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INTRODUCTION

j{épatocellular carcinoma (HCC) is the sixth most common

ABSTRACT

Objectives: Transarterial chemoembolization (TACE) or sorafenib may prolong survival
in patients with unresectable hepatocellular carcinoma (HCC); however, whether their
combination prolongs survival than TACE alone remains controversial. We aimed to
compare the overall survival (OS) of patients with unresectable HCC treated with TACE
plus sorafenib (TACE-S) versus TACE alone. Materials and Methods: All patients with
unresectable HCC who received TACE as the initial therapy between January 2006 and
January 2017 at Taipei Tzu Chi Hospital were enrolled. We matched patients treated with
TACE-S and those treated with TACE alone (TACE) by performing propensity score
matching at a 1:2 ratio. Our primary outcome was OS during a 10-year follow-up period,
and represented as a hazard ratio calculated using Cox proportional hazard regression
models. Results: Among 515 patients with unresectable HCC were treated initially with
TACE, 56 receiving TACE-S group and 112 receiving TACE alone (TACE group) were
included in the primary outcome analysis. The TACE-S group had significantly longer
median OS than did the TACE group (1.55 vs. 0.32, years; P < 0.001), and the 5-year
OS rates was 10.7% in the TACE-S group and 0.9% in the TACE group (P < 0.001). In
multivariate analyses, patients with a lower Child—Pugh score, tumor size <5 cm, and no
extrahepatic metastasis before treatment and those receiving antiviral agents and receiving
TACE-S had longer OS (all P < 0.001). Conclusion: Antiviral agents and the combination
of TACE with sorafenib may improve the OS of patients with unresectable HCC.

KEYWORDS: Follow-up studies, Hepatocellular carcinoma, Propensity score, Sorafenib,
Therapeutic chemoembolization

such as transarterial chemoembolization (TACE), transarterial
radioembolization, stereotactic body radiation therapy, and
systematic chemotherapy, have been developed [3-5]. Among

cancer and the third leading cause of cancer-related
deaths worldwide [1], resulting in 781,631 deaths in 2018 [2].
Although liver transplantation, resection, and ablation are
potentially curative treatments for HCC, <30% of patients have
confined liver disease, preserved liver function, and satisfactory
performance status at the time of first HCC diagnosis, making
them ineligible for these curative treatments [3]. To manage
patients with unresectable HCC, several treatment modalities,
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them, TACE and systemic therapy have been widely accepted
as the standard of care for patients with intermediate- and
advanced-stage unresectable HCC, respectively [3-5].

Conventional TACE is a palliative treatment option
for HCC and involves a mixture of chemotherapeutic
agents (e.g., doxorubicin or cisplatin) and lipiodol [6]. The
use of conventional TACE in patients with unresectable
HCC has been extensively examined, and it could provide
significant survival benefits compared with the best
supportive care [7-9]. Although it is the standard of care
for patients with intermediate-stage HCC, it offers limited
overall survival (OS) (approximately 11-20 months) [6] and
has a high tumor recurrence rate. Usually, multiple repeat
TACE treatments are required to destroy all viable tumors;
however, this can compromise liver function and negatively
affect prognosis [10]. Therefore, it is crucial to maximize the
efficacy of TACE and minimize the associated liver function
deterioration [11].

Sorafenib is a multikinase inhibitor with both antiangiogenic
and direct antitumor effects [12,13]; several randomized
clinical trials have revealed that sorafenib provides survival
benefits for patients with advanced-stage HCC [14,15].
Therefore, it has been approved and recommended as the
standard of care for patients with advanced unresectable HCC
worldwide. Because both TACE and sorafenib improve the
survival of patients with unresectable HCC, combining them
may optimize the efficacy of treatment for unresectable HCC.
Several studies have reported the feasibility and safety of this
combination by using different sequences and protocols in
patients with unresectable HCC [16-18]. However, the results
of its efficacy are inconsistent [19-21]. A recent randomized
trial [22] focused on highly selected subgroups and used a new
criterion to assess TACE response to demonstrate the benefit
of TACE plus sorafenib (TACE-S) treatment on the tumor
progression of patients with unresectable HCC; however,
whether this combination treatment works in the real-world
setting remains unknown.

In this study, we used the data of a 10-year prospectively
collected HCC cohort to investigate the therapeutic effect
of TACE-S versus TACE alone on the OS of patients
with unresectable HCC by performing propensity score
matching (PSM) analysis. In addition, we determined the
predictors of OS in these patients.

MATERIALS AND METHODS
Ethical statement

This study was performed in accordance with the principles
of the Declaration of Helsinki and was approved by the
Ethical Committee of Taipei Tzu Chi Hospital, Buddhist Tzu
Chi Medical Foundation (05-XD-09-032). Informed written
consent was waived because the study was a retrospective data
analysis.

Study design and data sources

This was a retrospective analysis of 10-year prospectively
collected data of patients regularly followed at Taipei Tzu
Chi Hospital who underwent TACE as the initial treatment
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for HCC. All patients were newly diagnosed as having HCC,
registered in the Taiwan Cancer Registry, had available
follow-up data, and were consecutively enrolled from
the gastroenterology clinics of Taipei Tzu Chi Hospital
between January 1, 2006, and January 31, 2017, until loss to
follow-up (i.e., death), or June 30, 2018.

Study population

We enrolled 1188 patients aged > 18 years who were newly
diagnosed as having HCC and had available HCC pretreatment
and follow-up data during the study period [Figure 1] [23,24].
All patients underwent pretreatment examinations, including
blood biochemistry and alpha-fetoprotein tests, chest
radiography, abdominal sonography, and abdominal computed
tomography (CT) or magnetic resonance imaging (MRI).
HCC was diagnosed based on pathology or imaging with a
typical vascular pattern (i.e., arterial enhancement with portal
venous washout on dynamic CT or dynamic MRI) [3-5].
Liver cirrhosis was diagnosed on the basis of imaging,
pathological examination of liver specimens, and other
clinical information [3,24]. After screening, a multidisciplinary
treatment team, which included radiologists, surgeons,
hepatologists, and oncologists, evaluated the clinical diagnosis
and tumor resectability and determined the appropriate
treatment. The advantages, adverse effects, and prognosis of
recommended treatment options were discussed with patients
and their families. Patients then selected an HCC treatment
after discussion.

Among patients who received TACE as the initial therapy,
those without complete follow-up data, with non-HCC
malignancy, or received other systemic therapy for HCC
were excluded. Finally, 515 with unresectable HCC were
selected, and their data were retrospectively analyzed. After
the initial TACE treatment, all the patients were followed with
or without sorafenib, and the treatment decisions, including
TACE and sorafenib, were made by the investigating
physicians in real-world clinical practice. TACE cycles were
repeated every 6—12 weeks on demand. Sorafenib 200-400 mg
BID was initiated at the time of TACE ineligibility, such
as contraindications after the 1% TACE, or progression to
Barcelona clinic liver cancer (BCLC) stage C or D, or TACE
failure or refractoriness assessed by the investigators, and was
used until evidence of tumor progression or manifestation of
unacceptable toxicities related to sorafenib.

All patients were assessed using a dynamic CT or MRI scan
1-2 months after each TACE treatment and every 2—3 months
during sorafenib treatment.

Serum  biochemical tests, liver function tests,
alpha-fetoprotein levels, and abdominal sonography were
performed every 3-6 months. Information regarding age, sex,
date of HCC diagnosis, tumor—node—metastasis classification,
BCLC stage, Child—Turcotte—Pugh score, sorafenib use, status
of liver cirrhosis, hepatitis B virus (HBV), and hepatitis C
virus infection were recorded.

Main outcome measurements

The study’s main outcome was OS, which was defined as
the duration from HCC diagnosis until any-cause death or the
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1188 patients age 218 years with a new
HCC diagnosis were screened

673 patients did not receive TACE
or without available follow-up data,

v

or meet inclusion criteria

received TACE as initial treatment

515 patients with unresectable HCC and

Patients who received TACE plus
sorafenib therapy (n = 56)

Patients who received TACE
monotherapy (n = 459)

Patients were matched in 1:2 ratio by propensity sore matching method

A

the PSM cohort

56 patients enrolled (TACE-S)

Figure 1: Flowchart of patient selection

time of data cutoff. Patients who were lost to follow-up were
censored at the last date the patient was known to be alive,
and patients who remained alive were censored at the time of
data cutoff (June 30, 2018).

Statistical analysis

Statistical analysis was  performed wusing SPSS
version 24.0 (IBM, Armonk, NY, USA). PSM was conducted
as previously described [25]. Differences in the baseline
characteristics of the two groups were compared using
Fisher’s exact or Chi-square test for categorical variables
and Student’s ¢ test for continuous variables. OS was
analyzed using Kaplan—Meier analysis, followed by the
log-rank test. Prognostic factors for OS were determined
by performing univariate and multivariate analyses in the
propensity score-matched cohort. Statistically significant
variables (P < 0.05) in the univariate analysis were
entered into multivariate Cox regression models to assess
the predictors of efficacy. The outcomes were reported
using hazard ratios (HRs) and associated 95% confidence
intervals (Cls). A two-sided P < 0.05 was set as statistically
significant.

REsuULTS
Patients’ clinicodemographic characteristics

In total, 1188 patients who had received a new diagnosis
of HCC and had available follow-up data during the study
period were selected for this study [Figure 1]. Among
them, 515 patients with unresectable HCC who received
TACE as initial therapy, including 56 receiving TACE-S
treatment and 459 receiving TACE alone, were included

112 patients enrolled (TACE)

in the primary analysis. PSM with the nearest available
neighbor method at a 1:2 ratio yielded 56 patients who
received TACE-S (the TACE-S cohort) and 112 matched
patients who received TACE alone (the TACE cohort).
No significant intergroup differences were observed in the
baseline characteristics.

Table 1 lists patients’ clinicodemographic characteristics.
The distributions of selected demographic characteristics
were comparable between the TACE-S and TACE cohorts,
with a mean age of 60.7 years and a male predominance
(75% in TACE-S and 81.3% in TACE). Most patients had
liver cirrhosis (89.3% in TACE-S and 86.6% in TACE), with
27 (48.2%) and 53 (47.3%) patients having BCLC stage C in
TACE-S and TACE groups, respectively.

Comparison of overall survival between transarterial
chemoembolization plus sorafenib and transarterial
chemoembolization alone cohorts

The median (interquartile range) follow-up was
556.5 (962) days and 117.5 (173.3) days for the TACE-S
and TACE groups, respectively. The TACE-S cohort had
better median OS than did the TACE cohort [1.55 wvs.
0.32 year, P < 0.001, Figure 2], and the 1-, 2-, 3-, and
S-year OS rates of the TACE-S group were higher than
those of the TACE group [67.9%, 37.5%, 28.6%, and 10.7%,
respectively, vs. 11.6%, 4.5%, 1.8%, and 0.9%, respectively;
all P < 0.001; Table 2]. Subgroup analysis included
patients with BCLC stage B and C and Child—Pugh scores
A or B. The median OS was 1.55 (95% CI: 1.13-1.97)
years in the TACE-S group (n = 43) and 0.43 (95% CI:
0.34-0.51) years in the TACE group (n = 71).
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Figure 2: Cumulative overall survival rates and Kaplan—Meier analysis of
between TACE plus sorafenib and TACE alone groups (Log-Rank P < 0.001).
TACE: Transarterial chemoembolization

Factors associated with the overall survival of patients
with unresectable hepatocellular carcinoma

To determine prognostic factors for OS, we performed
univariate and multivariate analyses [Table 3]. The TACE-S
group had longer OS than did the TACE group (HR: 0.30,
95% CI: 0.21-0.44). This difference remained significant after
adjustment for confounders in multivariate analysis (adjusted
HR: 0.38, 95% CI: 0.25-0.57, P < 0.001) and subgroup
analysis [Figure 3]. Moreover, patients with tumor size >5 cm,
higher number of tumor nodules, extrahepatic metastasis,
and higher Child—Pugh scores and those not using antiviral
agents had shorter OS in the univariate analysis than their
counterparts [Table 3]. The differences remained significant
in multivariate analysis (adjusted HR, 95% CI for tumor
size >5 cm: 2.51, 1.68-3.75, P < 0.001; extrahepatic
metastasis: 2.01, 1.34-3.04, P < 0.001; Child—Pugh score
C:5.41,3.20-9.14, P <0.001; HBV infection: 1.60, 1.07-2.39,
P =0.021; antiviral agent use: 0.36, 0.23-0.56, P < 0.001).

DiScuSSION

The findings of this propensity score-matched cohort study
revealed that a combination of TACE and sorafenib may
prolong the OS of patients with unresectable HCC compared
with those who received TACE alone as the initial treatment.
The survival benefit remained significant after adjustment for
known prognostic factors. In addition, patients with tumor
size >5 cm, higher Child—Pugh score, extrahepatic metastasis,
and HBV infection and those not receiving antiviral agents
before TACE had significantly shorter OS. Moreover, TACE-S
provided a better survival benefit than did sorafenib alone in
patients with advanced HCC [26]. Taken together, these results
indicate that TACE-S may be a better treatment choice than
TACE or sorafenib alone for patients with unresectable HCC.

TACE may induce ischemic or hypoxic changes, resulting
in increased VEGF expression in the residual surviving
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Table 1: Comparisons of patients’ clinicodemographic
characteristics between transarterial chemoembolization plus
sorafenib and transarterial chemoembolization alone groups

Characteristic TACE plus TACE alone P
Sorafenib (n=56) (n=112)
Age (years), mean+SD 60.7£10.3 60.7+10.3 1.000
Sex, n (%)
Male 42 (75.0) 91 (81.3) 0.421
Female 16 (25.0) 21 (18.2)
Vascular invasion, n (%)
Yes 14 (25.0) 21 (18.8) 0.421
No 42 (75.0) 91 (81.2)
Number of nodules, n (%)
Single 48 (85.7) 89 (79.5) 0.401
Multiple-diffuse 8(14.3) 23 (20.5)
Extrahepatic metastasis, 7 (%)
Yes 10 (17.9) 24 (21.4) 0.686
No 46 (82.1) 88 (78.6)
Tumor size (cm)
<5 22(39.3) 28 (25.0) 0.073
>5 34 (60.7) 84 (75.0)
BCLC staging
0 1(1.7) 0 0.136
A 3(5.4) 8(7.1)
B 16 (28.6) 19 (17.0)
C 27 (48.2) 53(47.3)
D 9(16.1) 32(28.6)
Liver cirrhosis
Yes 50 (89.3) 97 (86.6) 0.805
No 6(10.7) 15(13.4)
Child-Pugh score
A 39 (69.6) 41 (36.6) 1.000
B 14 (25.0) 47 (42.0)
C 3(54) 24 (21.4)
AFP (ng/mL)
<400 37 (69.6) 67 (59.8) 0.501
>400 19 (30.4) 45(40.2)
Hepatitis B surface antigen
Positive 37 (66.1) 76 (67.8) 0.862
Negative 19 (33.9) 36(32.2)
Anti-hepatitis C virus
Positive 15 (26.8) 29 (25.9) 1.000
Negative 41(73.2) 83 (74.1)

TACE: Transarterial chemoembolization, BCLC: Barcelona clinic liver
cancer, AFP: Alpha-fetoprotein levels, SD: Standard deviation

Table 2: Overall survival rates of patients initially treated with
transarterial chemoembolization plus sorafenib (n=56) and
transarterial chemoembolization alone (n=112)

Overall TACE plus TACE P
survival rates Sorafenib, n (%) alone, n (%)

1-year 38 (67.9) 13 (11.6) <0.001
2-year 21 (37.5) 5(4.5) <0.001
3-year 16 (28.6) 2(1.8) <0.001
S-year 6(10.7) 1(0.9) <0.001

TACE: Transarterial chemoembolization

cancerous tissue and poorer TACE response [11,27,28],
whereas sorafenib may reverse these changes by targeting
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Table 3: Factors associated with the 10-year overall survival of patients with unresectable hepatocellular carcinoma initially treated

with TACE according to univariate and multivariate analyses

Characteristics Univariate analysis crude HR (95% CI) P Multivariate analysis adjusted HR (95% CI) P
Sorafenib user

No (reference) 1

Yes 0.30 (0.21-0.44) <0.001 0.38 (0.25-0.57) <0.001
Sex

Male (reference) 1

Female 0.77 (0.51-1.16) 0.205 - -
Age (years) 0.99 (0.98-1.01) 0.364 - -
Vascular invasion

No (reference) 1

Yes 1.06 (0.72-1.56) 0.787 - -
Number of nodules

Single (reference) 1

Multiple-diffuse 2.11 (1.40-3.17) <0.001 - -
Extrahepatic metastasis

No (reference) 1

Yes 2.04 (1.37-3.02) <0.001 2.01 (1.34-3.04) 0.001
Tumor size (cm)

<5 1

>5 2.73 (1.88-3.96) <0.001 2.51(1.68-3.75) <0.001
Liver cirrhosis

No (reference) 1

Yes 0.98 (0.61-1.57) 0.932 - -
Child-pugh score

A (reference) 1 1 1 1

B 2.11 (1.47-3.02) <0.001 1.35(0.93-1.96) 0.117

C 7.69 (4.65-12.73) <0.001 5.41(3.20-9.14) <0.001
AFP (ng/mL)

<400 (reference) 1

>400 1.30 (0.94-1.80) 0.118 - -
Hepatitis B surface
antigen

Negative (reference) 1

Positive 1.10 (0.79-1.54) 0.579 1.60 (1.07-2.39) 0.021
Anti-hepatitis C virus

Negative (reference) 1

Positive 0.84 (0.59-1.20) 0.340 - -
Antivirus agent use

No (reference) 1

Yes 0.41 (0.28-0.59) <0.001 0.36 (0.23-0.56) <0.001

HR: Hazard ratio, CI: Confidence interval, AFP: Alpha-fetoprotein levels

TACE-induced angiogenic factors, thus potentially increasing
the therapeutic response of TACE [16,29]. Therefore, the
combination of TACE and sorafenib can improve treatment
efficacy. Although several studies have examined the use of
TACE-S treatment in patients with unresectable HCC [16-22],
the results remain controversial. Notably, most randomized
studies have not demonstrated the efficacy of the use of
TACE-S for unresectable HCC, except a recent Japanese [22]
study, which focused on highly selected patients and used
new assessment criteria for TACE response: these criteria
exclude the appearance of intrahepatic new lesions as TACE
failure, which is closer to real-world practice. Therefore, we
hypothesized that the combination of TACE and sorafenib
treatment can work in real-world practice for patients with
unresectable HCC. Our real-world data supported this

hypothesis (median OS of TACE-S vs. TACE cohorts:
18.6 vs. 3.84 months) [30,31]. Although patients with various
HCC stages and liver severity (such as BCLC stages O,
A, and D or Child-Pugh C) were included in the study, the
treatment efficacy of our study population is comparable to
those reported in previous studies (median OS for TACE-S
treatment: 7.5-27 months) [32-34]. Our results also agree
with the findings of a recent meta-analysis demonstrating
the beneficial effects of TACE-S on the OS [35], time to
progression, and treatment responses [36] of patients with
unresectable HCC compared with TACE alone. Therefore,
TACE-S can surpass TACE alone as the preferred option for
the treatment of patients with unresectable HCC. Although
the addition of sorafenib may potentially increase the risk
of adverse effects in patients receiving TACE, in our study
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Tace + Sorafenib Tace Adjusted Hazard ratio (95% ClI)
Death events N Death events N H

Overall a6 56 107 112 E 0.38 (0.25 - 0.57)
Subgroup -

Male 36 a2 a8 91 E 0.32(0.20 - 0.53)
Female 10 14 19 21 ! 0.19 (0.50 — 0.68)
Age <65 29 35 &8 70 H 0.31 (0.18 — 0.51)
Age =65 17 21 39 a2 - . E 0.42 (0.22 — 0.80)
Tumor size > Scm 30 34 82 84 —— H 0.37 (0.22 - 0.60)
Tumor size <5cm 16 22 25 28 1 0.25 (0.11 — 0.59)
Child-pugh score A 30 39 36 41 E 0.26 (0.14 — 0.47)
Child-pugh score B 13 14 a7 a7 : 0.24 (0.12 — 0.49)
Child-pugh score C 3 3 24 24 E 0.17 (0.04 — 0.76)
Liver fibrosis 40 50 93 97 — 1 0.34 (0.22 - 0.54)
Non-Liver fibrosis 6 6 14 15 . H 0.07 (0.01 — 0.68)
AFP < 400 31 a7 64 67 : 0.25 (0.15 — 0.44)
AFP = 400 15 19 43 as —_— - 0.49 (0.25 — 0.93)
HBV 29 37 73 76 E 0.30 (0.17 — 0.55)
Non-HBV 17 19 34 36 E 0.40 (0.20 — 0.78)
HCV 14 15 27 29 ) 0.29 (0.13 — 0.63)
Non-HCV 32 a1 80 83 N 0.37 (0.22 — 0.61)
Surgery 14 1 22 25 H 0.78 (0.34 — 1.75)
Non-surgery 32 40 85 87 —— E 0.27 (0.16 — 0.46)
Antivirus agent use 19 28 21 24 \ 0.38 (0.18 — 0.81)
Non-Antivirus agent use 27 28 86 88 i 0.37 (0.22 — 0.62)
BCLC B 14 16 16 19 0.58 (0.20 — 1.62)
BCLCC 23 27 53 53 - 0.22 (0.11 — 0.41)

o 0.5 1 1.5 2
_—
Increased risk of Death

Figure 3: Subgroup analyses of 10-year overall survival between TACE plus sorafenib treatment or TACE alone groups. TACE: Transarterial chemoembolization

population, the distribution and frequency of adverse events
were comparable to those reported in a study administering
sorafenib alone [14] (data not shown). In addition to sorafenib,
several new systemic agents have been approved for the
treatment of patients with advanced HCC [37]; future studies
should explore their combination with TACE.

This study has some limitations. Its retrospective design may
have led to selection biases and collection of incomplete data;
in addition, confounding factors pertinent to survival outcomes
could not be completely avoided. Therefore, caution should be
exercised when generalizing our results and attributing causality.
For example, folk remedies may be used concomitantly for the
treatment of HCC in Taiwan; however, this information was
not available in this study. Second, according to response-based
scoring systems for patients receiving TACE treatment [38],
most of our study patients belonged to the risk category
4 (11, 57.9%) and BCLC stage C, which have a poor OS
of 7-10 months. Therefore, whether our findings can be
extrapolated to patients with better liver reserve, such as Child—
Pugh A or BCLC stage B, warrants further research. Third,
because this is a real-world study, various conditions against the
HCC guidelines may be present. For examples, as the Taiwan
National Health Insurance started reimbursing sorafenib only
for selected patients with advanced HCC since August 1, 2012,
most of the study patients, such as those with Child-Pugh B, or
thrombosis involving segmental branches of portal veins, were
required to pay for sorafenib. Moreover, patients who refuse
surgical resection and cannot afford radiofrequency ablation
treatment may receive reimbursing TACE treatment in Taiwan.
Therefore, the treatment compliance, socioeconomic status,
diet habit, and health behavior may be different between the
TACE-S and TACE groups, and this may affect health-related
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outcomes. Future studies investigating the interaction of these
factors on the evaluation of survival outcomes are required.

CONCLUSION

We found that the addition of sorafenib to TACE may increase
the long-term survival of patients with unresectable HCC and
those receiving TACE as initial treatment. Moreover, the use of
antivirals for HBV infection is helpful in extending the survival of
patients with unresectable HCC. Future studies should test various
timing sequences and protocols for the initiation of sorafenib or
other new systemic agents to optimize HCC management.
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