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Abstract

AIM: To investigate the risk factors and surgical out-
comes for spontaneous rupture of Barcelona Clinic Liver
Cancer (BCLC) stages A and B hepatocellular carcinoma
(HCO).

METHODS: From April 2002 to November 2006, 92
consecutive patients with spontaneous rupture of BCLC
stage A or B HCC undergoing hepatic resection were
included in a case group. A control arm of 184 cases
(1:2 ratio) was chosen by matching the age, sex, BCLC
stage and time of admission among the 2904 consecu-
tive patients with non-ruptured HCC undergoing hepatic
resection. Histological confirmation of HCC was avail-
able for all patients and ruptured HCC was confirmed
by focal discontinuity of the tumor with surrounding
perihepatic hematoma observed intraoperatively. Pa-
tients with microvascular thrombus in the hepatic vein

Baishidenge ~ WJG | www.wjgnet.com

branches were excluded from the study. Clinical data
and survival time were collected and analysed.

RESULTS: Sixteen patients were excluded from the
study based on exclusion criteria, of whom 3 were in
the case group and 13 in the control group. Compared
with the control group, more patients in the case group
had underlying diseases of hypertension (10.1% vs
3.5%, P = 0.030) and liver cirrhosis (82.0% vs 57.9%,
P < 0.001). Tumors in 67 (75.3%) patients in the case
group were located in segments II, I and VI, and
the figure in the control group was also 67 (39.7%) (P
< 0.001). On multivariate analysis, hypertension (HR
= 7.38, 95%CI: 1.91-28.58, P = 0.004), liver cirrhosis
(HR = 6.04, 95%CI: 2.83-12.88, £ < 0.001) and tumor
location in segments 1I, Il and VI (HR = 5.03, 95%(CI:
2.70-6.37, P < 0.001) were predictive for spontaneous
rupture of HCC. In the case group, the median survival
time and median disease-free survival time were 12
mo (range: 1-78 mo) and 4 mo (range: 0-78 mo), re-
spectively. The 1-, 3- and 5-year overall survival rates
and disease-free survival rates were 66.3%, 23.4%
and 10.1%, and 57.0%, 16.8% and 4.5%, respectively.
Only radical resection remained predictive for overall
survival (HR = 0.32, 95%CI: 0.08-0.61, Z = 0.015) and
disease-free survival (HR = 0.12, 95%CI: 0.01-0.73, P
= 0.002).

CONCLUSION: Tumor location, hypertension and liver
cirrhosis are associated with spontaneous rupture of
HCC. One-stage hepatectomy should be recommended
to patients with BCLC stages A and B disease.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: There are few reports concerning the risk fac-
tors associated with spontaneous rupture of hepatocel-
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lular carcinoma (HCC) and the best approach in cases
of ruptured HCC. This retrospective case-control study
showed that three predictive factors including hyper-
tension, liver cirrhosis and tumor location in segments
II, T and VI were associated with spontaneous rup-
ture of HCC. Especially, the relationship between tumor
location and spontaneous rupture of HCC was identified
for the first time.

Li J, Huang L, Liu CF, Cao J, Yan JJ, Xu F, Wu MC, Yan YQ.
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study. World J Gastroenterol 2014; 20(27): 9121-9127 Available
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INTRODUCTION

Hepatocellular carcinoma (HCC) is one of the most
common neoplasms encountered clinically, and its inci-
dence is increasing worldwide because of the increasing
prevalence of hepatitis B and C virus infections'™”. One
of the life-threatening complications of HCC is the
spontaneous rupture of the tumor, with intra-peritoneal
hemorrhage. Spontaneous rupture of HCC occurs in
3%-26% of all patients with HCC, and high mortality
rates in the range of 32%0-6.7% have been reported[m.

There were very few reports of risk factors associated
with spontaneous rupture of HCC. Kim e# a/” reported
that CT findings were associated with an increased risk
of rupture, including a large tumor, a contour protrusion
and portal vein thrombosis, which indicated advanced
HCC. In addition, clinicians often feel helpless when fac-
ing these complicated situations, and previous studies
have shown a very poor prognosis for HCC rupture, with
a 30-d mortality rate in the range of 30%-70%""".

There is still a debate concerning the best approach in
cases of HCC rupture”. Many published studies have re-
ported their various emergency treatments for freshly rup-
tured tumors and the outcomes afterwards™ . The im-
mediate management for ruptured HCC patients usually
includes emergency hepatectomy, hepatic artery ligation,
suture plication, packing hemostasis and transarterial em-
bolization. However, at our hospital, which is a hepatobili-
ary specialty hospital without an emergency department,
most HCC patients with ruptured tumors were admitted
during the routine wotk in outpatient department. The
ruptured tumors were usually indicated by a history of
sudden abdominal pain, and confirmed by imaging diag-
nosis or even in operation. A large series of HCC patients
with ruptured tumors were classified with stages A and
B disease according to the Batcelona Clinic Liver Cancer
(BCLC) classification”, and most of them were suitable
for hepatic resection. We believed that the ruptured BCLC
stages A and B HCCs might differ from those at advanced

stages in risk factors and clinical outcomes.
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Recently, there was a patient with small HCC (3 cm in
diameter, located in the left lateral lobe) admitted in our
department. Surgery was prepared for him. To our sut-
ptise, his blood pressure dropped to 50/20 mmHg and
his abdomen enlarged suddenly when he lay on the oper-
ating table. Tumor rupture was suspected and confirmed
when his abdomen was opened. This case shocked us,
and we hypothesized that the tumor location may be as-
sociated with spontaneous rupture of HCC. We therefore
conducted this retrospective case-control study trying to
investigate the risk factors associated with spontaneous
rupture of BCLC stages A and B HCC, and to reveal the
outcomes after primary hepatectomy during a 10-year pe-
riod at a single center in China.

MATERIALS AND METHODS

BCLC classification

HCC was stratified according to the BCLC staging clas-
sification. The following categories were used. Stage A
includes single tumors smaller than 5 cm in diameter or
up to 3 tumors all smaller than 3 cm in diameter. Stage B
includes up to 3 tumors (= 1 of which is > 3 cm in di-
ameter) or more than 3 tumors of any size. Single tumors

exceeding 5 cm in diameter are included in stage B as well
based on the article by Bruix and Llovet".

Patients
From April 2002 to November 2000, a total of 200 con-
secutive patients with spontaneously ruptured HCC vis-
ited the Eastern Hepatobiliary Surgery Hospital. Among
them, 92 were classified with stages A and B disease
according to the BCLC classification and underwent he-
patic resection. A control arm of 184 cases (1:2 ratio) was
chosen by matching the age, sex, BCLC stage and time of
admission among the 2904 consecutive patients seen in
our hospital with non-ruptured HCC undergoing hepatic
resection. Histological confirmation of HCC was avail-
able for all patients and ruptured HCC was confirmed by
focal discontinuity of the tumor with surrounding peri-
hepatic hematoma observed intraoperatively. The tumor
tissue samples of all the 276 patients were reviewed by
a pathologist, and those with microvascular thrombus in
the hepatic vein branches were excluded from the study.
Clinical data of all patients were retrospectively col-
lected, including underlying diseases, laboratory blood
test results, intraoperative parameters and postoperative
pathological findings. Overall survival time and disease-
free survival time were obtained by follow-up. The liver
function status was evaluated using the Child-Pugh score
system. Tumor location was determined according to the
Couinaud’s classification to segment the liver.

Statistical analysis

Continuous data are expressed as mean = SD or median
(range) where appropriate and compared using the inde-
pendent sample #test. Categorical variables were com-
pared using the Zz test with Yates correction or the Fisher
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Table 1 Comparison of clinical data between patients with and

without spontaneous rupture of hepatocellular carcinoma 7 (%)

Variable Case group Control group P value
(n = 89) n=171)
Age (yr) 485+11.2 50.3 +11.5 0.215
Sex (M/F) 83/6 151/20 0.206
Diabetes 0.626
Yes 3 167
No 86 4
Hypertension 0.030
Yes 9 6
No 80 165
HBsAg status 0.19%5
Positive 82 151
Negative 7 20
Liver cirrhosis <0.001
Yes 73 99
No 16 72
Child-Pugh 0.148
classification
A 84 159
B 5 12
Tumor BCLC 0.653
classification
A 31 68
B 58 103
Tumor size (cm) 81+£3.1 6.5+4.2 0.001
Tumor location" <0.001
Segment I 2 1
Segments Mand I 20 16
Segment VI 47 52
Segments IV, V, VI and 20 102
VI
Tumor protrudes from 0.138
liver surface
Yes 45 70
No 44 101
Satellite nodule(s) 0.288
Yes 29 45
No 60 126
AFP (ng/mL) 138.5 (1.8, 20181.0) 73.8 (2.4, 224492.0)  0.102
WBC (x 10°/L) 57+25 59+1.8 0.381
PLT (x 10°/L) 154.7 £71.8 147.0 £61.3 0.112
Total bilirubin (umol/L) 21.67 £3.25 13.57 £4.33 0.104
Albumin (g/L) 39.18 £3.16 40.52 + 3.45 0.624
ALT (IU/L) 55.5 +49.0 60.5 +51.0 0.447
PT (s) 13.0+1.5 132+15 0.286
BUN (mmol/L) 6.01+0.39 5.93 +1.01 0.342
Cr (umol/L) 71.65 £12.51 74.72 £19.46 0.179
Types of liver resection 0.199
Minor < 3 liver 70 120
segments
Major = 4 liver 19 51
segments
Radical resection 0.011
Yes 80 163
No 9 8
Inflow blood occlusion 154 +6.9 154+7.0 0.993
time (min)
Blood loss (mL) 550 (300, 3200) 200 (50, 2000) 0.011
Blood transfusion 38/51 29/142 <0.001
(yes/no)
Tumor grade 3/86 20/151 0.025
(land I /1 and IV)*
30-d mortality 1(1.1) 1 (0.6) 0.079

'"Couinaud’s classification to segment the liver; ’Edmondson-Steiner
classification. HCC: Hepatocellular carcinoma; BCLC: Barcelona Clinic
Liver Cancer; AFP: Alpha-fetoprotein; WBC: White blood cell; PLT: Platelet;
ALT: Alanine aminotransferase; PT: Prothrombin time; BUN: Blood urea
nitrogen; Cr: Creatinine.
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exact test where appropriate. P < 0.05 was considered
significant. Hazard ratios (HRs) and their corresponding
95%Cls were calculated using simple logistic-regression
analysis. Baseline factors associated with a P value < 0.1
in the univariate analysis were sequentially entered into
the multivariate logistic regression analysis to indicate the
relatively independent risk factors.

Survival rates were obtained by the Kaplan-Meier
method and were compared using the log-rank test. A Cox
regression model was used to analyse the prognostic pre-
dictors for survival. Survival time and disease-free survival
time started from the date of hepatic resection until death
and the diagnosis of recurrence or the closing date. The
closing date of this study was March 31, 2011.

RESULTS

Clinical data

Sixteen patients were excluded from the study based on
the exclusion criteria, of whom 3 were in the case group
and 13 in the control group. Among the 89 patients with
spontaneous rupture of HCC (case group), mean age was
48.5 £ 11.2 years and 83 (93.3%) were males. The cot-
responding figures for the 171 patients without rupture
(control group) were 50.5 £ 11.4 years and a male preva-
lence of 88.3%. The most common initial symptoms of
spontaneous rupture of HCC were sudden onset of ab-
dominal pain (61 patients, 68.5%). There were 12 (13.5%)
patients who developed hypovolemic shock at admission,
while 16 (18.0%) patients had no symptoms. Emergency
hepatic resection was performed in 12 (13.5%) patients,
while the remaining 77 patients underwent limited one-
stage operation.

The clinical data for the case group and control group
are presented in Table 1. Compared with the control
group, more patients in the case group had underlying
diseases of hypertension (10.1% »s 3.5%, P = 0.030) and
liver cirrhosis (82.0% »s 57.9%, P < 0.001). Tumors in 67
(75.3%) patients in the case group were located in seg-
ments II, Il and VI, and the figure in the control group
was also 67 (39.7%) (P < 0.001). No significant differ-
ences were observed between the case group and control
group with respect to baseline levels of laboratory tests.
Radical resection, defined as a negative margin and no
residual tumor in the liver, was achieved in 80 (89.9%)
patients in the case group, compared with 163 (95.3%)
in the control group (P = 0.011). The 30-d mortality was
1.1% (1/89) in the case group and 0.5% (1/171) in the
control group, and both patients died of liver failure.

Risk factors associated with spontaneous rupture of
HCC

Four variables including hypertension, liver cirrhosis, tu-
mor size = 10 cm, and tumor location in segments II, Il
and VI were selected on multivariate analysis to determine
the independent risk factors associated with HCC rup-
ture. The results showed that hypertension (HR = 7.38,
95%CI: 1.91-28.58, P = 0.004), liver cirrhosis (HR = 6.04,
95%CI: 2.83-12.88, P < 0.001) and tumor location in seg-
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Table 2 Multivariate analysis of variables associated with

spontaneous rupture of hepatocellular carcinoma

Variable HR 95%Cl for HR P value
Hypertension 0.004
Yes 7.38 1.91-28.58
No 1
Liver cirrhosis <0.001
Yes 6.04 2.83-12.88
No 1
Tumor size 0.184
=10 cm 1.62 0.80-3.31
<10 cm 1
Tumor locaction' <0.001
Segments 11, IT and VI 5.03 2.70-6.37
Other segments 1

'Couinaud’s classification to segment the liver. HCC: Hepatocellular carci-
noma; HR: Hazard ratio; CI: Confidence interval.

ments II, Il and VI (HR = 5.03, 95%CI: 2.70-6.37, P <
0.001) were predictive for spontaneous rupture of HCC
(Table 2).

Surgical outcomes

At the closing date of the study, 80 (89.9%) patients in
the case group and 119 (69.6%) in the control group
died. The median survival time (MST) and median dis-
ease-free survival time (MDST) of patients in the case
group were 12 mo (range: 1-78 mo) and 4 mo (range: 0-78
mo), respectively, while the figures in the control group
were 51 mo (range: 1-104 mo) and 24 mo (range: 1-87
mo), respectively. The 1-, 3- and 5-year overall survival
rates were 66.3%, 23.4% and 10.1% in the case group,
compared with 85.4%, 63.2% and 46.3% in the control
group (P < 0.001). In addition, the 1-, 3-, and 5-year
disease-free survival rates in the case group were 57.0%,
16.8% and 4.5%, respectively, while they were 65.7%,
39.2% and 27.5% in the control group (P = 0.049) (Figure
1).

Nine variables were selected on multivariate analysis
to determine the prognostic predictors of survival in
patients with spontaneously ruptured HCC (Table 3).
Only radical resection remained statistically predictive for
overall survival (HR = 0.32, 95%CI: 0.08-0.61, P = 0.015),
as well as for disease-free survival (HR = 0.12, 95%CI:
0.01-0.73, P = 0.002).

DISCUSSION

Risk factors for spontaneous rupture of HCC
Spontaneous rupture of HCC is one of the most com-
mon and life-threatening emergencies in liver surgery.

However, there were very few studies investigating the
risk factors associated with this dreaded complication
of HCC. A commonly accepted mechanism of rupture
described by Zhu e al'” is that it is initiated by invasion
and occlusion of the hepatic veins by tumor cells, which
results in increased pressure within the tumor mass. The
venous congestion in combination with various factors,
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such as central tumor necrosis, trauma and coagulopa-
thy, leads to hemorrhage within the tumor. This further
increases the pressure in the tumor and results in split-
ting of the overlying liver parenchyma and rupture at
the surface. We think that this hypothesised mechanism
may account for spontaneous rupture of advanced HCC
when the hepatic vein is invaded by the tumor. Moreover,
rupture of advanced HCC may cause heavy bleeding, and
thus the patients are more likely to seek emergency care.
In the present study, we included patients with BCLC
stages A and B HCC which had no vascular invasion,
and the results showed some other risk factors associated
with spontaneous rupture of HCC.

In our series, we noticed that most ruptured tumors
were located in the left lateral lobe (segments I and III,
n = 20) and the right posterior inferior lobe (segment
VI, #n = 47), resulting in a proportion of 75.3%, and tu-
mor location in segments II, IIl and VI were predictive
for spontaneous rupture of HCC. According to gross
anatomy, the shape of the liver is similar to a wedge.
Compared with the other parts of the liver, either the left
lateral lobe (segments I and 1) or the right posterior
inferior lobe (segment VI) is a “small room” restricted by
the capsule of the liver. Therefore, when the tumor there
becomes larger than the “room”, the inner pressure of
the tumor can break the local capsule. Sometimes a strike
from outside may lead to the rise of the pressure on the
basis of “small room and big guest”, and cause rupture
of the tumor as well. We also found that there was almost
no overlying liver parenchyma on the ruptured tumor,
neither was it showed by imaging examination nor found
in operation. Especially, we did not find any “tunnel”-
like tumor tissues at the most possible spot of rupture.
Chen ¢z @l also reported that left-lobe tumors presented
a higher risk of rupture. So we doubt that hepatic vein
occlusion is a main factor to initiate the rupture of HCC.
Instead, we think that the differences in mechanics due to
tumor location may play a major role in the pathogenesis
of tumor rupture.

Previous studies have reported that the maximum
tumor size > 5 cm was one of the risk factors predicting
rupture of HCCP?, Interestingly, in our study, tumor
size = 10 cm was not a predictive factor for HCC rup-
ture, while the underlying diseases of hypertension and
liver cirrhosis were predictive for spontaneous rupture
of HCC. Moreover, some tumors as small as 2 cm have
been found to rupture, which was consistent with a
report by Tanaka ¢z a/'”. Tt is difficult to explain how a
small HCC located in the periphery would rupture zia the
above mechanism. More recent studies suggested that
underlying vascular dysfunction may play a role!"”. The
vessels in the ruptured HCC tend to be more friable due
to increased collagenase expression and increased colla-
gen IV degradation[m. Our results are consistent with this
proposed mechanism, and we think the reasons may be
as follows. A long history of hypertension always causes
injury of the blood vessels, making them more friable. In
addition, patients with liver cirrhosis always have undetly-

July 21, 2014 | Volume 20 | Issue 27 |



Li J et a/. Risk factors and surgical outcomes for spontaneous rupture of HCC

A 10| Ruptured HCC B 10| Ruptured HCC
1 No Il No
I Yes Il Yes

08 - + No-censored 0.8 - + No-censored
_ + Yes-censored © + Yes-censored
© z
g 06 ¢ P < 0.001 z 06r P =0.049
3 8
S 04 g 04
> ©
o) &

2
0.2 0.2 +
0.0 0.0 -
1 1 1 1 1 1 1 1 1 1 1 1 1
0 20 40 60 80 100 120 0 20 40 60 80 100
Months after hepatic resection Months after hepatic resection
MST (mo) MDST (mo) 1-, 3-, 5-yr OS 1-, 3-, 5-yr DFS

Case group 12 (1-78) 4 (0-78) 66.3%, 23.4%, 10.1% 57.0%, 16.8%, 4.5%
Control group 51 (1-104) 24 (1-87) 85.4%, 63.2%, 46.3% 65.7%, 39.2%, 27.5%

Figure 1 Overall survival (A) and disease-free survival (B) in patients with barcelona clinic liver cancer stages A and B hepatocellular carcinoma with or with-
out rupture. HCC: Hepatocellular carcinoma; MST: Median survival time; MDST: Median disease-free survival time; OS: Overall survival; DFS: Disease-free survival.

Table 3 Predictors of survival on multivariate analysis using a Cox regression model in patients with spontaneous rupture of

hepatocellular carcinoma

Variable Overall survival Disease-free survival
HR 95%Cl P value HR 95%Cl P value

Age 1.01 0.99-1.03 0.348 1.02 0.99-1.05 0.097
Liver cirrhosis (yes vs no) 1.05 0.55-2.03 0.878 1.29 0.54-3.09 0.566
BCLC stage (stage A vs stage B) 1.35 0.60-3.06 0.470 113 0.41-3.07 0.817
Tumor size 0.96 0.88-1.06 0.456 0.92 0.81-1.05 0.235
Tumor location 1.02 0.59-1.76 0.936 1.24 0.64-2.42 0.524
Satellite nodule(s) (yes vs no) 0.77 0.46-1.27 0.299 0.76 0.39-1.47 0.413
Blood loss 1.00 1.00-1.00 0.085 1.00 1.00-1.00 0.940
Blood transfusion (yes vs no) 1.00 0.51-1.98 0.994 1.12 0.49-2.59 0.788
Radical resection (yes vs no) 0.32 0.08-0.61 0.015 0.12 0.01-0.73 0.002

HCC: Hepatocellular carcinoma; HR: Hazard ratio; CI: Confidence interval; BCLC: Barcelona clinic liver cancer.

ing coagulopathy. Both of them would lead to hemor-
rhage within the tumor and then initiate tumor rupture.

Survival of patients with spontaneous rupture of HCC
Spontaneous rupture of HCC can be a fatal complica-
tion of HCC. Previous studies have shown a very poor
prognosis, with 30-d mortality rates in the range of
30%-70%""****, The present study included patients
with BCLC stages A and B HCC, and an overall 30-d
mortality rate of 1.1% (one patient) was observed, which
was much lower than those in previous reports.

Several studies have demonstrated that emergency he-
patic resection for ruptured HCC may achieve long-term
survival®**', In another series, the 1- and 3-year survival
rates for patients who underwent emergency resection
were only 60% and 42%, rcspectively[zz]. The MST of
patients with ruptured HCC who had been treated by
hepatectomy in the range of 1.2-25.7 mo has been re-
portedwﬂ, In two case series of delayed resection for
ruptured HCC from Japan, no in-hospital mortality was
observed, and 1- and 3-year survival rates of 71%-77%
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and 48%-54%, respectively, were achieved ™!, It seems
that hepatic resection was the most valuable treatment
for patients with ruptured HCC, irrespective of emergen-
cy ot delayed operation. However, there is still a dispatity
concerning the prognosis for these patients undergoing
hepatic resection, because the surgical outcomes may be
complicated by the stage of HCC and the inclusion of
transarterial embolization in the treatment algorithm.

In our series, all the patients with ruptured HCC un-
derwent one-stage hepatic resection without initial treat-
ments. The MST and MDST were 12 mo and 4 mo, re-
spectively, and the 1-, 3- and 5-year overall survival rates
were 66.3%, 23.4% and 10.1%, respectively. The results
were much worse than those patients with non-ruptured
HCC undergoing hepatic resection, although recent
studies have stated that the long-term survival for rup-
tured HCC may be equivalent to non-ruptured HCC,
We think the reason may be as follows. The ruptured
HCC always stays in the “small room”, the increased in-
ner pressure of the tumor not only causes tumor rupture
but also causes intrahepatic metastasis. Considering that
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patients with ruptured HCC harbor advanced disease
at presentation, the incidence of coexisting cirrhosis is
high, and peritoneal seeding may occur at the time of
rupture. The current tumor-node-metastasis staging
system classifies ruptured HCC as T4 and as stage IV
P which indicated advanced stage. Therefore, we think
the results attained from our series are acceptable and
one-stage hepatic resection should be recommended to
patients with resectable ruptured HCC at BCLC stages
A and B.

Furthermore, this study identified that radical resec-
tion remained predictive for surgical outcomes in patients
with ruptured HCC. Inversely, some other acknowledged
prognostic factors like BCLC stage, tumor size and satel-
lite nodule(s) in non-ruptured HCC were not demon-
strated to be statistically significant in ruptured HCC,
suggesting that ruptured HCC may differ from non-
rupture HCC in biological behaviour and pathological
characteristics.

In summary, this retrospective case-control study
showed that three predictive factors including hyperten-
sion, liver cirrhosis and tumor location in segments II,
Il and VI were associated with spontaneous rupture of
HCC. Especially, the relationship between tumor location
and spontaneous rupture of HCC was identified for the
first time, which challenges the well-known concept that
the congestion of hepatic venous vein is a main factor to
initiate the rupture of HCC. Once the risk factors were
determined, the next step we want to do is to determine
whether we can adopt some measures to prevent tumor
rupture in these patients. Although the surgical outcomes
in patients with ruptured HCC was much worse than
those without, we still think one-stage hepatic resection
should be recommended to patients with ruptured HCC
at BCLC stages A and B.
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