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Abstract

AIM: To evaluate the prognostic factors in patients
with spontaneously ruptured hepatocellular carcinoma
(HCO).

METHODS: Seventy-nine patients experiencing
spontaneous rupture of HCC between April 2004 and
August 2014 were enrolled in this study. The clinical
features, treatment modalities and outcomes were
reviewed. The statistical methods used in this work
included univariate analysis, Kaplan-Meier survival
analysis with log-rank tests, and multivariate analysis
using a Cox regression hazard model.

RESULTS: Of the 79 patients with HCC rupture, 17
(21.5%) underwent surgery, 32 (40.5%) underwent
transarterial embolization (TAE), and 30 (38%) received
conservative treatment. The median survival time
was 125 d, and the mortality rate at 30 d was 27.8%.
Multivariate analysis revealed that lesion length (HR =
1.46, P < 0.001), lesion number (HR = 1.37, P = 0.042),
treatment before tumor rupture (HR = 4.36, 2 = 0.019),
alanine transaminase levels (HR = 1.0, # = 0.011),
bicarbonate levels (HR = 1.18, P < 0.001), age (HR =
0.96, P = 0.026), anti-tumor therapy during the follow-
up period (HR = 0.21, P = 0.008), and albumin levels
(HR = 0.89, Z = 0.010) were independent prognostic
factors of survival after HCC rupture. The Barcelona-
Clinic Liver Cancer (BCLC) stage was also an important
prognostic factor; the median survival times for BCLC
stages A, B and C were 251, 175 and 40 d, respectively
(P < 0.001).
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CONCLUSION: Anti-tumor therapy during the follow-
up period, without a history of anti-tumor therapy
prior to HCC rupture, small tumor length and number,
and early BCLC stage are the most crucial predictors
associated with satisfactory overall survival. Other
factors play only a small role in overall survival.

Key words: Hepatocellular carcinoma; Rupture; Prognosis;
Surgery; Transarterial embolization
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Core tip: The most important predictors of survival in
patients with spontaneous rupture of hepatocellular
carcinoma (HCC) are continuous anti-tumor therapies
during the follow-up period, tumor length and number,
Barcelona-Clinic Liver Cancer stage, and a history of
anti-tumor therapies prior to HCC rupture. Therefore,
the present study may provide useful information
for doctors making judgments on the prognosis of
spontaneously ruptured HCC.

Han XJ, Su HY, Shao HB, Xu K. Prognostic factors of
spontaneously ruptured hepatocellular carcinoma. World J
Gastroenterol 2015; 21(24): 7488-7494 Available from: URL:
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a common
tumor and is a major health problem worldwide!*.
One of the life-threatening complications of HCC
is spontaneous tumor rupture with catastrophic
intraperitoneal hemorrhage. Given the advances in
treatment and increased early detection of HCC, the
incidence of spontaneous HCC rupture has decreased
to approximately 3%-15%, but mortality rates remain
high (range: 25%-75%) during the acute phase!**. If
left untreated, the median survival is only 1.2 to 4 mo,
and the prognosis is very poor'.

To improve our understanding of HCC rupture, a
number of studies have been conducted to identify
possible predictive factors'*®”), Age, tumor cha-
racteristics, tumor stage, hemoglobin levels, hepatic
function, renal function, and treatment modality at
the time of tumor rupture have been considered
possible predictors for spontaneous rupture of HCC.
These factors also play important roles in deciding the
treatment modality at the time of tumor rupture. From
our perspective, treatment before HCC rupture and
therapies during follow-up are also important factors;
however, to the best of our knowledge, no research
has been conducted to evaluate the roles of these
variables on survival after HCC rupture.

Therefore, we conducted this retrospective study
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to evaluate all possible risk factors in patients with
HCC rupture and to identify independent predictors of
survival.

MATERIALS AND METHODS

Between April 2004 and August 2014, seventy-nine
patients (67 males, 12 females; age range: 25-77
years) were initially diagnosed with spontaneous
HCC rupture at our hospital. The diagnostic criteria of
HCC followed the guidelines issued by the American
Association for the Study of Liver Diseases. HCC
rupture was diagnosed as abrupt abdominal pain,
disruption of the peritumoral liver capsule with
enhanced fluid collection in the perihepatic area
adjacent to HCC by contrast enhanced computed
tomography or ultrasound, or when an abdominal
paracentesis showed bloody ascites.

The following patient information at the time of
HCC rupture was reviewed: age, tumor characteristics
on imaging, HCC stage, laboratory data, Child-Pugh
scores, and treatment modality. Other information
including whether the patients received anti-tumor
therapies before tumor rupture or during the follow-up
period, was also recorded. The anti-tumor therapies
included chemotherapy, sorafenib, transarterial
embolization (TAE), and surgery. Tumor characteristics
included the location of the ruptured tumor, the size
of the tumor in its greatest dimension, the number
of intrahepatic nodules, and the presence of liver
cirrhosis. If the number of intrahepatic nodules was
greater than five, it was regarded as five. HCC staging
was performed using the Barcelona Clinic Liver Cancer
(BCLC) staging system. The collected laboratory data
included white blood cell count (WBC), hemoglobin
(HB), platelet count (PLT), international normalized
ratio (INR), activated partial thromboplastin time
(APTT), alanine transaminase (ALT), albumin (ALB),
total bilirubin (TBil), bicarbonate (HCOs") and creatinine
(Crea).

At the time of HCC rupture, the patients immediately
received careful conservative treatment, including
intensive care, anti-shock measures, and assessment
of the patient’s condition. All treatment suggestions
were made according to the clinical judgment of the
doctors and the performance of the patients was
explained to the patients and their family members.
After definite treatment decisions were made by the
patients and their family members, written informed
consent, including the risks and benefits of the
treatment modality, was obtained. Of the 79 ruptured
HCC cases enrolled, 17 (21.5%) underwent surgery,
32 (40.5%) underwent TAE, and the remaining 30
cases (38%) underwent conservative treatment.

The surgical contraindications included uncon-
trolled hemodynamic status, poor liver function,
severe coagulopathy, hepatic encephalopathy, and
poor performance status. Segmentectomy (n = 11,
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Table 1 Univariate analysis of risk factors related to

spontaneous rupture of hepatocellular carcinoma

Variables Patients (7 = 79) P value
Age (yr) 55.8 +12.6 <0.001
Lesion length (cm) 7.7+35 <0.001
Number (1/2-3/ = 5) 39/10/30 <0.001
Location (left lobe/right lobe) 34/45 0.934

Cirrhosis (absence/presence) 30/49 <0.001
Virus (None/HBV/HCV) 20/57/2 0.150

BCLC stage (A/B/C) 10/47/22 <0.001
Treatment before rupture (absence/ 53/26 <0.001
Ppresence)

Treatment at rupture (conservative/ TAE/ 30/32/17 0.086

surgery)

Treatment in the follow-up period 60/19 <0.001
(absence/ presence)

WBC, x 10°/L 124 +54 <0.001
HB, g/L 106.2 + 25.6 <0.001
PLT, x 10°°/L 171+ 84.4 <0.001
INR 1.3+03 <0.001
APTT, S 38472 <0.001
ALT,U/L 127 +186.9 <0.001
ALB, g/L 308+73 <0.001
TBil, umol/L 28.3+£209 <0.001
HCOs, mmol/L 233+5.6 <0.001
Crea, umol/L 95.7 £50.1 < 0.001
Child-Pugh 79+1.8 <0.001

HBV: Hepatitis B virus; HCV: Hepatitis C virus; BCLC: Barcelona Clinic
Liver Cancer; TAE: Transarterial embolization; WBC: White blood
cell count; HB: Hemoglobin; PLT: Platelet count; INR: International
normalized ratio; APTT: Activated partial thromboplastin time; ALT:
Alanine transaminase; ALB: Albumin; TBil: Total bilirubin; HCOs":
Bicarbonate; Crea: Creatinine.

64.7%) and perihepatic packing (n = 6, 35.3%) were
performed depending on the circumstances. The TAE
group was contraindicated due to severe poor liver
function, severe coagulopathy, hepatic encephalopathy,
and tumor thrombus in the main portal vein. Emboli-
zation of the feeding artery was performed after
selective angiography, with lipiodol or PVA particles.
In the conservative treatment group, the patients
received intensive care, anti-shock measures, blood
replacement, and correction of coagulopathy. Follow-up
was performed every 1 to 3 mo, and contrast-enhanced
CT and alpha-fetoprotein levels were evaluated to
determine further therapy for these patients.

Statistical analysis

The patients’ characteristics were analyzed to determine
whether the prognostic factors influenced survival.
Continuous variables were expressed as the mean
+ SD, and categorical variables were expressed as a
number. The survival rate was analyzed using Kaplan-
Meier method, and the differences were compared
using the log-rank test. If factors were found to be
significant in univariate analysis, then multivariate
analysis was performed using a Cox regression hazard
model to identify the independent factors. To identify
an effective value of the ruptured tumor size to predict
30-d mortality, receiver operating characteristic (ROC)
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curve analysis was conducted to obtain the cut-off
value, sensitivity and specificity. Two-tailed P-values
of < 0.05 were considered statistically significant.
Statistical analysis was performed using SPSS software
(version 16.0; Chicago, IL, United States).

RESULTS

Seventy-nine patients with a mean age of 55.8 years
and HCC rupture were enrolled in our study. According
to imaging results, the mean number of lesions
was 2.7 £ 1.9, and the lesion length in the greatest
dimension was 7.7 £ 3.5 cm (range: 1.5-14.8 cm).
The ruptured site was located in the right lobe more
often than in the left lobe (57% vs 43%). Forty-nine
patients were diagnosed with liver cirrhosis (62%).
Before treatment, 10 (12.7%), 47 (59.5%), and 22
(27.8%) patients were classified with BCLC A, B, or
C stage HCC, respectively. Twenty-two patients were
classified as Child-Pugh class A (27.8%), thirty-seven
were classified as Child-Pugh class B (46.9%), and
twenty were classified as Child-Pugh class C (25.3%).
The median survival time was 125 d, and the mean
survival time was 210.6 d (range: 0-1523 d). The
30-d mortality rate was 27.8% (22 patients). Fifty-
seven patients had hepatitis B virus (72.2%), and
two patients had hepatitis C virus (2.5%). Twenty-six
patients received anti-tumor therapies prior to HCC
rupture (32.9%), and nineteen patients received anti-
tumor therapies during the follow-up period (24.1%).

Univariate analysis revealed that age, lesion length,
lesion number, cirrhosis, BCLC stage, treatment
before HCC rupture, treatment during follow-up, WBC
level, HB level, PLT level, INR level, APTT level, ALT
level, ALB level, TBil level, HCOs level, Crea level,
and Child-Pugh score were associated with overall
survival rates in patients with HCC rupture (Table 1).
Multivariate analysis revealed that lesion length (HR
= 1.46, P < 0.001), lesion humber (HR = 1.37, P =
0.042), treatment before tumor rupture (HR = 4.36,
P = 0.019), ALT level (HR = 1.00, P = 0.011) and
HCOs" level (HR = 1.18, P < 0.001) were positively
associated with poor survival in patients with HCC
rupture. Age (HR = 0.96, P = 0.026), treatment during
the follow-up period (HR = 0.21, P = 0.008), and ALB
level (HR = 0.89, P = 0.010) were inversely associated
with poor survival (Table 2).

The cumulative overall survival rates of ruptured
HCC patients with different BCLC stages differed
significantly. The median survival times in BCLC stages
A, B and C were 251, 175 and 40 d, respectively (P
< 0.001) (Figure 1). The cumulative overall survival
rates of patients receiving anti-tumor treatment before
HCC rupture also differed. The mean survival time
in patients receiving anti-tumor treatment before
HCC rupture was 74.9 d, and the mean survival
time in patients who did not undergo therapy before
HCC rupture was 492.3 d (P < 0.001) (Figure 2).
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Table 2 Multivariate analysis of risk factors related to survival

in patients with hepatocellular carcinoma rupture

Variables HR  95%Cl P value
Age (yr) 096 0.93-1.00 0.026
Lesion length (cm) 146 1.23-1.73 <0.001
Number 137 1.01-1.85 0.042
Cirrhosis (presence) 247 0.77-7.96 0.131
BCLC stage A (control) - - -
BCLC stage B 0.10 0.02-041  0.002
BCLC stage C 0.19 0.03-1.01 0.052
Treatment before rupture (presence) 436 1.27-1499 0.019
Treatment in follow-up period (presence) 0.21  0.07-0.67  0.008
WBC, x 10°/L 1.04 096-1.13 0.375
HB, g/L 099 097-1.00 0.314
PLT, x 10°°/L 1.00 0.99-1.00 0.143
INR 0.39 0.04-3.60 0.406
APTT, S 1.07 0.99-115 0.103
ALT, U/L 1.00 1.00-1.01 0.011
ALB, g/L 0.89 0.81-0.97 0.010
TBil, umol/L 1.00 097-1.02 0.735
HCOs, mmol/L 1.18 1.08-1.28 <0.001
Crea, umol/L 1.01 1.00-1.02  0.089
Child-Pugh 1.03 0.59-1.80 0.905

WBC: White blood cell count; HB: Hemoglobin; PLT: Platelet count; INR:
International normalized ratio; APTT: Activated partial thromboplastin
time; ALT: Alanine transaminase; ALB: Albumin; TBil: Total bilirubin;
HCO:s: Bicarbonate; Crea: Creatinine.
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Figure 1 Cumulative survival according to Barcelona-Clinic Liver Cancer
stage. Cumulative survival rates of patients with ruptured HCC according
to BCLC stage significantly differed; the median survival times of patients
with HCC rupture and BCLC stage A, B and C disease were 251, 175 and
40 d, respectively (P < 0.001). BCLC: Barcelona-Clinic Liver Cancer; HCC:
Hepatocellular carcinoma.

In addition, the cumulative overall survival rates of
patients receiving anti-tumor treatment in the follow-
up period differed. The mean survival time in patients
who underwent therapy during the follow-up period
was 645.5 d, and the mean survival time of patients
who did not undergo therapy was 198.6 d (P < 0.001)
(Figure 3).

The cut-off point for tumor size was 8.85 cm for
30-day mortality of HCC ruptured patients, and the
area under the ROC curve (AUC) was 0.813 (P <
0.001). The sensitivity and specificity of this analysis
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Figure 2 Cumulative survival according to treatment of hepatocellular
carcinoma before tumor rupture. The cumulative survival rate of patients
who underwent anti-tumor therapy before HCC rupture was significantly
reduced compared with patients who did not undergo therapy before HCC
rupture. The mean survival time of patients receiving anti-tumor treatment
before HCC rupture was 74.9 d, whereas the mean survival time of
patients without therapy before HCC rupture was 492.3 d (P < 0.001). HCC:
Hepatocellular carcinoma.
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Figure 3 Cumulative survival according to further therapy after
hepatocellular carcinoma rupture. The cumulative survival rate of patients
who underwent therapy after HCC rupture was significantly increased
compared with patients who did not undergo therapy after HCC rupture. The
mean survival time of patients with therapy during the follow-up period was
645.5 d, whereas the mean survival time of patients without therapy was 198.6
d (P <0.001). HCC: Hepatocellular carcinoma.

were 81.8% and 78.9%, respectively.

DISCUSSION

Spontaneous HCC rupture is a life-threatening com-
plication that can cause sudden death. Its incidence
has been reported to be 3%-15% making it a rare
event in Western countries™. HCC rupture may be
attributed to increased intratumoral pressure, occlusion
of the vessels by tumor thrombus, rapid growth of
the tumor, and necrosis. In addition, tumor size and
superficial location serve as the risk factors®*®., Other
characteristics, such as coagulation impairment caused
by cirrhosis and hypertension, may also have a role™,
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HCC rupture is a dangerous condition in the clinic
with a poor prognosis; the 30-d mortality has been
reported to range from 30% to 70%!"**¥. In our
cohort study, the 30-d mortality due to HCC rupture
was 27.8%. A number of investigators have concluded
that TAE or surgery is an effective therapy for patients
with HCC rupture™®.. TAE is an effective and minimally
invasive procedure for ruptured HCC and achieves
immediate hemostasis; it is also the major therapy for
patients with unresectable HCC. Surgical treatments
for patients with HCC rupture include surgical
hepatic resection and perihepatic packing™®**7,
Surgical hepatic resection is a curative treatment
that requires small tumors or a small humbers of
tumors. To prevent life-threatening complications,
such as liver failure after TAE or surgery, patients must
typically exhibit good reserved hepatic function and
tolerable coagulopathy. However, ruptured HCC is an
emergency event that is accompanied by the loss of
hepatic and coagulatory functions™®*?!, The damage
may be reduced by pharmacological treatment; thus,
the treatment modality for HCC rupture can also
be altered from conservative to TAE or surgery. To
reduce the bias produced by treatment modality at
HCC rupture, TAE or surgery within 48 h after tumor
rupture is considered to be an effective treatment, and
other treatment approaches that were changed from
conservative treatment greater than 48 h after tumor
rupture were considered to be conservative treatment
modalities. We therefore obtained the unique result
that the treatment modality at tumor rupture was not
associated with survival (P = 0.086).

Our results revealed, for the first time, that treatment
during the follow-up period was an independent predictor
for overall survival (HR = 0.21, 95%CI: 0.07-0.67, P
= 0.008); the overall survival rates of patients with
ruptured HCCs who underwent anti-tumor therapy
in the follow-up period were significantly increased
compared with patients who did not undergo anti-tumor
therapy. TAE effectively achieves hemodynamic stability.
In addition, TAE increases the 30-d survival in HCC
ruptured patients®™”!, and prolonged survival can be
achieved through curative liver resection®'!]. Therefore,
staged hepatectomy followed by TAE in selected
patients has been suggested in the literature!®*”, From
our perspective, TAE, staged hepatectomy and sorafenib
in the follow-up period are better than no treatment
in the follow-up period, and the subsequent treatment
of ruptured HCC patients is more important than the
treatment modality at the time of tumor rupture. The
results of the present study showed similar findings,
where treatment modality at the time of tumor rupture
was not related to survival, whereas treatment during
the follow-up period was an important factor related to
long-term survival.

In this study, patients who underwent anti-tumor
therapy before HCC rupture had poor survival (HR =
4.36, 95%CI: 1.27-14.99, P = 0.019). These therapies
included transhepatic arterial chemoembolization (TACE)
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(19), surgical treatments (2), radiofrequency ablations
(2), TACE combined with oxaliplatin chemotherapy (2),
and TACE combined with sorafenib (1). Because the
number of patients who underwent surgical treatment,
radiofrequency, TACE combined with oxaliplatin or
sorafenib is too small, these patients constitute a
variable in our analysis. The overall survival rate of
patients with HCC rupture who did not undergo anti-
tumor therapies before tumor rupture was significantly
increased compared with those who did. TAE, surgery
and sorafenib are the most accepted therapies for HCC
in selected patients™ ¥, but these approaches also
damage the liver. Angiograms in patients with a history
of TAE or sorafenib typically reveal a thinner hepatic
artery™® 1 and all anti-tumor therapies have the
adverse effect of reducing liver function reserve!®*??,
Consequently, spontaneous HCC rupture is more
dangerous in those patients with a prior history of
anti-tumor therapies. Three patients had HCC rupture
within 24 h after TAE in our study, and 2 patients died
of uncontrolled hemorrhagic shock. The increasing
pressure in a tumor and the poor elasticity of ischemic
tumors make hemorrhage more difficult to control.

The univariate analysis revealed that survival
significantly differed in patients with different BCLC
stages. Multivariate analysis indicated that BCLC stage
was an independent predictor for HCC rupture, but the
HR was 0.10 in stage B and 0.19 in stage C (stage A
was used as a control). The reason the HRs were less
than 1.0 is that the percent survival of the patients in
the three BCLC stages differed significantly; 40.0%
for stage A (4 surviving cases in 10 patients), 23.4%
for stage B (11 surviving cases in 47 patients), and
9.1% for stage C (2 surviving cases in 22 patients).
Given the small humber of stage A cases, the mean
survival time was reduced (303.6 d in stage A, 418.8
d in stage B and 65.7 d in stage C). Therefore, the
median survival time is crucial in the relationship
between survival and BCLC stage, with the median
survival times of 251, 175 and 40 d for stage A, B and
C patients, respectively. Therefore, advanced HCC is
an independent predictor of poor survival.

Tumor length and number have been considered
as predictors of ruptured HCC in a previous study''",
and these values are likely to reflect the volume of the
tumor cell. Similarly, we found that the lesion length
and number affected overall survival (HR = 1.46 and
1.37, respectively). The cut-off point for tumor size was
8.85 cm for 30-d mortality in HCC ruptured patients. We
also demonstrated that elevated ALT and decreased
ALB are associated with poor survival. Elevated
Crea levels are not significantly associated with poor
survival; however, given that the 95%CI was greater
than 1.0, elevated Crea levels are likely to reflect liver
and renal injuries at the time of HCC rupture. Elevated
HCOs" levels were positively associated with poor
survival; in our study, the average HCOs' level in blood
samples collected immediately after admission was
23.3 £ 5.6 mmol/L (range: 8-32 mmol/L). As a result

June 28, 2015 | Volume 21 | Issue 24 |



of stress reactions and hemorrhage, most patients
exhibited relatively elevated HCOs' levels in the blood,
but not serious acidosis. Another dangerous factor
for ruptured HCC patients in our study was age; our
observed HR for age was 0.96, similar to that in other
studies’®”!. However, the HRs which ranged from 0.89
to 1.18 revealed that age, ALT, ALB and HCOs" only
play a small part in the overall survival of ruptured
HCC patients.

Our HR for ALT was 1.003; the manuscript requested
two decimal points, thus the HR was written as 1.00.
Other factors with HRs very close to 1 included ALB
and HCOs'. Library data, such as ALT, ALB, and HCOs',
can be easily and artificially corrected during medical
therapy. In contrast, other factors, such as BCLC stage,
treatment before rupture, and treatment after rupture
cannot be immediately changed. Therefore, the clinical
significance of factors, such as ALT, for which the HR is
close to 1, is limited even though statistical significance
was detected.

Our study has several limitations. First, the number
of samples was small given the low incidence of the
disease, and this small sample size may produce bias.
Second, the presence of cirrhosis may affect hepatic
function, therefore the parameters in the multivariate
analysis, including ALB, Tbil and cirrhosis, may have
produced bias.

In conclusion, spontaneous rupture of HCC is a life-
threatening condition with a poor prognosis. Receiving
anti-tumor therapy during the follow-up period, no
history of anti-tumor therapies administered before
HCC rupture, small tumor length and number, and early
BCLC stage are the most crucial predictors associated
with satisfactory overall survival. Patient age, ALT level,
ALB level, and HCOs™ level are independent predictors
that play only a small role in overall survival. We believe
that the present study provides useful information for
doctors in the assessment of spontaneous HCC rupture.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is a common tumor, and spontaneous rupture
of HCC is a life-threatening complication. Therefore, identifying the essential
predictors of survival after HCC rupture is very important.

Research frontiers

Several possible predictors, including age, tumor characteristics, tumor stage,
hemoglobin levels, hepatic function, renal function, and treatment modality at
the time of tumor rupture, have been investigated, but treatment before HCC
rupture and during the follow-up period have not been evaluated.
Innovations and breakthroughs

The present study revealed that receiving anti-tumor therapy in the follow-up
period without a history of anti-tumor therapy before HCC rupture, small tumor
length and number, and early Barcelona-Clinic Liver Cancer stage are the most
crucial predictors associated with satisfactory overall survival.
Applications

The present study may provide useful information for doctors in the assessment
of spontaneous HCC rupture.

Terminology

Because the factors related to poor survival in patients with HCC rupture are
variable, the Cox regression hazard model is useful for identifying independent
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factors and establishing the importance of these factors in the clinic.

Peer-review
This is a good retrospective study that identifies the risk factors for HCC
rupture. Compared with existing reports, this study highlights the role of anti-
tumor therapies before and after HCC rupture. The results are applicable to
clinical practice.
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