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ABSTRACT Objective: Spontaneous hepatocellular carcinoma (HCC) rupture can be fatal, and hepatic resection could achieve a favorable
long-term survival among all strategies of tumor rupture. However, there is no available prognostic scoring system for patients
with ruptured HCC who underwent partial hepatectomy.

Methods: From January 2005 to May 2015, 129 patients with spontaneous HCC rupture underwent partial hepatectomy.
Preoperative clinical data were collected and analyzed. Independent risk factors affecting overall survival (OS) were used to
develop the new scoring system. Harrell’s C statistics, Akaike information criterion (AIC), the relative likelihood, and the log
likelihood ratio were calculated to measure the homogeneity and discriminatory ability of a prognostic system.

Results: In the multivariable Cox regression analysis, three factors, including tumor size, preoperative a-fetoprotein level, and
alkaline phosphatase level, were chosen for the new tumor-associated antigen (TAA) prognostic scoring system. The 1-year OS
rates were 88.1%, 43.2%, and 30.2% for TAA scores of 0-5 points (low-risk group), 6-9 points (moderate-risk group), and 10-13
points (high-risk group), respectively. The TAA scoring system had superior homogeneity and discriminatory ability (Harrell’s C
statistics, 0.693 vs. 0.627 and 0.634; AIC, 794.79 vs. 817.23 and 820.16; relative likelihood, both < 0.001; and log likelihood ratio,
45.21 vs. 22.77 and 21.84) than the Barcelona Clinic Liver Cancer staging system and the Cancer of the Liver Italian Program in
predicting OS. Similar results were found while predicting disease-free survival (DFS).

Conclusions: The new prognostic scoring system is simple and effective in predicting both OS and DFS of patients with
spontaneous ruptured HCC.

KEYWORDS Spontaneous rupture; prognostic scoring system; homogeneity; discriminatory ability; overall survival; disease-free survival;
hepatocellular carcinoma

Introduction have confirmed that surgical resection (whether emergency
or staged) could achieve a better long-term survival than other

Spontaneous rupture of a tumor is considered fatal in patie- treatments in selected patients and is a safe and effective ther-

nts with hepatocellular carcinoma (HCC), with a reported
incidence rate ranging from 3% to 15%!'“. HCC ruptures
may lead to dismal clinical outcomes, and mortality rates in
the acute phase remain high>-8. The treatment and prognosis
of ruptured HCC remain controversial as yet. Some treat-
ment strategies have been reported, including supportive
care, transcatheter arterial embolization (TAE), emergency
liver resection, and staged hepatectomy!’*3. Many studies
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apy in hospital>69-13,

However, given this condition’s rare occurrence, only a
limited number of studies have been conducted to determine
the prognostic factors for postoperative survival; to our
knowledge, no postoperative prognostic model has been
proposed. Therefore, a new prognostic scoring system for
patients with ruptured HCC who underwent partial
hepatectomy is needed.

The present study aimed to create and validate a new
postoperative scoring system for patients with spontaneous
HCC rupture based on the 10-year clinical data of a large
single center. We also aimed to compare the discriminatory
ability and homogeneity of the new model with the existing
classification systems [Barcelona Clinic Liver Cancer (BCLC),
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the Cancer of the Liver Italian Program (CLIP), and the
Okuda system].

Patients and methods
Patient selection

Between January 2005 and May 2015, 246 patients with
complete data were diagnosed with spontaneous rupture of
HCC at Tongji Hospital of Tongji Medical College of
Huazhong University of Science and Technology, Wuhan,
China. Among them, 86 patients underwent non-surgical
treatment (50 for transcatheter hepatic arterial embolization
or transcatheter hepatic arterial chemoembolization and 36
for best supportive care), and 141 patients underwent
surgical treatment ultimately. About 12 of the 141 patients
underwent palliative surgery such as microwave coagulation
therapy, ligation of the hepatic artery, or suturing ligation
surgery instead of partial hepatectomy. A total of 129 patients
were included in the analysis (Figure 1).

Diagnosis, treatment, and follow-up

Normally, the diagnosis of HCC rupture was based on signs
and symptoms upon admission, such as acute abdominal
pain and shock, and confirmed by at least two of the
following kinds of imaging examinations: abdominal
ultrasonography (US), magnetic resonance imaging (MRI),
and/or spiral computed tomography (CT) scanning.
Diagnostic abdominal paracentesis was performed in patients

Loss of follow-up or
without complete data
(n=19)

Patients with ruptured
HCC

(n = 246)

Patients with
complete data
(n=227)

Non-surgical treatment (n = 86)
induding best supportive care
(n=36) and TAE or TACE (n = 50)

A

Surgical treatment Pallative operation
(n =141) (n=12)

Radical resection
(n = 129)

Figure 1 Study flowchart. TACE, transcatheter arterial

chemoembolization; TAE, transcatheter arterial embolization.

without contraindications. Ultimately, hemorrhage was
confirmed by surgical exploration. Routine pre-operation
testing included a peripheral blood test; liver and kidney
function checks; serum electrolyte, serum markers of
hepatitis B and C viruses; and serologic a-fetoprotein (AFP)
measurements; electrocardiography; coagulation function;
and chest X-ray.

The primary goal of acute management was maintaining
stable hemodynamics (to avoid hemorrhagic shock) by
means of active vein fluid resuscitation, and blood products
would be used if indicated. All hospitalized patients who had
unstable hemodynamics were closely monitored in the
intensive care unit or ward. Following the initial immediate
treatment in most cases, bleeding could be controlled
spontaneously. TAE was deemed an effective therapy in
achieving hemostasis in patients without severely impaired
liver function or other contraindications. Child-Pugh C
grade was recognized as an absolute contraindication for
both liver surgery and TAE. After TAE, partial hepatectomy
was taken into account. Definitive treatment was based on
tumor extent, the status of liver function, the general
condition of the patient, and the treatment wishes of the
patient and his or her family members.

Partial hepatectomy comprised single or multiple hepatic
resections aiming at excising all visible malignant tissue. All
operative procedures were performed by experienced
surgeons, and the abdominal cavity was extensively explored
during the operation. During the resection, Pringle’s
maneuver was applied when necessary to occlude the hepatic
blood inflow. The desirable tumor margin during resection
was more than 1 cm. Transection of liver parenchyma was
traditionally implemented using the clamp-crushing
technique or sometimes using a BiClamp or ultrasonic
scalpel. Sutures and an argon beam coagulator were used for
hemostasis. The degree and type of differentiation and
cirrhosis were confirmed by postoperative pathological
examination.

During the study period, various types of outpatient
examinations, telephone interview, or re-admission were
performed. The follow-up period ended on December 31,
2017, or when the patient died or was lost to follow-up. All
patients were followed up once a month for 6 months after
the operation and then every 3 months if there was no
recurrence. Tests for complete blood count, liver and kidney
function, coagulation function, and serum AFP level;
abdominal ultrasonography; and chest X-ray were performed
routinely after the operation. Digital subtraction
angiography, abdominal CT or MRI, bone scan, chest CT,
head CT, or positron emission tomography (PET) might be
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performed in patients with suspected relapse. The treatment
recommendations in cases of tumor recurrence have been
decided at a multidisciplinary liver tumor conference
and include reoperation, percutaneous ablative therapy,
percutaneous ethanol injection, transarterial
chemoembolization (TACE), radiotherapy, intravenous
chemotherapy, and sorafenib (since 2008) oral tablets. The
treatment decision was usually made after a consultation
with the patient and the family members. DFS was defined as
the time interval from the date of surgery to recurrence or the
latest follow-up if no evidence of recurrence was found. OS
also was recorded. This study adhered to the ethical
principles set by the Declaration of Helsinki.

Statistical analysis

The optimum cut-off value of alkaline phosphatase (ALP)
was 100.5 U/L, based on the maximum sum of sensitivity and
specificity of the ALP value for predicting OS in receiver
operating characteristic curve analysis. Tumor size was
divided into three levels using cut-off values of 5 and 10 cm.
Likewise, AFP was divided based on the cut-off values of 20
and 400 ng/mL. All statistical analyses were conducted using
SPSS 24.0 (IBM Corp., Armonk, NY, USA) and R software
3.4.3 for Windows (http://www.r-project.org), combined
with other packages (Harrell Miscellaneous, survival,
survminer, ggsurvplot, and ggpar). A two-sided P-value of
< 0.05 was considered significant. Continuous data were
summarized as mean + standard deviation (SD) or median
(range or quartile) for ordinal and non-normally distributed
variables, respectively. Categorical data were expressed as
number (n) or proportion (%). Continuous data between
groups were compared using Student’s t-test when it met the
application conditions; otherwise, the Mann-Whitney U test
was used. Categorical data were compared using x? test with
(or without) the Yates correction or Fisher’s exact test,
depending on the situation. Univariate survival analysis of
OS and DFS was performed, and the results were compared
using a log-rank test and presented with Kaplan-Meier
curves. After initial univariate survival analysis, multivariate
Cox survival analysis was carried out, and the hazard ratios
(HR) and 95% confidence intervals (95% CI) were estimated.

The results of regression coefficient ratios in the final Cox
model for OS were obtained and rounded to the nearest
whole number for further analysis. We received the final
weights of each factor using this approach. After adding up
the weights of all risk factors, the evaluation risk scores of
tumor-associated antigen (TAA) were obtained. All cases
were ultimately divided into three risk groups according to
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their TAA scores. The survival rate among the three risk
groups was compared by log-rank test.

The patients were divided into risk groups based on the
TAA scoring system (stages I, II, and III), BCLC staging
system (stages A, B, and C), and CLIP classification.
Homogeneity and discriminatory ability were observed to
measure the performance of a classification system!415,
Harrell’s C statistics (C-index) was used to determine the
discriminatory ability of the TAA scoring system, BCLC
staging system, and CLIP classification system. The C-index
ranges from 0.5 (no discrimination) to 1.0 (perfect
discrimination). A higher C-index implies superior
discriminative ability in each prognostic system.
Homogeneity was evaluated by the log likelihood ratio
generated from the Cox proportional hazard model. A higher
log likelihood ratio in the model suggests better homogeneity
of postoperative survival of those patients in the same stage.
In addition, the Akaike Information Criteria (AIC) was used
to determine the discriminatory ability of a given prognostic
model. A lower AIC indicates lower information loss of the
model and better goodness of fit. The relative likelihood of
models represents the probability that TAA minimizes
information loss as effectively as BCLC (or CLIP) and can be
interpreted succinctly as a P-value for the comparison of AIC
differences. The relative likelihood of TAA vs. BCLC or CLIP
model was calculated using the following formula: exp
[(AIC,/AIC;, . or CLIP)/2].

Results
Patient and tumor characteristics

All patients (113 men and 16 women) during the study
period who underwent partial liver resection had a mean age
of 463 £ 11.5 years. Table 1 summarizes patients’
demographic, clinical, and laboratory characteristics. Among
them, 116 patients (83.5%) were HBsAg positive. The
median size (maximum diameter) of the liver tumor was 70
mm (interquartile range, 50-100 mm), among which most
were single tumors (1 = 98, 76.0%). On admission, shock was
present in 23 (17.7%) patients in our cohort. Further details
could be found in Table 1.

At the end of follow-up, 99 (70.7%) patients died,
including 98 (69.7%) who died due to tumor-related or liver-
related causes. Only 1 (1.0%) patient died due to myocardial
infarction, and that was the only case of postoperative
hospital death reported in this study. OS rates for 1, 2, 3, and
5 years were 53.5%, 37.2%, 30.8%, and 19.6%, respectively,
and 1-, 2-, 3-, and 5-year DEFS rates were 33.3%, 21.7%,
18.3%, and 10.7%, respectively.
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Table 1 Demographic, clinical, and laboratory characteristics of
patients with ruptured HCC who underwent partial liver resection
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Continued

Characteristics

All patients (n = 139)

Characteristics

All patients (n = 139)

Age (year)*
Gender
Male
Female
HBs-Ag (+)
HCV-Ab (+)
Tumor size (cm)**
Tumor number
Solitary
Multiple
Tumor differentiation
Well or moderately
Poorly
Preoperative TAE
Yes
No
Hepatic inflow occlusion
Yes
No
Cirrhosis
Yes
No
Portal hypertension
Yes
No
MVI
Yes
No
Shock
Yes
No
Alcohol consumption
Yes

No

Preoperative blood loss (mL)

<500

46.3 + 115

113 (87.6%)
16 (12.4%)
116 (83.5%)
8 (6.2%)

7.0 (5.0-10.0)

98 (76.0%)
31 (24.0%)

67 (51.9%)
62 (48.1%)

18 (14.0%)
111 (86.0%)

68 (52.7%)
61 (47.3%)

89 (69.0%)
40 (31.0%)

11 (8.5%)
118 (91.5%)

24 (18.6%)
105 (81.4%)

23 (17.8%)
106 (82.2%)

32 (24.8%)
97 (75.2%)

69 (49.6%)

> 500
BT in hospital
Yes
No
ALT (U/L)**
AST (U/L)**
TBIL (umol/L)**
ALP (U/L)**
INR*
Platelet (x10%/L)*
Albumin (g/L)*
Cholesterin (mmol/L)*
Creatinine (umol/L)*
AFP (ng/mL)
<400
> 400
NLR
<4
>4
PLR
<150
> 150
LMR
<2
> 2
Child-Pugh score
A
B
ALBI grade***
Gradel
Grade2
Grade3
BCLC stage
Stage A
Stage B
Stage C
Okuda stage
I

60 (46.5%)

77 (59.7%)

52 (40.3%)

31.0 (21.5-47.0)
38.0 (28.0-66.0)
14.2 (10.7-19.0)
79.0 (59.5-96.0)
119 £ 0.27
1758 £ 83.1
35.36 + 6.03
3.63 £1.22
70.68 + 15.96

47 (36.4%)
82 (63.6%)

65 (50.4%)
64 (49.6%)

72 (55.8%)
57 (44.2%)

58 (45.0%)
71 (55.0%)

106 (82.2%)
23 (17.8%)

31 (24.0%)
94 (72.9%)
4 (3.1%)

74 (57.4%)
27 (20.8%)

28 (21.7%)

93 (71.3)

Continued

Continued
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Continued

Characteristics All patients (n = 139)

Il 35(27.1)
il 1(0.8)
CLIP stage
0 30(23.3)
1 45 (34.9)
2 41 (31.8)
3 9 (7.0)
4 4(3.1)

TAE, transcatheter arterial embolization; MVI, macroscopic
vascular invasion; BT, blood transfusion; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; T-BIL, total
bilirubin; ALP, alkaline phosphatase; INR, international
normalized ratio; AFP, a-fetoprotein; NLR, neutrophil-to-
lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR,
lymphocyte-to-monocyte ratio; ALBI, albumin-bilirubin; BCLC,
Barcelona Clinic Liver Cancer. *Mean * standard deviation (SD).
**Median (interquartile range). ***The albumin-bilirubin (ALBI)
grade was calculated using the following formula: ALBI score =
(logl0 bilirubin x 0.66) + [albumin x (-0.085)], and the
continuous ALBI score was attributed as follows: grade 1 (score
< -2.60); grade 2 (score >-2.60 but < -1.39); grade 3 (score
>-1.39).

Prognostic factors

Univariate survival analysis identified the following indexes
associated with OS: tumor size, macroscopic vascular
invasion, total bilirubin level, AFP level, ALP level, and blood
transfusion in the hospital. In addition, aspartate
aminotransferase factor level >40 U/L was a risk factor for
poor DFS not OS (Supplementary Table S1). Each variable
with a P-value <0.05 in the univariate analysis was used in
the multivariable model. Multivariable Cox regression
showed that tumor size (T), AFP (A) and ALP (A)
(Supplementary Figure S1) were independent risk factors
associated with OS. Similar results were also found for DFS
(Table 2).

Prognostic index

In Cox regression, the coefficients (B) and hazard ratio (HR)
for each risk factor were reported in Table 2. In the final
model, three factors for OS were adopted. The three
prognostic factors were tumor size < 5 cm (weight, 0), 5-
10 cm (weight, 4), or > 10 cm (weight, 5); AFP <20 ng/mL
(weight, 0), 20-400 ng/mL (weight, 3), or >400 ng/mL
(weight, 5); and ALP >100.5 U/L (weight, 3) (Table 3). Risk
scores ranged from 0 to 13 points. All patients were grouped
based on their risk scores; approximately 88.1% of patients
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with low risk (0-5 points, n = 42) survived more than 1 year,
compared with 43.2% of those with moderate risk (6-
9 points, n = 44) and 30.2% of those with high risk (10—
13 points, n = 43). OS rates among different risk score groups
classified based on the TAA scoring system were significantly
different, as shown in Figure 2 (P < 0.001). OS rates for 2, 3,
and 5 years were 73.8%, 64.1%, and 44.2%, respectively, in
the low-risk group and 27.3%, 24.8%, and 15.5%,
respectively, in the moderate-risk group. However, the OS
rates were only 9.3%, 4.7%, and 0, respectively, in the
high-risk group.

In addition, the difference in DFS was also highly
significant in the new staging system (Supplementary
Figure S2).

The CLIP and BCLC showed significant difference in
terms of predicting both OS (Figure 2) and DFS
(Supplementary Figure S2) (both P < 0.001). Unfortunately,
no significant difference was found for Okuda system neither
in OS (Figure 2) (P = 0.678) nor in DFS (Supplementary
Figure S2) (P = 0.074); thus, it was not included in the
further analysis.

Model assessment

Homogeneity and discriminatory ability were evaluated by
Harrell’s C statistics, AIC, and log likelihood ratio. The TAA
scoring system showed a higher Harrell’s C statistic (0.693)
compared with the traditional BCLC (0.627) and the CLIP
(0.634) classification system. This result demonstrates that
the discriminatory ability of the new TAA staging is better
than the old ones. Similarly, the TAA scoring system had a
lower AIC (794.79) compared with the BCLC (817.23) and
the CLIP (820.16) classification system. Likewise, the TAA
scoring system correlated with less information loss than
both the BCLC and CLIP in predicting OS (both the relative
likelihood < 0.001). Similar results were found for the log
likelihood ratio (TAA to BCLC to CLIP, 45.21 : 22.77 : 21.81)
(Table 4). Thus, the TAA score system has better
discriminatory ability and homogeneity for predicting OS
than the BCLC classification system.

Furthermore, the new staging system showed higher
homogeneity and discriminatory ability in predicting DFS
(Supplementary Table S2).

Hence, the TAA scoring system could be more informative
than the Okuda, BCLC, and CLIP classification system for
predicting survival.

Discussion

Spontaneous tumor rupture is uncommon but fatal in
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Table 2 Multivariate analysis of predictive factors associated with overall survival (OS) and disease-free survival (DFS)

oS DFS
Variables
B HR (95%CI) P B HR (95%CI) P

Tumor size (cm) 0.015 0.005

5-10/<5 0.789 2.200 (1.185-4.085) 0.013 0.576 1.779 (1.019-3.104) 0.043

> 10/<5 0.950 2.586 (1.346-4.968) 0.004 1.002 2.724 (1.490-4.981) 0.001
MVI

Yes/no 0.509 1.664 (0.962-2.879) 0.069 0.508 1.129 (0.729-1.750) 0.587
TBIL (umol/L)

>17.1/<17.1 0.238 1.269 (0.808-1.991) 0.301 0.191 1.211 (0.789-1.859) 0.382
AFP (ng/mL) 0.003 0.008

20-400/< 20 0.576 1.779 (0.782-4.048) 0.170 0.491 1.633 (0.758-3.518) 0.210

> 400/< 20 0.967 2.629 (1.495-4.624) 0.001 0.794 2.212 (1.337-3.659) 0.002
ALP (U/L)

>100.5/< 100.5 0.560 1.751 (1.070-2.865) 0.026 0.559 1.749 (1.074-2.848) 0.025
BT in hospital

Yes/no 0.157 1.170 (0.748-1.831) 0.491 0.121 1.129 (0.729-1.750) 0.587
AST (U/L)

> 40/< 40 0.097 0.907 (0.579-1.422) 0.672

B, the coefficients in the COX regression; HR, hazard ratio; Cl, confidence interval; MVI, macroscopic vascular invasion; TBIL, total bilirubin;
AFP, a-fetoprotein; ALP, alkaline phosphatase; BT, blood transfusion; AST, aspartate aminotransferase.

Table 3 Components of the TAA risk scores

Risk factor Score

Tumor size (cm)

<5 0

5-10 4

> 10 5
AFP (ng/mL)

<20 0

20-400 3

> 400 5
ALP (U/L)

<100.5 0

> 100.5 3

Low-risk group, scores 0-5; moderate-risk group, scores 6-9;
high-risk group, scores 10-13. AFP, a-fetoprotein; ALP, alkaline
phosphatase.

patients with HCC>®. The mechanism of tumor rupture is
still uncertain. Risk of tumor rupture was reported to
associate with expanding growth tumor size, tumor necrosis,

and hepatic vein obstruction by a tumor thrombus®16-1°. The
leading cause of death after tumor rupture was either
bleeding complications or hepatic failure in the short term?’.
Compared with TAE or conservative management alone,
hepatic resection was reported to achieve a better in-hospital
or l-month survival. In addition, the cause of death was
related to tumor-related events in the long-term survival,
consisting of tumor recurrence or metastasis?. By contrast,
surgical resection could achieve a more favorable long-term
outcome?’. Hence, partial hepatectomy would be the best
treatment due to its effect on both short-term and long-term
survival>®-12.20,

In the current HCC staging systems, tumor rupture is
arbitrarily classified as T4 disease regardless of other tumor
or clinical index?!-23, although this classification of ruptured
HCC remains controversial because of its inability in
reflecting a true prognosis accurately?4. Thus, tumor node
metastasis (TNM) staging systems are unavailable to
reclassify HCC rupture. The Japan Integrated Staging score
was based on the TNM staging and consequently, was not
included in the analysis. The BCLC classification system?%-28
could be used in patients with this type of disease, but the
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Figure 2 Overall survival predicted by TAA scoring systems (A), the Barcelona Clinic Liver Cancer (BCLC) classification systems (B), the

Cancer of the Liver Italian Program (C), and the Okuda system (D). Differences were analyzed using the log-rank test.

Table 4 Comparison of TAA, BCLC and CLIP prognostic scoring
system in predicting overall survival (OS)

Predictor TAA BCLC CLIP
model model model
Harrell's C statistic 0.693 0.627 0.634
AIC 794.79 817.23 820.16
Log likelihood ratio 45.21 22.77 21.84
Relative likelihood of AIC <0.001 <0.001

(BCLC or CLIP vs. TAA)

AIC, Akaike information criterion.

Eastern Cooperative Oncology Group performance scores
may not be applicable to bed-bound patients. In our hepatic
surgery center, about half of the patients with spontaneous
ruptured HCC were treated with partial hepatectomy, and we

consequently analyzed the postoperative risk factors of these
129 patients. Results showed that there is a significant
relationship between the following factors: tumor size, AFP,
ALP, and postoperative outcomes in patients with
spontaneous ruptured HCC. Furthermore, we developed and
validated a simple TAA scoring system that can effectively
predict the OS and DFS of these patients.

In the present study, tumor size can be an independent
risk factor for survival of patients with spontaneous ruptured
HCC, and this finding is consistent with that reported in a
previous large patient cohort study in China'2. Tumor size
was classified by the cut-off value of 5 and 10 cm in our study
(median diameter of the tumor was 7.0 cm). To date, the
largest proportion of patients with HCC rupture was the

subject of a nationwide survey in Japan reported by Aoki
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et al.?* In this study, tumor size was considered as the main
independent risk factor of survival, with the largest odds
ratio. In addition, relatively high tension in large tumors
suggested an association with the occurrence of spontaneous
tumor rupture!. A study in China also suggested a link
between tumor size > 5 cm and high propensity for rupture?.
In summary, large tumor size suggests not only a rupture
tendency but also worse chance of survival. Furthermore,
tumor size has been included in many prognostic evaluation
systems for HCC, such as TNM, BCLC, Okuda, Chinese
University Prognostic Index (CUPI), and CLIP?1:2%30-32,

AFP, as a serum cancer marker, is used frequently for HCC
diagnosis and prognosis prediction including CLIP and
CUPI?!-%7. Levels of AFP were also reported as a survival risk
factor in patients with spontaneous ruptured HCC!2. This
present study showed that AFP could predict overall survival
and tumor recurrence. Occasionally, the sensitivity of AFP
may be unsatisfactory for the detection of HCC37-3%; however,
in our study, ALP may have a prognostic role, even though
serum AFP was negative (Supplementary Figure S1).

ALP, not a tissue-specific marker, can exist in all tissues
and organs of the body. As the cause of liver damage and
cholestasis, an elevated ALP level can be found in some
hepatobiliary disease, such as primary biliary cirrhosis,
cholangitis, choledocholithiasis, hepatitis*?-43. The common
ground of all these diseases is inflammation, which could
play a role in tumor formation. Meanwhile, ALP was
observed to have prognostic value for tumors such as HCC*
and cholangiocarcinoma#®. Moreover, it has been used in
prognostic scoring systems for HCC (CUPI)3! and
intrahepatic cholangiocarcinoma“t. Furthermore, ALP can
affect tumor proliferation by undergoing nucleolar
localization, as observed under an electron microscope®’. In a
cancer cell line such as Hep-G2, ALP was found to participate
in cell cycles?’. In general, ALP participates in tumor
formation and represents inflammation reactions in various
ways. In patients with ruptured HCC, the state of stress,
blood loss, complex tumor status, poor liver function, and
the worse general situation may suggest a more obvious
inflammatory condition that may contribute to tumor
formation. However, further research is needed to explore
the mechanism underlying this.

This study showed that ALP has a predictive role for the
survival of patients with spontaneous ruptured HCC who
underwent partial hepatectomy. ALP is an easily accessible
and relatively inexpensive laboratory index after admission.
As aliver function parameter, ALP level can be a predictor of
both OS and DFS independently after adjusting for other
factors in the multivariate analysis.

Based on these three factors, we developed a new
prognostic scoring system (TAA). The optimal prognostic
classification system should have the maximal discriminatory
ability to predict survival outcomes of different stages of
ruptured HCC while keeping the variability of survival
outcomes for each stage of the classification system to a
minimum. The BCLC staging system, as a commonly
accepted clinical classification, has provided recommended
treatment strategies for different stages of HCC accordingly.
Unfortunately, tumor rupture, a complication of HCC that
requires urgent care, has not been fully considered in the
BCLC staging system. This might be one of the possible
reasons that the BCLC classification system did not display
superior homogeneity and discriminatory ability in
our study.

This research was implemented in one of the largest liver
surgery centers in China; moreover, all surgeons had several
years of practical experience in liver resection as treatment
for hepatic tumors. When patients were diagnosed with HCC
rupture, partial hepatectomy was first considered after
admission. Partial hepatectomy would be performed when
the patient met the application conditions. In our study, the
proportion of patients with HCC rupture who underwent
hepatic resection was 52.4% (129 of 246), which was higher
than those reported in previous studies®>12:48,

This study had a few limitations. First, because of the
retrospective nature of this study, its inherent shortcomings
are unavoidable. Second, as a relatively rare disease, only a
limited number of patients with HCC rupture underwent
partial hepatectomy. Thus, only fewer patients were available
for further analysis. Finally, owing to a larger proportion of
hepatitis B virus-related HCC patients in this study, the
patients’ clinical features may differ from those in Western
countries.
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(O DFS
Variables
HR(95%CI) P HR(95%CI) P

Gender

Male/Famale 1.010 (0.551-1.851) 0.974 0.814 (0.456-1.454) 0.487
Age (year)

> 50/< 50 0.878 (0.586-1.316) 0.529 0.821 (0.561-1.200) 0.309
Tumor size (cm)

>5/<5 3.284 (1.884-5.723) <0.001 2.989 (1.827-4.892) <0.001
Tumor number

Multiple/Solitary 1.460 (0.925-2.305) 0.104 1.892 (1.238-2.894) 0.003
Tumor differentiation

Poorly/Well or moderately 1.411 (0.950-2.095) 0.088 1.234 (0.849-1.794) 0.271
Cirrhosis

Yes/No 0.993 (0.648-1.523) 0.976 1.109 (0.740-1.662) 0.617
Portal hypertension

Yes/No 1.221 (0.614-2.427) 0.570 1.252(0.651-2.409) 0.501
MVI

Yes/no 3.035 (1.870-4.924) <0.001 2.775 (1.736-4.437) <0.001
Alcohol

Yes/no 0.878 (0.550-1.402) 0.586 0.765 (0.492-1.188) 0.233
Shock

Yes/no 1.606 (0.990-2.606) 0.055 1.417 (0.887-2.265) 0.145
Preoperative TAE

Yes/no 0.767 (0.427-1.377) 0.375 1.129 (0.673-1.896) 0.646
Preoperative blood loss (mL)

> 600/< 600 0.935 (0.628-1.393) 0.743 0.933 (0.642-1.356) 0.716
BT in hospital

Yes/no 1.594 (1.053-2.412) 0.027 1.570 (1.062-2.323) 0.024
Cholesterin (mmol/L)

>37/<37 1.040 (0.697-1.551) 0.848 0.982 (0.672-1.435) 0.924
Creatinine (umol/L)

> 104/< 104 1.465 (0.459-4.670) 0.519 1.236 (0.388-3.935) 0.720
ALT (U/L)

> 40/< 40 0.755 (0.489-1.165) 0.204 0.913 (0.611-1.364) 0.657
AST (U/L)

> 40/< 40 1.395 (0.940-2.071) 0.099 1.554 (1.068-2.259) 0.021

Continued
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Continued
(ON DFS
Variables
HR(95%CI) P HR(95%CI) P

Albumin (g/L)

> 35/< 35 1.066 (0.716-1.588) 0.752 0.976 (0.672-1.417) 0.897
TBIL (pmol/L)

>171/<17.1 1.518 (1.009-2.285) 0.045 1.482 (1.003-2.190) 0.048
ALP (U/L)

> 100.5/< 100.5 2.878 (1.835-4.516) <0.001 2481 (1.611-3.820) <0.001
INR

>1.25/<1.25 0.951 (0.596-1.517) 0.833 0.978 (0.633-1.510) 0.919
Platelet (x10° /L)

> 100/< 100 1.019 (0.587-1.770) 0.946 0.950 (0.573-1.576) 0.843
Child-Turcotte-Pugh

B-C/A 0.727 (0.429-1.232) 0.236 0.860 (0.538-1.373) 0.527
ALBI2

2-3/1 0.969 (0.356-2.640) 0.951 0.858 (0.316-2.331) 0.764
NLR

>4/<4 0.919 (0.618-1.366) 0.676 0.961 (0.662-1.395) 0.833
PLR

> 150/< 150 0.876 (0.586-1.309) 0.518 0.806 (0.552-1.178) 0.266
LMR

>2/<2 0.928 (0.625-1.380) 0.713 0.994 (0.684-1.444) 0.976
AFP (ng/mL)

> 400/< 400 2.804 (1.781-4.415) <0.001 2.522 (1.664-3.821) <0.001

SD, standard deviation; TAE, transcatheter arterial embolization; MVI, macroscopic vascular invasion; BT, blood transfusion; ALT, alanine
aminotransferase; AST, aspartate aminotransferase; T-BIL, total bilirubin; ALP, alkaline phosphatase; INR, international normalized ratio;
AFP, a-fetoprotein; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; ALBI,
albumin-bilirubin; BCLC, Barcelona Clinic Liver Cancer. aThe ALBI grade was calculated using the following formula: ALBI score = (log10
bilirubin x 0.66) + (albumin x —0.085), and the continuous ALBI scores were attributed as follows: grade 1 (score < -2.60); grade 2 (score >
—-2.60 but < -1.39); grade 3 (score > —-1.39).
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Figure S1 Overall survival (A) (C) (E) and disease-free survival (B) (D) (F) in all patients (A) (B). Patients were classified into an AFP-positive
group (n = 94) (C) (D) and AFP-negative group (n = 35) (E) (F). Differences between different ALP groups were analyzed using the log-rank
test for the significance of differences.
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Table S2 Comparison of TAA, BCLC and CLIP prognostic scoring systems in predicting disease-free survival (DFS)

Predictor TAA model BCLC model CLIP model
Harrell's C statistic 0.686 0.633 0.640

AIC 884.15 902.32 900.57

Log likelihood ratio 42.30 2413 27.88
Relative likelihood of AIC <0001 <0001

(BCLC or CLIP vs. TAA)

AIC, Akaike information criterion.
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Figure S2 Disease-free survival in different TAA scoring systems (A) and BCLC classification systems (B), CLIP system (C), and Okuda system
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(D). Differences were analyzed by the log-rank test for the significance of differences.



