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Background: This study aims to find out the possible optimal therapy and assess the prognosis properly
for patient with spontaneous rupture of hepatocellular carcinoma (HCC).

Methods: Propensity score matching (PSM) analysis was used to study the data from 325 patients with
ruptured HCC (RHCC) and 2,291 patients with non-RHCC.

Results: The incidence and hospital mortality of RHCC were 5.1% and 0.8% respectively, with a median
overall survival (OS) time of 17 months. There was no difference between ruptured and non-RHCC patients
undergoing conservation treatment in terms of OS. Trans-arterial embolization (TAE) was carried out in 69
(21.2%) cases with RHCC, with a median OS of 7 months, which was no difference from that of non-RHCC
(pre- and post-PSM). One hundred and sixty-nine (52.0%) RHCC cases underwent one-stage hepatectomy,
with a median OS and disease-free survival (DFS) of 30 and 6 months respectively, which were shorter than
that of non-RHCC (post-PSM). TAE plus two-stage hepatectomy was performed in 30 RHCC cases, with
a median OS and DFS of 28 and 10 months respectively; these outcomes were better than that from RHCC
patients undergoing TAE alone or one-stage hepatectomy (post-PSM), which were no difference from that
of non-RHCC patients undergoing hepatectomy. The risk of death for RHCC patient undergoing one-stage
hepatectomy is 1.545 times higher than that of one undergoing TAE + two-stage hepatectomy.
Conclusions: TAE plus two-stage hepatectomy might be the optimal treatment for RHCC patient. Under
the premise of the same pathological properties, there is no difference in prognosis between ruptured and

non-RHCC patients if the therapy is appropriate.
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Introduction hepatitis B virus (HBV) infection is prevalent, but is rare
in western countries (about 3%) (1,2). Although there are

multiple methods to be chosen for the treatment including
a dangerous bleeding complication of HCC. The incidence one-stage (emergency) hepatectomy, trans-arterial

Spontaneous rupture of hepatocellular carcinoma (HCC) is

is 5-15% of patients with HCC in Asia and Africa where embolization (TAE), two-stage hepatectomy (following
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TAE) and conservative treatment, the study results with
large sample, statistical matching and comparability data are
rare, the survival assessment and optimal treatment remain
controversial (3-6), doctors have to pursue the treatment
options based on their own clinical experience so far.

Generally, compared with non-ruptured HCC (NHCC),
larger tumor diameter and worse liver function are present
in patients with ruptured HCC (RHCC), and the data of
the two groups are not statistically comparable. This is the
main reason for the controversial mentioned above.

In this study, the data from 2,616 patients with HCC
were retrospectively studied with propensity score matching
(PSM) method, for the purpose to properly assess the
prognosis and to find out the possible optimal treatment
for the complication. We present the following article in
accordance with the TREND reporting checklist (available
at https://hbsn.amegroups.com/article/view/10.21037/
hbsn-21-45/rc).

Methods
The diagnosis of RHCC was established with the presence

of hematoma, active peritumoral contrast extravasation
on computed tomography, hepatic angiography on the
first emergency admission, or with the evidence of tumor
bleeding or peritumoral hematoma on surgery. TAE, one-
stage (emergency) hepatectomy, two-stage hepatectomy and
conservative treatment are the main therapeutic options
for RHCC. The study was conducted in accordance with
the Declaration of Helsinki (as revised in 2013). The study
was approved by the committee on Medical Ethics of the
First Affiliated Hospital of Anhui Medical University (No.
AF/SC-08/02.0). Individual consent for this retrospective
analysis was waived.

Statistical analysis

Multivariate Cox proportional hazards model was used
to analyze the risk factors related with the prognosis.
Then, these covariates were matched by PSM with the
allowable error at 0.3 (7-9) to compare the differences
between the patients with RHCC and NHCC. The
ratio of RHCC and NHCC patients was 1:4 in the PSM
analysis. Nearest neighbor was the matching algorithm.
The parameters included hemoglobin, leukocyte, albumin,
aminotransferase, maximum tumor diameter, microvascular
invasion and Child-Pugh grade were used as the matching
variables in the PSM study. Independent #-test was used
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to analyze continuous data with a normal distribution
which was tested by Kolmogorov-Smirnov test. Mann-
Whitney U test was adopted for non-normal distributed
data. Categorical variables were compared by the y’ test
with Yates’ correction or Fisher’s exact-test. Overall survival
(OS) as well as disease-free survival (DFS) curves were
generated with Kaplan-Meier method and compared by the
log-rank test. The curves differences were examined with
Cox proportional hazards analysis. Statistical analyses were
performed with SPSS 23.0 program (SPSS Inc., Chicago,
IL, USA). P<0.05 was considered as statistically significant.

Results

From January 2002 to June 2020, a total of 7,128 patients
with HCC were admitted in Affiliated Hospitals of Anhui
Medical University. Three hundred and sixty-six (5.1%)
patients of them were diagnosed as spontaneous rupture of
HCC with a hospital mortality of 0.8%. Complete follow-
up information was harvested from 325 patients with
RHCC and 2,291 patients with non-ruptured hepatocellular
carcinoma. The median time of follow-up was 12 months
(range, 1-202 months). The deadline of follow-up is June
30", 2020. The parameter of patient with HCC was present
in Tuble 1.

Diagnosis

Sudden epigastric pain and shock were present in 146
(44.9%) and 43 (13.2%) patients with RHCC, respectively.
The evidence of hematoma was found in 272 patients
(83.7%) with imaging examination. Fifty-three (16.3%)
patients were diagnosed during laparotomy.

Risk factors of RHCC

There were no significant differences in these variables
including age, sex, alpha fetoprotein (AFP), platelet,
prothrombin time (PT), international normalized ratio (INR),
alanine transaminase (ALT), total bilirubin (TBL), HBsAg
and tumor-node-metastasis (TNM) stage between RHCC
and NHCC patients. But the parameters including maximum
tumor diameter, microvascular invasion, leukocyte, aspartate
aminotransferase (AST) and Child-Pugh grade were higher
in RHCC than that in NHCC. These variables including
hemoglobin, albumin and cirrhosis were lower in RHCC
than that in NHCC (Tuble 1). The statistical difference
mentioned above cannot be found after the PSM analysis
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Table 1 Pre-PSM patient parameters

Wang et al. Prognosis and survival analysis on spontaneous rupture of HCC

Variable RHCC, n (%) NHCC, n (%) P value
Age 54.5+13.8 56.0+12.5 0.091
Sex
Male 277 (85.2) 1,974 (86.2) 0.650
Female 48 (14.8) 317 (13.8)

AFP (ug/L), mean + SD
>400
<400
Platelet (x10%L), mean + SD
PT (s), mean = SD
INR, mean + SD
Hemoglobin (g/L), mean + SD
Anemia
Yes
No
Leukocyte (x10%L), mean + SD
Albumin (g/L), mean + SD
AST (U/L), mean + SD
ALT (U/L), mean + SD
TBL (umol/L), mean + SD
HBsAg
Positive
Negative
Liver cirrhosis
Yes
No
Child-Pugh classification
A
B
C
Maximum tumor diameter (cm)
<2.9
3.0-5.0
>5.1

29,822.3+131,588.3
170 (52.3)

155 (47.7)
176.8+90.0
13.5+3.3
1.16+0.36
121.5+25.2

142 (43.7)
183 (56.3)
8.4+5.4
36.6+7.1
113.8+159.3
73.7+104.9
24.5+49.5

279 (85.8)
46 (14.2)

252 (77.5)
73 (22.5)

224 (68.9)
83 (25.5)
18 (5.5)
Median [range]: 8 [1-30]
6(1.8)
48 (14.8)
271 (83.4)

35,5676.1+207,900.4

1,072 (46.8) 0.062
1,219 (53.2)
172.4+100.9 0.487
13.2+3.3 0.099
1.04+1.05 0.779
131.7+21.6 <0.001
592 (25.8) <0.001
1,699 (74.2)
6.7+4.4 <0.001
39.2+10.1 <0.001
90.2+133.9 0.018
70.4+193.9 0.781
26.2+52.8 0.646
1,885 (82.3) 0.111
406 (17.7)
1,994 (87.0) <0.001
297 (13.0)
1,812 (79.1) <0.001
401 (17.5)
78 (3.4)

Median [range]: 6 [0.5-30]
262 (11.4) <0.001
544 (23.7)
1,485 (64.8)

Table 1 (continued)
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Variable RHCC, n (%) NHCC, n (%) P value
Microvascular invasion
Yes 52 (16.0) 202 (8.8) <0.001
No 273 (84.0) 2,089 (91.2)
TNM stage
| 96 (29.5) 649 (28.3) 0.110
I 110 (33.8) 834 (36.4)
M 91 (28.0) 534 (23.3)
Y 28 (8.6) 274 (12.0)

PSM, propensity score matching; RHCC, ruptured hepatocellular carcinoma; NHCC, non-ruptured hepatocellular carcinoma; AFP, alpha
fetoprotein; SD, standard deviation; PT, prothrombin time; INR, international normalized ratio; AST, aspartate aminotransferase; ALT,

alanine transaminase; TBL, total bilirubin; TNM, tumor-node-metastasis.

(Tble 2).

Multivariate Cox analysis showed that the variables
including age, AFP, hemoglobin, Child-Pugh classification,
microvascular invasion and maximum tumor diameter were
independently associated with the OS of RHCC. The risk
of death for patients with RHCC who underwent one-stage
hepatectomy is 1.545 times that of patients undergoing
TAE + two-stage hepatectomy (Tuble 3).

Pairing pavameters in PSM study

Based on the difference between RHCC and NHCC, these
parameters included hemoglobin, leukocyte, albumin, AST,
maximum tumor diameter, microvascular invasion and

Child-Pugh grade were used as the matching variables in
the PSM study (Table 2).

os

The hospital mortality of patients with RHCC was 0.9%
(3 cases). Before or after the PSM analysis, the OS rate in
patients with RHCC were significantly lower than that
in patients with NHCC (P<0.05, Table 4, Figure 1). The
median survival time was 17 months in patient with RHCC.

Since the different treatment results in different
outcome, the patients were divided into conservative
treatment, TAE and hepatectomy groups, to analyze the
prognosis as following.

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Conservative treatment

There are 57 (17.5%) RHCC patients and 520 (22.7%)
NHCC patients underwent conservative treatments, with
the median OS time of 1 and 3 months respectively. Two
cases with RHCC died during hospitalization, one of them
died of cardiac arrest and one died of upper gastrointestinal
bleeding. After the PSM analysis, there was no significant
difference of OS time between RHCC and NHCC patients
(P=0.091, Table 4, Figure 2).

TAE only

As the only treatment, TAE was carried out in 69 (21.2%)
patients with RHCC and 319 (13.9%) NHCC cases, with
the median OS of 7 and 10 months respectively. One
patient with RHCC died after TAE treatment, the cause of
death was liver failure. There was no significant difference
between the two groups of patients in terms of OS (pre- and
post-PSM study, P>0.05, Table 4, Figure 3).

One-stage bepatectomy

There are 169 (52.0%) RHCC cases and 1,452 (63.4%)
NHCC cases underwent one-stage (emergency) open
hepatectomy, with the median OS of 30 and 101 months
respectively. Before and after the PSM study, the OS and
DFS of RHCC patients were significantly shorter than that
of NHCC (P<0.001, Table 4, Figure 4).
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Table 2 Post-PSM patient parameters

Variable RHCC, n (%) NHCC, n (%) P value
Age 54.8+13.9 54.9+12.8 0.880
Sex
Male 266 (85.0) 917 (84.7) 0.893
Female 47 (15.0) 166 (15.3)
AFP (ug/L)
>400 165 (52.7) 560 (51.7) 0.753
<400 148 (47.3) 523 (48.3)
Platelet (x10%L), mean + SD 175.8+92.3 172.3+106.4 0.651
PT (s), mean + SD 13.4+3.1 13.2+3.2 0.109
INR, mean + SD 1.05+0.49 1.02+0.40 0.420
Hemoglobin (g/L), mean + SD 121.8+26.1 122.5+28.8 0.745
Anemia
Yes 133 (42.5) 400 (36.9) 0.075
No 180 (57.5) 683 (63.1)
Leukocyte (x10%/L), mean = SD 8.1+4.3 7.5+6.4 0.222
Albumin (g/L), mean + SD 36.5+7.7 36.4+8.3 0.874
AST (U/L), mean + SD 114.1+116.2 109.5+187.9 0.730
ALT (U/L), mean + SD 74.2+106.4 75.7+119.9 0.862
TBL (umol/L), mean + SD 24.7+50.2 27.0+47.2 0.525
HBsAg
Positive 267 (85.3) 915 (84.5) 0.724
Negative 46 (14.7) 168 (15.5)

Liver cirrhosis
Yes 247 (78.9) 880 (81.3) 0.355
No 66 (21.1) 203 (18.7)

Child-Pugh classification

A 222 (70.9) 791 (73.0) 0.759
B 76 (24.3) 245 (22.6)
c 15 (4.8) 47 (4.3)

Maximum tumor diameter (cm)

<29 6(1.9) 30 (2.8) 0.618
3.0-5.0 47 (15.0) 174 (16.1)
>5.1 260 (83.1) 879 (81.2)

Table 2 (continued)

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2022;11(6):808-821 | https://dx.doi.org/10.21037/hbsn-21-45



HepatoBiliary Surgery and Nutrition, Vol 11, No 6 December 2022 813

Table 2 (continued)

Variable RHCC, n (%) NHCC, n (%) P value

Microvascular invasion

Yes 49 (15.7) 135 (12.5) 0.142
No 264 (84.3) 948 (87.5)

TNM stage
| 88 (28.1) 330 (28.0) 0.629
I 107 (34.2) 382 (35.3)
M 90 (28.8) 280 (25.9)
Y 28 (8.9) 118 (10.9)

PSM, propensity score matching; RHCC, ruptured hepatocellular carcinoma; NHCC, non-ruptured hepatocellular carcinoma; AFP, alpha
fetoprotein; SD, standard deviation; PT, prothrombin time; INR, international normalized ratio; AST, aspartate aminotransferase; ALT,
alanine transaminase; TBL, total bilirubin; TNM, tumor-node-metastasis.

Table 3 Multivariate Cox analysis results

Variable Hazard ratio 95% ClI P value
Age 1.024 1.008-1.041 0.004
Sex 1.295 0.660-2.541 0.453
AFP 1.839 1.215-2.785 0.004
PLT 1.002 1.000-1.005 0.079
PT 0.944 0.860-1.036 0.224
INR 0.886 0.435-1.806 0.740
Hemoglobin 2.404 1.334-4.334 0.004
Leukocyte 0.938 0.879-1.001 0.053
Albumin 0.987 0.954-1.022 0.466
AST 1.001 0.999-1.003 0.268
ALT 1.000 0.998-1.003 0.754
TBL 1.010 0.997-1.023 0.131
HBsAg 1.048 0.952-1.154 0.339
Liver cirrhosis 1.406 0.873-2.266 0.161
Child-Pugh classification 2.428 1.569-3.756 0.000
Maximum tumor diameter 1.066 1.023-1.112 0.003
Microvascular invasion 1.815 1.140-2.890 0.012
TNM stage 1.069 0.895-2.890 0.459
Main treatment 1.545 1.120-2.132 0.008

Cl, confidence interval; AFP, alpha fetoprotein; PLT, platelet; PT, prothrombin time; INR, international normalized ratio; AST, aspartate
aminotransferase; ALT, alanine transaminase; TBL, total bilirubin; TNM, tumor-node-metastasis.

© HepatoBiliary Surgery and Nutrition. All rights reserved. HepatoBiliary Surg Nutr 2022;11(6):808-821 | https://dx.doi.org/10.21037/hbsn-21-45



814 Wang et al. Prognosis and survival analysis on spontaneous rupture of HCC

Table 4 Treatment outcomes

OS or DFS rate (%) Median
Treatment Survival PSM  Patients N OS or DFS P value
1-year 3-year 5-year (months)
Allkinds of ~ OS Before RHCC 325 5500 2920  21.60 17 <0.001
treatment PSM  NHce 2,291 6420 5090  42.80 40
After  RHCC 313 5480 2870  22.40 17 0.016
PSM  NHce 108 5720  43.10  37.00 23
Conservative OS Before RHCC 57 5.50 0 0 1 <0.001
treatment PSM  NHce 520 17.90 650 3.60 3
After  RHCC 53 6.20 0 1 0.091
PSM  NHee 158 7.00 0 2
TAE only 0s Before RHCC 69 4320  12.20 7 0.569
PSM  NHce 319 4320 1870  16.50 10
After  RHCC 41 3400  5.70 6 0.233
PSM  NHce 137 3840  18.50 8
One-stage oS Before RHCC 169 70.60 40.20 30.50 30 <0.001
hepatectomy PSM  NHce 1452 82.80 6950  58.40 101
After  RHCC 156 70.60 4020  32.20 30 <0.001
PSM  NHce 624 7870 6390  50.60 63
DFS  Before RHCC 169  34.60 1640  12.00 6 <0.001
PSM  NHce 1,452 5520 3850  28.20 17
After  RHCC 156 34.80 1650  12.00 6 <0.001
PSM  NHce 624 4870 3450  24.10 12
TAE plus oS Before TAE + two-stage hepatectomy: 30 75.60 32.50 0 28 () vs. (I1), 0.758
two-stage PSM () RHCC
hepatectomy One-stage hepatectomy: (Il) RHCC; 169;  70.6; 40.2; 30.5; 30; 101 (I) vs. (Ill), 0.031
(Illy NHCC 1,452 8238 69.5 58.4
TAE only: (IV) RHCC; (V) NHCC ~ 69; 319 43.2; 43.2 12.2; 18.7 0; 16.5 7:10 () vs. (IV), 0.002
() vs. (V), 0.002
After  TAE + two-stage hepatectomy: 28 75.60 32.50 0 28 (I) vs. (Il), 0.012

PSM () RHCC

One-stage hepatectomy: (Il) RHCC 82 53.10 14.80 0 16 () vs. (1), 0.026
TAE only: (lll) RHCC 33 53.40 25.30 0 14 (I) vs. (IV), 0.485
One-stage hepatectomy: (IV) NHCC 100 76.70 58.60 0 37 () vs. (V), 0.020
TAE only: (V) NHCC 65 40.10 0 0 11
DFS Before TAE + two-stage hepatectomy: 30 38.10 6.30 0 10 (I) vs. (Il), 0.914
PSM () RHCC
One-stage hepatectomy: (Il) RHCC; 169; 34.6; 16.4; 12.0; 6; 17 () vs. (1), 0.014
(I NHCC 1,452 55.2 38.5 28.2
After  TAE + two-stage hepatectomy: 29 51.20 42.60 0 14 (1) vs. (I1), 0.013
PSM () RHCC
One-stage hepatectomy: (Il) RHCC 82 23.30 11.00 0 5 (1) vs. (1), 0.221
One-stage hepatectomy: (Ill) NHCC 100 44.80 27.30 0 12

PSM, propensity score matching; OS, overall survival; DFS, disease-free survival; RHCC, ruptured hepatocellular carcinoma; NHCC, non-
ruptured hepatocellular carcinoma; TAE, trans-arterial embolization.
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Figure 1 The treatment outcomes of all patients with HCC. HCC, hepatocellular carcinoma; PSM, propensity score matching; NHCC,
non-ruptured HCC; RHCC, ruptured HCC; HR, hazard ratio; OS, overall survival.
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Figure 2 The treatment outcomes of patients underwent conservation treatment. HCC, hepatocellular carcinoma; PSM, propensity score
matching; NHCC, non-ruptured HCC; RHCC, ruptured HCC; HR, hazard ratio; OS, overall survival.
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Figure 3 The treatment outcomes of patients underwent TAE. HCC, hepatocellular carcinoma; TAE, trans-arterial embolization; PSM,
propensity score matching; NHCC, non-ruptured HCC; RHCC, ruptured HCC; HR, hazard ratio; OS, overall survival.
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HCC patients with one-stage hepatectomy
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HCC patients with one-stage hepatectomy

1.01 Post-PSM Group
- NHCC
-n RHCC
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: HR =1.261 (0.990-1.605)
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Figure 4 The treatment outcomes of patients underwent one-stage hepatectomy. HCC, hepatocellular carcinoma; PSM, propensity score
matching; NHCC, non-ruptured HCC; RHCC, ruptured HCC; HR, hazard ratio; OS, overall survival; DFS, disease-free survival.

Two-stage bepatectomy

Since 1% January, 2015, a total of 30 RHCC patients
have undergone emergency TAE and two-stage open
hepatectomy, with the median OS and DFS time of 28 and
10 months respectively. The matching parameters were
from NHCC patients who were hospitalized and underwent
hepatectomy after 1" January, 2015.

For RHCC patients, pre-PSM study result showed that
there was no significant difference between the patients
undergoing TAE + two-stage hepatectomy and the patients
undergoing one-stage hepatectomy in terms of OS (P=0.758,
Table 4). After PSM analysis, the OS and DFS time from
two-stage hepatectomy were significantly longer than that
from one-stage hepatectomy and TAE only (P<0.05, Tuble 4).

Compared with NHCC, although the pre-PSM OS
was shorter in RHCC patients undergoing two-stage
hepatectomy than that in NHCC patients undergoing
hepatectomy (P=0.031, Table 4), post-PSM result showed

© HepatoBiliary Surgery and Nutrition. All rights reserved.

that there was no significant difference between the two
groups of patients in terms of OS and DFS (P=0.485,
P=0.221, Table 4, Figures 5,6).

Discussion

It has been reported that tumor rupture can increase the
rate of recurrence and reduce the survival rate (10,11).
Tumor rupture was therefore overwhelmingly considered as
the terminal status of HCC, for surgeons who might incline
to passive attitude accordingly.

Although about 84% of the patients were diagnosed with
RHCC before operation, 16% of them were diagnosed
during laparotomy. To improve the preoperative diagnostic
accuracy, abdominal puncture should be considered for
these patients present with epigastric pain and anemia. The
incidence of anemia is significantly higher in RHCC (43.7%)
than that in NHCC (25.8%, P<0.001, Tible 1).

It was found from this study, the median diameter of
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Figure 5 Treatment outcomes of patients with RHCC underwent hepatectomy and TAE. TAE, trans-arterial embolization; RHCC,

ruptured hepatocellular carcinoma; PSM, propensity score matching; HR, hazard ratio; OS, overall survival; DFS, disease-free survival.

tumor is significantly larger in RHCC than that in NHCC
(8 vs. 6 cm, P<0.001, Table I). However, 54 patients had
tumors less than 5 cm in diameter, and 6 of them were
<2.9 cm (Table 1). There was no significant difference
between small ruptured tumor (diameter <2.9 ¢cm) and large
reputed one with their clinical and pathological parameters.
It means that the small tumors can also rupture. So, the
positive therapies should be pursued.

Currently, TAE is considered to be a preferable
haemostasis option for RHCC patients, but with a poor
prognosis (12,13). In this study, 21.2% [69] RHCC patients
underwent TAE alone. Our data showed that there was
no significant difference in OS time between RHCC and
NHCC cases who underwent the treatment pre- and post-
PSM analysis (Tuble 4, Figure 3). Our previous studies have
found that, the injury and rupture of small artery in liver
tissue may relate to the bleeding complication (14-17).
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With the embolization agents, TAE can block small artery
(18,19), achieving dual effects of haemostasis and delaying
tumor growth. Therefore, the same prognosis is present
in RHCC and NHCC patients. It has been reported that
the leading cause of death in the short-term was either
bleeding complications or hepatic failure (20,21). Effective
and minimally invasive emergent haemostasis such as TAE
was recommended as the first choice with a successtul
haemostasis rate of 53-100% (3,22-24). The treatment of
radiofrequency ablation should be considered if the bleeding
persists after TAE treatment (Figure 7). Comfortingly, some
of RHCC patients can then undergo two-stage hepatectomy
after 2 weeks to 1 month of recovery.

Hepatectomy (laparotomy) is the main treatment for
RHCC patient. Fifty-two percent [169] of RHCC patients
underwent one-stage hepatectomy in this study. Although
the dual purposes of haemostasis and tumor resection can
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Figure 6 Treatment outcomes of patient with RHCC and NHCC. TAE, trans-arterial embolization; RHCC, ruptured hepatocellular

carcinoma; NHCC, non-ruptured hepatocellular carcinoma; PSM, propensity score matching; HR, hazard ratio; OS, overall survival; DES,

disease-free survival.

be achieved by one-stage hepatectomy, the prognosis is
poor. Pre- and post-PSM data showed that the OS and DFS
were shorter in RHCC patient than that in NHCC patient
(P<0.001, Tiable 4). The exacerbate liver damage caused by
one-stage hepatectomy (secondary ischemia reperfusion
injury) may be related to the poor prognosis (22,25). This
result shows that one-stage hepatectomy may not be the
best choice for patient with RHCC. However, it has been
reported that there is no significant difference between 62
RHCC patients and 98 NHCC patients undergoing one-
stage hepatectomy in terms of post-PSM OS (26). Beside
the different number of enrolled patients, different criteria
for patient selecting may also relate to the different results.
It has been reported that minimally invasive treatment
could be used for the tumor rupture (27-29) because it is
able to alleviate the postoperative liver function. Although
the data of long-term follow-up and large sample are
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absent, laparoscopic hepatectomy should be considered
during emergency when the RHCC patient with less
bleeding (stable vital signs) and small tumor located
peripherally, since the treatment with a minimal invasion
and shorter operation time can maximize the benefit of
the patient. It is thought that TAE followed by two-stage
hepatectomy is a better option for patient with RHCC (25).
In this study, 30 cases with RHCC underwent TAE + two-
stage hepatectomy. For RHCC patient, pre-PSM result
showed that there was no difference between TAE + two-
stage hepatectomy and one-stage hepatectomy outcomes in
terms of OS and DFS (P=0.758, P=0.914, Table 4). This may
lead to a misunderstanding: for patients with RHCC, the
treatment outcome of one-stage hepatectomy is the same as
that of two-stage hepatectomy, so the one-stage hepatectomy
is accepted as the main therapy. Post-PSM result showed
that the outcome of TAE + two-stage hepatectomy was
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Figure 7 Treatment process for patients with ruptured HCC. TAE, trans-arterial embolization; HCC, hepatocellular carcinoma.

much better than that of one-stage hepatectomy (Table 4).
The different criteria to select patients of the two kinds of
treatments may result in the statistical deviation.

The post-PSM results in this study showed that the
treatment outcomes from TAE + two-stage hepatectomy
for RHCC patients is the same as that from hepatectomy
for NHCC patients; the outcomes are better than that from
other therapies including one-stage hepatectomy and TAE
alone for patient with RHCC. These results indicate that: (I)
TAE + two-stage hepatectomy might be the optimal choice
for patient with RHCC if the tumor is resectable; (II) the
incidence of tumor recurrence and tumor cells spread may
not increase with the tumor rupture, since the significant
difference of DFS between RHCC and NHCC patients
cannot be found. This result may relate to our following
surgical procedure: after the tumor is removed, a large
amount of warm normal saline (>10 L, 30 °C) is used to wash
the abdominal and pelvic cavity until the aspirated wash
fluid is completely clear, in order to avoid the implantation
of tumor cells. Our results are consistent with Zhou’s study
on 102 RHCC patients (30). Though it has been reported
that more incidence of tumor recurrence was secondary
to the tumor rupture (10), our pre-PSM data showed that
incidence of microvascular invasion and TNM stage were
higher in RHCC patient than that in NHCC patient. The
pathological properties of the tumor may result in the poor
prognosis of patient with RHCC. Under the premise of the
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same pathological properties, there is no difference of the
treatment outcome between RHCC patients and NHCC
patients if the therapy is appropriate.

In this study, 52% RHCC patients underwent one-stage
hepatectomy with a poorer prognosis, which may result in
the shorter OS from all of the RHCC patients than that
of the NHCC patients (P=0.016, 7able 4). These variables
including age, AFP, hemoglobin, Child-Pugh classification,
microvascular invasion and maximum tumor diameter
were independent factors associated with the OS of RHCC
(Table 3). The risk of death for RHCC patients undergoing
one-stage hepatectomy is 1.545 times higher than that
of patients undergoing TAE + two-stage hepatectomy
(P=0.008, Tuble 3).

In this study, a total of 57 (17.5%) RHCC patients
underwent conservative treatment, with the median OS
time of 1 month. The post-PSM analysis result showed
that, there is no significant difference between RHCC and
NHCC patient undergoing conservative treatment in terms
of OS, which reveals that the tumor rupture itself may not
aggravate the progression of the disease.

For patient with RHCC, TAE followed by two-stage
hepatectomy might be the optimal choice, which OS and
DEFS is no significant difference compared with NHCC
patient undergoing hepatectomy, and with a better outcome
than that with other kinds of treatment such as TAE alone
or one-stage hepatectomy.
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