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Abstract
Background: Although transarterial chemoembolization TACE has been widely used for spontaneously
ruptured hepatocellular carcinoma (HCC), no existing models can be used for survival prediction. Thus,
the aim of the present study was to develop and validate a nomogram for risk prediction of HCC rupture
after TACE treatment.

Methods: The medical records of patients who underwent transarterial chemoembolization therapy from
January 2015 to April 2019 at our Hospital were retrospectively screened. HCC was diagnosed by either
imaging or histological evaluation according to the AASLD guideline. Factors that were found to be
signi�cant in univariate analysis were subjected to multivariate analysis. Factors in the nomogram were
identi�ed by multivariate Cox hazard analysis. The concordance index was calculated.

Results: This study consisted of 55 patients with spontaneously ruptured HCC receiving TACE at our
center from January 2015 to April 2019. The median overall survival was 6.4 months, with 0.5-year and 1-
year survival being 52.7% and 41.8%, respectively. In univariate analysis, largest tumor size, total bilirubin
level, and aspartate aminotransferase level were associated with overall survival. Multivariate analysis
suggested that total bilirubin level and the max diameter of the tumors were independent prognostic
factors to predict overall survival. Based on these variables, we developed and validated a nomogram for
individual patient risk strati�cation of HCC rupture after TACE treatment. The concordance index for
overall survival prediction was 0.748 (95% CI: 0.691-0.805).

Conclusions: Based on the nomogram, we have provided an intuitive tool for estimating the prediction of
ruptured HCC patients. This study may help to improve the perioperative strategy and treatment outcome.
 

Introduction
One of the life-threatening complications of hepatocellular carcinoma (HCC) is the spontaneous rupture
of the tumor and intratumoral hemorrhage. Several studies have indicated that emergency hepatectomy
and Transarterial chemoembolization (TACE) are the main treatments of patients with HCC rupture[1–3].
Hepatectomy is an effective therapy for the treatment of tumor rupture[4]. However, severe cirrhosis or
poor hepatic function usually reduce the tolerance of patients to surgical hepatic resection. TACE as a
less invasive operation has been widely used for unresectable HCC.

Several studies have reported a promising outcome following TACE treatment in spontaneously ruptured
HCC patients[5–7]. However, the timing of TACE and prognosis are affected by several determinants such
as age, Barcelona Clinic Liver Cancer (BCLC) staging system, Child-Pugh score, maximum tumor size, and
extrahepatic invasion[8]. Considering these associated risk factors, accurate predicting outcome tools
and taking operation in time may be most effective for HCC patients with spontaneous rupture.
Nevertheless, there were very few studies have investigated the predictive factors associated with this life-
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threatening complication of HCC. Moreover, there are no existing models or guidelines that can help
making decisions about whether it is appropriate to have a TACE treatment.

Individualized prediction has been considered as necessary for an optimal prognostic model. A predictive
nomogram might make a different decision for HCC ruptured patients who might take TACE treatment.
However, to our knowledge, there is no study using nomogram model on this issue. Thus, the aim of the
present study was to analyze the risk factors associated with overall survival of ruptured HCC patients
with TACE treatment. Moreover, this study developed and validated a nomogram model based on widely
available pretreatment clinical and laboratory data for risk prediction of ruptured hepatocellular
carcinoma.

Methods

Patients
The medical records of HCC patients with spontaneous tumor rupture were retrospectively screened.
These patients underwent transarterial chemoembolization therapy from January 2015 to April 2019 at
the Department of Hepatic Carcinoma of Fudan University A�liated Zhongshan Hospital (Shanghai,
China). We reviewed clinical data, such as age, gender, clinical presentation, and disease history. The
results of laboratory examinations at diagnosis were also reviewed. HCC tumor status including tumor
number, tumor extent size, the presence of portal vein thrombosis and distant metastasis were obtained
by contrast-enhanced computed tomography (CT) or magnetic resonance imaging (MRI) scans.

HCC was diagnosed by imaging or histological evaluation according to the American Association for the
Study of Liver Diseases (AASLD) guideline[9]. No HCC treatment within 1 month prior to the diagnosis of
HCC rupture was accepted within the subjects. All patients were staged according to the BCLC staging
system[10]. Diagnosis of spontaneous HCC rupture was based on disruption of the peritumoral liver
capsule with surrounding �uid in the perihepatic region. These were detected by dynamic CT and
abdominal puncture, which showed the presence of bloody �uid in the abdomen. The present study was
approved by the Clinical Research Ethics Committee of Fudan University A�liated Zhongshan Hospital.

Treatment procedures
Under the guidance of digital subtraction angiography (DSA), TACE was performed through femoral
artery puncture using the Seldinger technique. Based on the tumor number, size and the degree of
hemorrhage, 5–20 ml lipiodol mixed with epirubicin suspension and gelatin sponge fragments or
granules was injected into the tumor-feeding arteries under the guidance of digital subtraction
angiography by a catheter. Then, 100–150 mg oxaliplatin or 5-�uorouracil was slowly perfused into the
feeding artery according to the body weight and liver function status of patients. Finally, post-
embolization angiography was performed to determine the extent of embolization.
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Statistical analysis
Categorical data was expressed as frequencies and percentages and was analyzed with the chi-square
test or Fisher exact test. Continuous variables were expressed as medians and ranges and were analyzed
using the independent sample t‐test. Overall survival (OS) rates were estimated using the Kaplan–Meier
method. Factors that were found to be signi�cant in univariate analysis (p values less than 0.1) were
subjected to multivariate analysis. Factors in the nomogram were identi�ed by multivariate Cox hazard
analysis. The concordance index was calculated. Statistical analyses were performed using the SPSS
21.0 software. Statistical analyses of the nomogram were performed using the R software version 3.2.0.
The difference was considered as statistically signi�cant for p values less than 0.05.

Results

Baseline characteristics
Between January 2015 and April 2019, 55 patients with spontaneously ruptured HCC underwent
transarterial chemoembolization therapy were retrospectively reviewed. Of these, 47 were men and 8 were
women. The medain age was 55 years old (range 28–86 years) (Table 1). There were 42 men and 13
women. Hepatitis B virus (HBV) infection was the main aetiology of HCC (49, 89.0%). Only one patient
exhibited Hepatitis C virus (HCV) infection. A total of 23 (41.8%) patients presented with a tumor number
of more than 2, whereas 32 (58.2%) patients presented with a single tumor. The Child-Pugh classi�cation
indicated that 19 (34.5%) patients were included in class A, 28 (50.9%) in class B and 8 (14.5%) in class
C. There were 28 (50.9%) patients were in BCLC B stage and 27 (49.1%) patients were in BCLC C stage
respectively. There was no patient in BCLC A stage at diagnosis in our study. Vascular invasion was
observed in 21 (38.2%) patients. Distant metastasis was found in 14 (25.5%) patients.
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Table 1
Clinical characteristics of spontaneously ruptured HCC patients.

Variables Cases (%)

Age over 60 years 22 (40.0%)

Hypertension history 18(32.7%)

Child Pugh: A / B / C 19 (34.5%) / 28 (50.9%) / 8 (14.5%)

AFP > 400 ng/L 33(60.0%)

ALT > 120 U/L(3N) 12(21.8%)

AST > 120U/L(3N) 27(49.1%)

TBIL > 30umol/L(1.5N) 13(23.6%)

ALB ≤ 35 g/L 24(43.6%)

PT > 16 s 7(12.7%)

Hb (g/L) > 90 / 90 − 60/<60 21 (38.2%)/ 30 (54.5%) / 4 (7.3%)

Scr > 1.5 N 2(3.6%)

Positive HBsAg/HCV Ab status 49 (89.0%)/1(1.8%)

Maximum tumor size (cm): ≤5/>5

and ≤ 10/>10

11 (20.0%) / 26 (47.3%) / 18 (32.7%)

Tumor number: single/multiple 23 (41.8%) / 32 (58.2%)

Capsule formation: Yes/No 25 (45.5%)/30 (54.5%)

Vascular thrombus: Yes/No 21 (38.2%) / 34 (61.8%)

Extrahepatic invation: Yes/No 14 (25.5%) / 41 (74.5%)

BCLC stage : A / B/ C 0 (0%) /28 (50.9%) / 27 (49.1%)

AFP: alpha-fetoprotein; N: normal level; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; TBIL: total bilirubin; ALB: albumin; PT: prothrombin time; Hb: hemoglobin; Scr:
serum creatinine; HbsAg: hepatitis B surface antigen; HCV: Hepatitis C virus; BCLC: Barcelona Clinic
Liver Cancer

 

Overall survival
The median follow-up was 23.0 months (range 11.8–40.1 months). The median overall survival was 6.4
months, with 0.5-year and 1-year survival being 52.7% and 41.8%, respectively.
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Univariate and multivariate analysis
Univariate analyses showed that largest tumor size, total bilirubin level, and aspartate aminotransferase
(AST) were associated with overall survival (p < 0.1, Table 2). The multivariate Cox regression analysis
suggested that largest tumor diameter (P = 0.044) and total bilirubin level (P = 0.036) were independent
prognostic factors to predict overall survival (Table 3).

Table 2
Univariate analysis of factors related with overall survival

Factors P value

Hypertension history 0.826

Child Pugh score 0.164

AFP > 400 ng/L 0.533

ALT > 3N 0.336

AST > 3N 0.045

TBIL > 1.5N 0.001

Maximum tumor size 0.002

Vascular thrombus 0.446

Extrahepatic invation 0.231

BCLC stage 0.108

AFP: alpha-fetoprotein; N: normal level; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; TBIL: total bilirubin; BCLC: Barcelona Clinic Liver Cancer

Table 3
Multivariate analysis of factors related with overall survival

Factors HR 95% C.I. P value

TBIL 30umol/L 0.358 0.137–0.934 0.036

Maximum tumor size 1.012 1.000-1.025 0.044

AST 1.560 0.641–3.794 0.327

HR: hazard ratios; C.I.: con�dence interval; TBIL: total bilirubin; AST:

aspartate aminotransferase

 

Development of the risk score model
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A nomogram for individual patient risk strati�cation was created based on 2 clinically detectable
preoperative parameters: Largest tumor diameter and total bilirubin level (Fig. 1). Largest tumor diameter
was treated as a continuous variable and total bilirubin level (> 30umol/L, and ≤ 30umol/L) was treated
as a categorical factor.

The 1-year and 2-year survival probability of individual patient could be predicted before the TACE
procedure with the total points of largest tumor size and total bilirubin level (Fig. 2). The C-index of the
nomogram for OS prediction was 0.748 (95% CI: 0.691–0.805).

 

Discussion
Spontaneous rupture of HCC is one of the most common and lethal complications in liver
emergencies[11]. Previous studies have shown a very poor prognosis because of various degrees of
complications with HCC rupture, such as hypovolemic shock, acute hepatic or renal failure, and recurrent
tumor rupture[12, 13].

Several studies have indicated that emergency hepatectomy and TACE are the main treatments of
patients with HCC rupture[14–17]. As ruptured HCC always accompanied with coagulopathy or poor liver
function, only a limited number of patients can tolerate surgical hepatic resection[18, 19]. Several studies
have reported that TACE can be effective for patients with HCC rupture and achieves immediate
hemostasis[7, 20]. Kim and colleagues reported that TACE effectively achieved hemodynamic stability
and increased the 30-day survival in patients with a ruptured HCC[6]. Byung Seok Shin et al[5] reported an
overall median survival time of 179.6 days in patients with ruptured HCC and the 3-month, 6-month, and
12-month survival rates were 54%, 48%, and 43%, respectively. Similar to their study, we found the median
overall survival of HCC rupture patients was 6.4 months (192 days), with 0.5-year and 1-year survival
being 52.7% and 41.8%, respectively.

To improve our understanding of HCC rupture, several researchers have investigated the possible
predictive factors. Shin et al[5] revealed that higher blood transfusion requirement, Child-Pugh class C,
presence of portal vein thrombosis, and tumors involving both lobes were signi�cant predictors of poor
survival. However, in Shin’s study, there were no signi�cance of total bilirubin level, which was an
independent prognostic factor for overall survival in our study. The reason of the difference may be that
their subjects were all having a serum bilirubin level < 3.0 mg/dL. Kam‐Ho Lee et al[21] also reported that
bilirubin level was associated with early mortality in patients with spontaneous rupture of HCC following
hemostasis by emergency transarterial embolization. Kirikoshi et al[22] revealed that a maximum tumor
size exceeding 7 cm was the only independent factor determining long-term survival in patients with
initial TACE successfully performed after spontaneous HCC rupture. However, in our study, there were no
signi�cance of largest tumor diameter over 7 cm on the survival rate, as determined by multivariate
analysis. In the present study, the endpoint of maximum tumor size over 10 cm was determined to be an
independent predictor of survival rate. This discrepancy may be associated with the different follow up
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time and the different baseline characteristics of the subjects. Additional investigations are required to
address this discrepancy.

A prognostic store system could facilitate clinical counseling and guide doctor’s treatment and follow-up
plans. In recent years, an increasing number of nomograms have been used in cancer and other
�elds[23–25]. The nomograms are easy and convenient, highly accurate, and can help to make more
suitable clinical decisions. Qiuhe Wang et al[26] developed a six-and-twelve score that can predict
individual outcome with prognostic model for recommended or ideal TACE candidates with
hepatocellular carcinoma. Although TACE has been widely used for spontaneously ruptured HCC, no
existing models can be used for survival prediction. In the present study, we developed and validated a
nomogram for risk prediction of HCC rupture after TACE treatment. And our study was the �rst
investigation that this nomogram was applied in HCC rupture and TACE risk. Moreover, the C-index of this
nomogram for OS prediction was 0.748 (95% CI: 0.691–0.805). The C-index in the interval validation
indicated that this nomogram can be widely and accurately used. Based on the nomogram, we have
provided an easy-to-used tool for predicting OS of ruptured HCC patients. With an estimate of individual
risk, clinicians are able to make more suitable decisions on HCC rupture treatment. However, this
nomogram requires external validation, and a larger sample size is needed to determine whether the
nomogram is suitable for predicting TACE in HCC ruptured patients. Multicenter research may further
improve and validate it.

Conclusions:
Our results indicated that largest tumor diameter and total bilirubin level were independent prognostic
factors to predict overall survival of ruptured HCC patients. The present study developed a novel
nomogram with a relatively good accuracy to estimate the prediction in ruptured HCC patients when
starting TACE treatment. This study may help to improve the perioperative strategy and treatment
outcome.
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Figure 1

Kaplan-Meier curves for overall survival probability according to maximum tumor diameter and TBIL
levels. (A) Kaplan Meier survival curves for comparison of OS in the low- maximum tumor diameter level
(≤10cm) and high-maximum tumor diameter level ( 10cm) groups (P<0.05). (B) Kaplan Meier survival
curves for comparison of OS in the low-TBIL level (≤ 30 umol/L) and high-TBIL level ( 30umol/L) groups
(P<0.05).
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Figure 2

Nomogram of the model for individual survival prediction. TBIL: total bilirubin; Diameter: maximum tumor
diameter


