�dence intervals was used in comparison of the interventions. HR was calculated using the Excel sheet
published by Tierney et al. [17], based on the Parmar method [18] of data extraction from survival curves. Statistical heterogeneity was assessed
using the I2 test. Heterogeneity was de�ned as a P value less than 0.10 or I2 greater than 50%. Sensitivity analysis was conducted by omitting
one study by turn to test the robustness of the primary outcomes. Publication bias was assessed by using the funnel plot visually and Egger’s
regression asymmetry test. We performed preplanned strati�ed meta-analysis on study-related variables to assess sources of heterogeneity.
The following were used as grouping variables for strati�ed meta-analysis: 1) quality of the studies (low vs. high quality); 2) study design
(propensity score matching (PSM) vs non-PSM). A p value of 0.05 or less was considered statistically signi�cant. All analyses were performed
by using Review Manager, version 5.3 (Nordic Cochrane Centre, Oxford, England) and Stata 12.0 (StataCorp, College Station, Tex).

Results
Studies included in meta-analysis

The results of literature search are shown in Fig. 1. Ten retrospective cohort studies published between 1998–2016 were included in the meta-
analysis [6,7,9-14,19,20]. Three of the studies matched samples by PSM to minimize the effect of potential confounders. Table 1 summarizes
the Main characteristics of the included studies. The recruitment period ranged from 1977 to 2013. Among 10 included studies, 1 was
multicenter and 9 single-center. All studies were conducted in East Asia. Five of these ten studies were from Japan, four from China and one
from Korea. Ten studies reported the data of postoperative overall survival and seven studies showed the data of postoperative disease-free
survival. Each of the studies was independently assessed using the NOS and 7 studies (70%) were high quality with scores ranging from 7 to 8.

 

Characteristics of the studied patients

The total number of patients across all the studies was 3222, of which 377 patients with ruptured HCC and 2845 patients with non-ruptured
HCC underwent hepatectomy. Six studies recorded liver cirrhosis. In a �xed model, there was no signi�cant difference between the ruptured and
non-ruptured HCC group (I2 = 7%, OR=0.84, 95% CI 0.66-1.08, P=0.12). Five studies recorded liver function. There was no signi�cant difference in
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the percentage of Child-Pugh A between the two group (I2 = 6%, OR=1.05, 95% CI 0.68-1.62, P=0.84). The percentage of the patients with
hepatitis B infection (OR=1.07, 95% CI 0.78-1.46, P=0.67) and with multiple nodules (OR=0.93, 95%CI 0.68-1.28, P = 0.67) was similar between
the two group. Patients in the ruptured HCC group (33.4%) had a higher prevalence of macrovascular invasion in comparison with patients in
the non-ruptured HCC group (23.1%), resulting in an OR of 1.51 (I2 = 40%, 95%CI 1.16-1.96, P = 0.002).

 

Overall survival

Data on OS was available in nine out of the ten studies. The meta-analysis revealed a statistically signi�cant poorer OS for the patients with
ruptured HCC compared to the patients with non-ruptured HCC. The pooled HR for OS calculated was 2.02 (95%CI 1.61-2.54, P < 0.00001)
(Fig.2A). No evidence of publication bias was detected by visual examination of funnel plot (Fig.2B) and with Egger’s test (P = 0.466). 

There was moderate, borderline signi�cant heterogeneity for this analysis of OS (P = 0.05; I2 = 48%). Strati�ed meta-analysis showed that
heterogeneity was largely attributable to the quality of the studies assessed by NOS (test for subgroups difference: P = 0.007) (Fig.3A). Both
studies with high and low quality showed that ruptured HCC was associated to the poorer OS after liver resection, being pooled HR, respectively,
of 1.65 (95% CI: 1.40-1.95; P < 0.00001) and 2.50 (95% CI: 1.94-3.23; P < 0.00001). 

Strati�ed meta-analysis according to PSM analysis showed stable results and no heterogeneity among studies with PSM analysis versus non-
PSM (test for subgroups difference: P = 0.48) (Fig.4A). In the pooled analysis, both the 6 non-PSM studies and 3 PSM studies demonstrated
patients in the non-ruptured HCC group had signi�cantly higher OS than the ruptured HCC group (P < 0.00001 and P=0.02, respectively). Of note,
the studies with PSM analysis provided a lower estimate of the postoperative death risk associated with ruptured HCC, as compared to studies
with non-PSM studies (P = 0.02 vs P < 0.00001) 

Sensitivity analysis conducted by excluding each article once per time did not change the main summary estimate.

 

Disease free survival

DFS was reported by six studies. The meta-analysis revealed that patients in the ruptured HCC group had a signi�cantly poorer DFS than
patients in the non-ruptured HCC group, with a pooled HR of 1.92 (I2 = 22%, 95% CI 1.56-2.35, P <0.00001) (Fig.5A). There was not signi�cant
heterogeneity in this analysis (P=0.27; I2 =22%). No evidence of publication bias was found (Fig.5B). 

Strati�ed meta-analysis according to the quality of the studies showed that ruptured HCC was associated with a poorer DFS after liver resection
in both studies with high and low quality. The pooled HR of the different quality studies was 1.91 (95% CI: 1.52-2.40; P < 0.00001) and 1.94
(95% CI: 1.22-3.11; P = 0.005), respectively (Fig.3B). 

Strati�ed meta-analysis according to PSM analysis showed DFS in the ruptured HCC group was signi�cantly poorer than the non-ruptured HCC
group in the non-PSM subgroup, with a HR of 2.13 (I2 = 0%, 95% CI 1.70-2.67, P <0.00001). On the other hand, meta-analysis of two PSM studies
showed that there was not signi�cant difference in the DFS between the two groups. The pooled HR was 1.18 (I2 = 0%, 95% CI 0.73-1.92,
P=0.50) (Fig.4B). 

Sensitivity analysis performed by elimination of each article once per time did not show signi�cant deviations in overall summary estimate.

 

Morbidity, mortality and recurrence rate

Yang T et al [6] and Liu CL et al [7] reported similar postoperative morbidity between the two groups. Pooled analysis of these two studies
demonstrated the morbidity to be 29.5% (n=52/176) in the ruptured HCC group and 29% (n=422/1454) in the non-ruptured HCC group (OR=1.07,
I2 = 18%, 95%CI 0.76-1.51, P = 0.70) (Fig.6A). 

Three studies reported hospital mortality. Patients in the ruptured HCC group (5.5%) had a higher mortality than the non-ruptured HCC group
(3.2%), but the difference was not statistically signi�cant (OR=1.89, I2 = 0%, 95%CI 1.01-3.52, P = 0.05) (Fig.6B). 

Six studies reported postoperative recurrence rate. Among them, Liu CL et al [7] only reported extrahepatic recurrence rate. They found that there
was signi�cantly more extrahepatic recurrence in the ruptured group than the non-ruptured group (45.5% vs 25.8%, P=0.015). Pooled analysis of
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the other �ve studies demonstrated patients in the ruptured HCC group had a higher recurrence rate than the non-ruptured HCC group (75.8% vs
60.0%), however, the difference was not signi�cant (OR= 1.76, I2 = 55%, 95% CI 0.97-3.2, P=0.06) (Fig.6C).

Discussion
The results of this systematic review and meta-analysis demonstrated a statistically signi�cant poorer OS and DFS for patients with ruptured
HCC compared to the patients with non-ruptured HCC. Subgroup analysis was performed based on the study design (PSM or non-PSM). Both
the PSM and non-PSM studies demonstrated a signi�cantly poorer OS in the ruptured HCC group. However, meta-analysis of two PSM studies
showed that there was not signi�cant difference in the DFS between the two groups. In addition, patients in the ruptured HCC group had a
higher mortality and recurrence rate than the non-ruptured HCC group, but the difference was not signi�cant (P = 0.05 and P = 0.06,
respectively). 

Whether HCC rupture affects patient’s overall survival and tumor recurrence after liver resection is still unclear and inconsistent from different
reports. Liu et al. [7] reported a signi�cantly poorer OS among 33 patients with ruptured HCC who underwent LR than that among the patients
with no history of tumor rupture during the same period. Yang T et al. [6] found that the ruptured HCC group had signi�cantly lower OS and
recurrence-free survival (RFS) than the non-ruptured HCC group. Other studies have shown similar �ndings [8,21]. However, Yeh CN et al. [19]

reported that patients in the non-ruptured group had a similar overall survival as those in the ruptured HCC group, but signi�cantly better DFS.
Studies from other centers also found no signi�cant difference between the two groups of patients in the OS and DFS [9-14]. The present meta-
analysis has revealed a signi�cantly poorer prognosis in patients with ruptured HCC compared to those with non-ruptured HCC.   

Comparing surgical outcomes between spontaneously ruptured HCC and non-ruptured HCC is di�cult because discrepancies in patient
backgrounds and liver function might signi�cantly in�uence the prognosis. The ruptures were more frequently observed in patients with liver
cirrhosis, a higher AFP concentration, larger tumor, higher tumor stage and poorer liver function and poorly differentiated HCC [8,11,19,21-23]. Our
pooled results showed that patients in the ruptured HCC group had a higher prevalence of macrovascular invasion in comparison with patients
in the non-ruptured HCC group (P = 0.002). These tumor-related factors (tumor size, location, portal vein tumor thrombosis, and α-fetoprotein
level) and host-related factors (the degree of liver damage) have been established as the predictors of long-term survival after LR for patients
with HCC [24-26]. Ruptured HCC might represent a more advanced tumor stage. These may be the reason why the outcome of ruptured HCC after
LR has been poorer than that of non-ruptured HCC. 

In order to reduce or eliminate the confounding effects due to the difference in patients’ backgrounds, liver function as well as tumor-related
factors and clarify the impact of the ruptured HCC on postoperative prognosis, propensity score-matching (PSM) analysis were performed in
three recent studies [12-14]. After PSM, no statistically signi�cant difference in the OS and DFS was observed between the non-ruptured and
ruptured HCC patients. Our subgroup analysis of three PSM studies showed that the patients in the ruptured HCC group had signi�cantly poorer
OS than the non-ruptured HCC group. Of note, the studies with PSM analysis provided a lower estimate of the postoperative death risk
associated with ruptured HCC, as compared to studies with non-PSM studies (P=0.02 vs P<0.00001). These results demonstrated that in
addition to tumor rupture itself, other tumor-related factors and host-related factors can also have a negative impact on patient survival. 

One of the mechanisms of rupture has been reported to be venous occlusion by a tumor thrombus, causing an increase in pressure within the
tumor [27-29]. Theoretically, tumor rupture can result in early spread of the tumor cells, a higher incidence of eatrahepatic recurrence and poor
prognosis. Consistent with these expectations, Miyoshi A et al. [30] found that total recurrence and early recurrence were higher in ruptured HCC
group than non-ruptured HCC group. Sada H et al. [14] reported that ruptured HCC patients had a signi�cantly higher cumulative risk of
recurrence than non-ruptured HCC patients. Different from these results, two recently published PSM studies reported that there was no
signi�cant difference in the pattern of recurrence between the two groups [12,13]. Our subgroup analysis of two PSM studies has shown similar
�ndings. 

Rupture itself has been regarded as a worse prognostic factor. All ruptured HCC is de�ned as T4 in the staging system issued by the AJCC/UICC
[5]. However, this classi�cation has been questioned. Aoki et al. [22] analyzed the data of 1106 patients with ruptured HCC extracted from the
database of a nationwide survey in Japan. The results suggested the TNM stage of spontaneously ruptured HCC corresponded to an additional
0.5–2.0 TNM stage added to the baseline TNM stage. Chan WH et al. [31] retrospectively reviewed 221 patients with T4 HCC. The results
indicated that patient with ruptured HCC had better overall survival than those with locally invasive tumors but without ruptures. Of note, the
patients who underwent all treatments were included in Aoki’s and Chan’s studies. Several studies investigated the medical records of the
patients who underwent primary hepatecomy for HCC. Yoshida H et al. [20] found that the cumulative survival rate in the patients with stage 4
disease in the non-ruptured group was lower than that in patients in the ruptured group. Uchiyama et al. [32] reported that the patients with
ruptured HCC tended to experience better RFS and OS than did the patients with non-ruptured stage IV A. Tumor rupture was neither a risk factor
for tumor recurrence nor for OS in multivariate analyses. A retrospective study from Hong Kong [15] showed that tumor rupture was the
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independent risk factor for poor OS when tumors <10 cm. When the tumor grew beyond 10 cm, the negative prognostic value of rupture
diminished and the poor prognosis would be determined by the other unfavorable tumor features. 

This meta-analysis has a number of limitations. The number of studies in the meta-analysis was small. All studies included were retrospective
analyses from single centers in Asian. There will have been an inherent selection bias in each of the studies. Due to the difference of HCC
etiologies and treatment, the current results may not be generalizable to Western population. The number of patients with ruptured HCC was
much smaller than those with non-ruptured HCC and this limits to some extent the precision of the results. Furthermore, clinical heterogeneity
with regards to the patient populations remains a major confounding factor.

Conclusion
To the authors knowledge, this is the �rst meta-analysis to speci�cally examine the impact of spontaneous HCC rupture on surgical outcome
after liver resection. The results suggested that both OS and DFS of ruptured HCC were inferior to that of non-ruptured HCC in the pooled
analysis. Patient’s surgical prognosis after liver resection was not only affected by tumor ruptured itself, but also by other tumor-related and
host-related factors. Allocation of all ruptured but resectable tumors to T4 stage would overestimate the disease severity and ignore the effects
of other tumor biological factors.
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Table
Table 1. Main characteristics of studies included in this systematic review

udy Country Study

design

Period Group Number Age Cirrhosis Chilld A
(%)

HBV

(%)

HCV

(%)

Vascular

invasion

Size(cm)

or >
5cm(%)

Multiple

nodules

Study
quality
(NOS
score)

huto T,

998

Japan Retrospective 1981-
1996

R 10 63 4(40%) NA NA NA NA 7.5 NA 5

      NR 179 NA NA NA NA NA NA 6.2(3.8-
16)

NA  

u CL,

001

Hongkong,
China

Retrospective 1989-
1998

R 33 50 NA NA 82% NA 55% 10(2.5-
15)

NA 7

    NR 364 54 NA NA 83% NA 43% 7(0.5-
25)

NA  

eh CN,
002

Taiwan,
China

Retrospective 1986-
1998

R 60 50.3 35(59.3%) 78.7% 61.1% 37.5% 41.1% 7±5 NA 8

    NR 475 53.7 245(52%) 84.7% 70.7% 36.1% 33.3% 6±4 NA  
izuno
2004

Japan Retrospective 1977-
2002

R 6 53.8 NA 5 (83.3%) 50.0% 16.7% 83.3% 5.5±1.3 NA 7

      NR 15 60.6 NA 13(86.7%) 20.0% 66.7% 40.0% 3.9±2.6 NA  
oshida
 2008

Japan Retrospective 1986-
2002

R 8 NA NA NA NA NA NA NA NA 6

      NR 174 NA NA NA NA NA NA NA NA  
hang
F 2012

China Retrospective 2000-
2009

R 41 42.9 24(58.5%) NA 85.4% 4.9% 2.4% 75.6% 4(9.8%) 6

      NR 446 50.5 285(63.9%) NA 73.8% 1.6% 10.8% 43.5% 96(21.5%)  
ang T

013

China Retrospective 2000-
2009

R 143 49 86 (60.1%) 92.3% 89.4% 1.4% 25.2% 8 (3–20) 46(32.2%) 8

      NR 1090 51 762(69.9%) 88.3% 90.4% 2.5% 15.8% 5.2 (1–
23)

323(29.6%)  

ee HS
014

Korea Retrospective 2000-
2012

R 18 53 11(61.1%) NA 88.9% 0 44.4% 6.1(3.0-
15.0)

6(33.3 %) 8

  PSM   NR 37 52 21(56.8%) NA 83.8% 0 35.1% 6.5(0.9-
18.0)

20(54.1 %)  

anaka
2016

Japan Retrospective 2000-
2013

R 42 65 13(31%) 95.2% 45% 33% 45.2% 5.4(2.2-
18)

8(19%) 8

  PSM   NR 42 65 14(33%) 97.6% 36% 36% 23.8% 4.4(2.0-
18)

7(16.7%)  

ada H,

016

Japan Retrospective 1986-
2013

R 14 60.9 11(78.6%) 9(64.3%) NA NA 57.1% 9.6±1.7 6(42.9%) 8

  PSM   NR 14 62 10(71.4) 11(78.6%) NA NA 85.7% 10.4±1.7 5(35.7%)  

R, ruptured HCC; NR, non-ruptured HCC; HBV, hepatitis B virus-positive; HCV, hepatitis C virus-positive; NOS, Newcastle–
Ottawa Scale; NA, not assessed
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Figure 1

PRISMA Flow chart for selection of studies included in meta-analysis.
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Figure 2

A: Forest plot and B: Funnel plot comparing the overall survival after liver resection between the ruptured HCC group and non-ruptured HCC
group.
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Figure 3

Strati�ed meta-analysis according to the quality of the studies assessed by NOS (Low vs. High quality). Panel A: Overall survival; Panel B:
Disease free survival
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Figure 4

Strati�ed meta-analysis according to the PSM analysis in the studies (PSM vs. non-PSM). Panel A: Overall survival; Panel B: Disease free
survival
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Figure 5

A: Forest plot and B: Funnel plot comparing the disease free survival after liver resection between the ruptured HCC group and non-ruptured HCC
group.
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Figure 6

Forest plot comparing A: Morbidity, B: Mortality and C: Recurrence rate after liver resection between the ruptured HCC group and non-ruptured
HCC group.


