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ABSTRACT

Repeated transarterial chemoembolization (TACE) treatment is often
needed to increase tumor response and survival of unresectable
hepatocellular carcinoma (HCC) patients. However, not all patients
experience similar benefit from retreatment. This study aimed to
determine the effectivity of the Assessment for Retreatment with
TACE (ART) score and clinical determinant in predicting repeated
TACE impact on overall survival (OS). This study was a retrospective
analysis towards HCC patients undergoing at least 2 TACE sessions
was performed. The ART score was calculated one day before each
repeated TACE session, and patients were divided into 0-1.5 and >
2.5 groups. Out of thirty-two HCC patients, 59.4% (n=19) patients
revealed ART score 0-1.5 points, while 40.6% (n=13) patients had
score > 2.5 points prior to TACE-2 session. Median OS of the whole
subject was 7.6 months (95% Cl: 5.9-9.3) with overall 1-year survival
rate of 28.2%. The ART score was found to be a significant predictor

INTRODUCTION

The most common hepatitis infection in Indonesia is
hepatitis B infection that is caused by hepatitis B viral (HBV)
(1). One of the effects of hepatitis B diseases is hepatocellular
carcinoma (HCC) (2). Transmission of HBV is parenteral, in
contact with blood or other body fluids (3,4). In addition,
intra-familial transmission is a potential source of HBV-
infected patients (5). HBV acquisition in early life is mostly
asymptomatic but associated with a particular risk of
developing chronic infection (6).

Hepatocellular carcinoma (HCC) is the most frequent
primary liver cancer mainly found in patients with chronic
liver disease and cirrhosis, ranking the sixth most common
cancer and the fourth cause of cancer related-death
worldwide in 2018 (7). Other causes that can develop HCC
are non-alcoholic fatty liver disease, aflatoxin, alcohol, and
genetic factors (8). The highest incidence is obtained in China
(55%) followed by sub-Saharan Africa due to high prevalence
of HBV infection (9). Although there were no exact data yet,
HCC incidence in Indonesia is estimated to be high since the
basic health survey reported that Indonesia had moderate
endemicity of HBV infection (10). The incidence and
mortality of HCC in the world are quite similar per year
(about 841,000 new cases and 782,000 deaths), which point
out poor prognosis of this disease (7,11).

Treatment allocation and prognosis of HCC patients are not
only affected by tumor itself but also the remaining liver
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of survival (median OS and ART score of 0-1.5 vs. 2 2.5 points; 11 vs
4.9 months; respectively, P = 0.020), although in sub-analysis
according to time intervals (<90 vs. >90 days) showed no statistically
difference that might be due to low sample size. Moreover, AFP levels
>200 ng/mL was the only one clinical determinant that associated
with poor survival. The ART score has potential to be a significant
predictor of OS as well as AFP levels for HCC patients who undergo
retreatment with TACE.
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function (12). The Barcelona Clinic Liver Cancer
Classification (BCLC) recommends potentially curative
treatment, including hepatic resection (HR), orthotopic liver
transplantation (OLT), and radiofrequency ablation (RFA)
for the early stage of HCC (13,14). Unfortunately, the
majority of HCC patients are diagnosed at relatively late stage
(9), so the treatment of choice is limited to palliative
approach, such as transarterial chemoembolization (TACE)
and systemic therapy (13).

TACE is the most widely used treatment for unresectable
HCC (15), particularly is recommended as standard of care
for  multinodular  asymptomatic  tumors  without
macrovascular  invasion or extrahepatic metastasis
(intermediate HCC, BCLC stage B) to provide local tumor
control and prolong survival (13,14). However, TACE
outcomes are varied widely and difficult to predict since an
intermediate-stage consisting of heterogeneous populations
in terms of tumor burdens and liver function (12). Mostly,
patients require repeated therapy at least three times to gain
optimal radiological response (16). Unfortunately,
retreatment may potentially induce liver damage in which
diminish survival advantage, especially in patients with
underlying cirrhosis (17). Thus, objective medical tools are
required to select the best candidates who will benefit from
retreatment and obviate further therapy or switching to other
modalities in patients who will not benefit.
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The assessment for retreatment with TACE (ART) score is
one of the prognostic scoring system that has been developed
to predict patient survival after TACE-2 session. This score
consists of parameter related to previous TACE effect on
tumor (radiologic responses) and liver functions (increase of
AST >25% and Child-Pugh score from baseline). The ART
score > 2.5 or higher is associated with poor prognosis, thus
repeated TACE sessions should be obviate (18). To date,
validation of an ART score in 8 published studies reported
various results, therefore its applicability could not be
generalized (19-26). To our knowledge, there are no
validation studies of an ART score usage in Indonesian
population. Thus, the primary endpoint of this study was to
determine the effectiveness of an ART score in predicting
survival outcomes in our population. The secondary
endpoint was to determine the clinical determinants
associated with survival.

MATERIALS AND METHODS

This study used retrospective observational study design,
conducted from January 1%, 2013 to January 31 2019 in Dr.
Soetomo Hospital (Surabaya, Indonesia). In our database,
thirty-six patients were treated with at least 2 conventional
TACE sessions as first-line therapy, but only 32 patients were
recruited for the final analysis. The inclusion criteria were age
>18 years old at TACE-1 session and classified as BCLC stage
A or B with preserved liver function (Child-Pugh class A or
B7 without any ascites). Patients with TACE interval longer
than 90 days were not excluded and would be sub-analyzed.
Patients were excluded if they received HCC treatment other
than TACE (such as HR, OLT, RFA, etc.) and had
malignancy at other part of the body.

We collected demography, laboratory, and clinical data from
medical record database one day before each TACE session.
Radiologic tumor response was evaluated by comparing
computerized tomography scan one month before and 4-8
weeks after TACE using the Modified Response Evaluation
Criteria in Solid Tumors (mRECIST). Objective tumor
response was defined as partial response (PR), while the
absence of objective tumor response was defined as stable
disease and progressive disease (14).

ART score calculation and OS

ART score was the sum of points from all three variables
consisting of radiological tumor response (absent: 0 point;
presents: 1 point), the AST increase >25% (absent: 0 point;
present: 4 point), and Child Pugh score increase (absent: 0
point; 1 point: 1.5 points; 2 points: 3 points). Patients were
divided into two prognosis groups, 0-1.5 and >2.5 points
(18). The ART score was calculated one day prior to TACE-
2, TACE-3, and TACE-4, respectively. Baseline values (before
TACE-1) of each variable in the ART score was used as a
reference (19). Overall survival in this study was defined as a
time from a day prior to TACE-2 session until death or last
follow-up. The survival observation period for each patient
was done at least one year longer after the TACE-2
procedures. Tracking by phone or district office visitation
was performed for patients who lost to follow-up for less than
one year to provide survival data.
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Ethical clearance was approved by the Ethics Committee of
Dr. Soetomo Hospital (Surabaya, Indonesia). Informed
consent was not performed as not required for this study.
Statistical Analysis

The SPSS statistical software package version 23 (SPSS, Inc.,
Chicago, IL, USA) was used for data analysis. The categorical
data were displayed as frequency and percentage and
analyzed using Chi-squared test (Fisher’s exact test), whereas
continuous data were presented as meanzSD or median
(range) and analyzed using independent t-test. Survival
analyzes were performed using the Kaplan-Meier method
and reported as median OS. Univariate analyses of clinical
determinant variables that were associated with OS were
performed using the log rank test. Variables that were
significant (p <0.25) were entered to multivariate Cox
regression and reported as hazard ratio. P value that was
considered to be significant was <0.05.

RESULTS

Baseline patients and disease characteristics prior to the
TACE-1 and the TACE-2 are shown in Table 1. Of the thirty-
two patients recruited, 24 (75%) patients were male, mean age
of 56.7+11.9 years old, and mostly had underlying HBV
infection (59.4%). The median number of TACE sessions was
2 (range 2-5). The median time interval of all population
between the TACE-1 and TACE-2 session was 79 days (range
29-356), while 51.5 days (range 29-85) for those who repeated
TACE within 90 days and 164 days (range 92-356) for those
with more than 90 days. The most widely used of
chemotherapeutic agents was doxorubicin (62.5%), followed
by doxorubicin/carboplatin  combination (28.2%) and
cisplatin (9.3%).

Table 1: Baseline patients and disease characteristics

Variable n or meantSD or Range or
median %

Before the

TACE-1

Age (years) 56.7+11.9 34-76

Sex

Male 24 75

Female 8 25

Etiology

HBV 19 59.4

HCV 5 15.6

Non B/C 8 25

Tumorsize (cm) 9.6 3.3-25

<5 3 94

5-10 15 46.8

>10 14 43.7

Tumor number

Single 21 65.6

Multiple 11 34.4

Tumor extent

Unilobar 25 78.1

Bilobar 7 219

BCLC stage

A 20 62.5

B 12 375
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AFP level
(ng/mL)

<200

>200
Child-Pugh
class

A

B7

AST level (U/L)
ALT level (U/L)
Albumin (g/dL)
Bilirubin
(mg/dL)

Before the
TACE-2

AFP level
(ng/mL)

<200

>200
Radiological
response

Partial response
Stable disease
Progressive
disease

Child-Pugh class

A

B7

B>8

AST level (U/L)
ALT level (U/L)
Albumin (g/dL)

Bilirubin (mg/dL)
Number of TACE

15
17

31

1

64

41
3.7£0.42
0.71

15
17

15
14

27

4

1

63

40
3.6+0.45
0.66

2

TACE intervals (day) 78

<90
>90

515
164

Chemotherapy agent

Doxorubicin
Cisplatin

20

Doxorubicin/Carboplatin 9

46.9
53.2

96.9

31
15-288
17-612
2.9-4.8
0.36-2.1

46.9
53.2

46.9
43.8
94

84.4
12.5
31
10-244
16-282
2.7-4.9
0.31-2.04
2-5
29-356
29-85
92-356

62.5
9.3
28.2

Before TACE-1

Most of patients were classified as Child-Pugh A (96.65) and
staged with BCLC A (62.5%). Baseline abnormal liver enzyme
test mostly found in patients with HBV infection (data not
shown). Median tumor size was 9.6 cm (range 3.3-25 cm)
with 90.6% patients had tumor size beyond Milan’s criteria
(single HCC <5 cm or up to 3 HCCs <3 cm). The AFP values
> 200 ng/mL was obtained in 17 patients (53.2%). There were
no statistically differences between AFP levels and tumor size
(p = 0.138), tumor number (p = 0.709), and tumor extension
(p = 1.000).

Before TACE-2

Before TACE-2 session, seven patients (21.8%) experienced a
Child-Pugh increase by 1 point, whereas 14 patients (43.7%)
remained unchanged and 11 patients (34.4%) showed a
decrease of the Child-Pugh score by 1 point. No statistically
difference in liver function biochemistry between before the
TACE-1 and TACE-2 was observed [AST (p=0.938), ALT (p
=0.122), albumin (p = 0.57), and bilirubin (p = 0.105) levels).
Objective radiological response was obtained in 15 patients
(46.9%). The number of patients with AFP levels >200 ng/mL
before TACE-1 and TACE-2 was similar. No significant
correlation was found between AFP levels and radiological
response (p = 0.821).

Overall survival and ART score

The ART score calculation is presented in Table 2. During the
observational period, 29 patients (90.6%) died and 3 patients
(9.4%) were still alive. The median OS of the whole
population was 7.6 months (95% CI: 5.9-9.3) with the overall
1- and 3-year survival was 28.2% and 3.2%, respectively.
Nineteen patients (59.4%) had an ART score of 0-1.5 points,
while 13 patients (40.6%) had an ART score of >2.5 points.
Figure 1 shows that the ART score was found to be a
significant predictor of survival (median OS an ART score of
0-1.5vs. >2.5 points: 11 vs 4.9 months; P = 0.020). However,
sub-analysis in both patients with time interval <90 days and
those who exceeded 90 days showed no significant difference
in OS (Figures 2 and 3). In addition, between 2 groups of ART
score before TACE-3, there was also no statistically difference
in OS (P = 0.657). It might be due to the small sample size.
Although not analyzed statistically due to low sample (n=4),
higher ART score before TACE-4 revealed shorter OS than in
lower ART group.

Tabel 2: ART score and OS for each TACE retreatment

ART groups total, n (%) Median OS (months) p value
Before TACE-2

a. All TACE intervals

Low (0-1.5 points) 19 (59.4%) 11 0.020
High (>2.5 points) 13 (40.6%) 4.9 '

b. TACE intervals <90 days

Low (0-1.5 points) 13 (65%) 11 0.104
High (>2.5 points) 7 (35%) 7.1

C. TACE intervals >90 days

Low (0-1.5 points) 6 (50%) 5.6 0.155
High (>2.5 points) 6 (50%) 34

Before TACE-3?
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Low (0-1.5 points) 8 (72.3%)
High (>2.5 points) 3(27.3%)
Before TACE-4°

Low (0-1.5 points) 1 (25%)
High (>2.5 points) 3 (75%)

6.5

74 0.657
145

9.6

2ART score could not be calculated in 3 patients due to incomplete data (AST, albumin, bilirubin)
PART score could not be calculated in 1 patients due to incomplete data for counting Child Pugh score (albumin, bilirubin)

Analysis of prognostic factors associated with survival
The results of univariate and multivariate analysis of the
prognostic factors for OS are summarized in Table 3. Our
univariate analysis revealed significant difference in OS
for AFP levels before TACE-1 session (OS AFP levels <200
vS. 2200 ng/mL: 9.8 vs. 7.2 months, P = 0.0270) and Child-
Pugh increase prior to TACE-2 session (absent vs. present:
9.4 vs. 7.2 months, P = 0.038). Multivariate analysis using
stepwise Cox regression to all prognostic variables with p
value <0.25 was obtained that baseline AFP was an
independent predictor associated with poor survival (HR
2.35[95% CI 1.075-5.118]; P = 0.032). Kaplan Meier Curve
of an AFP is shown in Figure 4.

DISCUSSION
The non-curative management for unrespectable stage
HCC is still a major challenge to date. Although the

treatment modalities for this stage have been progressed
rapidly, the OS of HCC patients in fact is still poor. As a
palliative treatment, TACE has been widely performed in
non-surgery cases, particularly for intermediate stage
(13,14,17). TACE consists of intra-arterial chemo-
infusion followed by embolization of the tumor-feeding
vessels which will result in a strong cytotoxic and ischemic
effect that decrease tumor progressivity and prolongation
survival (17).

As mentioned before, prognosis of HCC patients is
affected by tumor burdens and severity of liver
dysfunction. In this study, we found that median OS of all
population of 7.6 months was shorter than those in other
similar studies (longer than 20 months) (18-26). We
suggested that this large survival discrepancy might be due
to larger tumor size in our population (90.6% had tumor
size larger than 5 cm, even 43.7% had larger than 10 cm),
although univariate

Tabel 3: Analysis of prognostic factors before and after TACE-1 procedure

. _ OS (months) p value Cox Regression
Variable =32 edian 95%Cl (Log-rank) pvalue HR  95%ClI
Sex
Male 24 7.5 6.180-8.820  0.269
Female 8 9.8 0.000-22.551
Age (years)
<60 19 7.5 4.372-10.628 0.915
=60 13 8.3 6.421-10.179
Etiology
HBV 19 7.5 4.829-10.171  0.694
HCV 5 11 3.700-18.300
Non B/C 8 9.8 0.000-20.056
Tumor size (cm)
<5 3 24 1.760-3.040  0.880
5-10 15 8.7 6.302-11.098
>10 14 75 2.550-12.450
Tumor number
Single 21 8.3 5.833-10.767 0.519
Multiple 11 7.6 3.500-11.700
Tumor extent
Unilobar 25 94 3.851-14.949 0.058
Bilobar 7 5.6 3.804-7.396
BCLC stage
A 20 7.5 5.893-9.107  0.639
B 12 7.6 2.338-12.862
AFP level (ng/mL) 0.032 2345 1.075-5.118
<200 15 9.8 0.000-21.879  0.027
>200 17 7.2 4.477-9.923
Child-pugh stage
A 31 8.3 5.900-10.700  0.613
B 1 75
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AFP response (hg/mL)

>200, no response 15 7.2 3.792-10.608 0.070
>200, response 3 75 0.000-17.902

<200 14 9.8 0.000-26.216

AST increase >25%

Absent 25 94 6.952-11.848 0.136
Present 7 24 1.887-2.913
Child-Pugh increase

Absent 21 94 7.157-11.643 0.038
Present 11 7.2 4.395-10.005
Radiologic tumor response

Absent 17 14.5 7.466-21.534 0.151
Present 15 7.2 4.645-9.755
Number of TACE

2 18 4.9 0.000-12.592 0.177
>2 14 11 7.700-14.300
Chemotherapy agents

Doxorubicin 20 8.3 4.356-12.244  0.665
Csplatin 3 75 3.179-11.821
Doxorubicin/Carboplatin 9 5.6 0.000-12.028

analysis showed no significant association with OS because of
their homogeneity. In large solitary HCC, meta-analysis of 9
studies (corresponding to 6,008) which conducted HR and
retrospective study undergoing TACE reported significantly
higher morbidity and lower OS in patients with tumor size >5
cm than those with <5 cm (27,28). Nevertheless, HR was
reported to be more effective and safer in patients with
solitary huge nodule HCC than TACE. This report was in
accordance with revised treatment recommendation for
solitary huge nodule by the modified BCLC staging system
from TACE to surgical intervention (HR or OLT) (14).
TACE may become a double-edged sword since
chemoembolization process does not only induce
radiological tumor response but also may provoke
deterioration of liver function that potentiate liver-related
death (17). Adverse event after TACE is the key reason to
obviate further session but identifying high-risk patients
before the event is still challenging. Some previous studies
were validated an ART score to identify which patients will
benefit and who will not. As original report, the ART score
had successfully differentiated two groups (0-1.5 points; >2.5
points) with distinct prognosis (median OS: 23.7 versus 6.6
months; P <0.001) (17). This study revealed similar results
when the ART score was performed in all patients regardless
time interval of TACE. However, sub-analysis in both TACE
intervals <90 vs. >90 days and sequential assessment of the
ART score (before TACE-3 and TACE-4 sessions) showed
contrasting results. Nevertheless, we should note that lower
ART score showed better survival outcome than those with
higher ART score. Relatively small number of patients might
be the cause of conflicting results.

The applicability of an ART score in decision making process
for retreatment with TACE in Indonesian population need
further studies since analysis results of single variable that
consists the ART score in this study did not show significant
association with OS. As described in Table 1, HBV infection
is the most frequent etiology of HCC in our population.
Although the data were not shown, abnormal liver enzyme
was mostly found in patients suffered from chronic HBV
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infection, suggesting that AST level increase was not only
related to TACE derived liver damage, but also affected by
viral hepatitis infection. In our institution, HCC patients with
HBV infection who underwent TACE and have never been
treated with an antiviral would receive nucleoside analogue
as preemptive therapy at least 2 weeks before TACE
treatment. Thus, we never know whether the stable HBV
control had been achieved or not before TACE performed.
Other clinical determinant that presented good value for
predicting patient’s prognosis in this study was baseline AFP
levels (before TACE-1). We found that baseline AFP level was
an independent predictor associated with survival. It is not
surprisingly since AFP has been well-established not only for
diagnosis but also for monitoring treatment response,
recurrence, and survival (29-31). AFP has capability to drive
proliferation of liver cancer cell, tumor blood vessels
conformation, enhance antiapoptosis effect of cancer cells,
and induce the immune escapes (32). Many studies have
shown that down-regulation of AFP can suppress its growth.
Thus, high serum AFP level is correlated with more
aggressive behavior and poorer prognosis of HCC (33). In
contrast with those finding about AFP functions, in this study
we observed that AFP levels was not correlated with tumor
burdens (size, number, and extension) and radiological
tumor response. The possible reason is due to the differences
in cut-off determination for categorizing AFP and tumor
burdens into a group, as in line with the previous report (34).
Our study has several limitations. First, this study was a
retrospective design carried out in a single center and
relatively small number of samples. Second, there was a
discrepancy of TACE characteristic, including time intervals
between sessions, the number of TACE sessions, and
chemotherapy agent obtained by patients in which might be
lead biased results. Third, many patients were classified into
BCLC stage A as they had single nodule with good liver
function and performance status even though had very large
tumor size that might affect to survival.
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CONCLUSION
In conclusion, the ART score has potential to be a significant
predictor of OS for HCC patients undergoing retreatment

with TACE. Furthermore,

the ART score must be

implemented with caution in daily clinical setting since it has

widely differenced

in etiology of HCC, population

characteristics, the number of samples, research methods,
and characteristic of TACE used among studies. The
combination of ART score and AFP levels may increase
prognostic values in predicting survival of HCC patients who
undergo multiple TACE. Further prospective research with a
greater number of samples is needed.
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