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Abstract
Introduction: Several clinical trials comparing the efficacy 
and safety of transarterial chemoembolization (TACE) plus 
molecular-targeted agents versus TACE alone revealed no 
clinical benefits in progression-free survival (PFS) or overall 
survival (OS). Here, we report the final OS analysis from the 
TACTICS trial, which previously demonstrated significant im-
provement in PFS with TACE plus sorafenib in patients with 
unresectable hepatocellular carcinoma (HCC) (NCT01217034). 
Methods: Patients with unresectable HCC were randomized 
to a TACE plus sorafenib group (N = 80) or a TACE alone group 
(N = 76). Patients in the combination treatment group re-
ceived sorafenib 400 mg once daily for 2–3 weeks before 
TACE, followed by 800 mg once daily during on-demand con-
ventional TACE sessions until time to untreatable progres-
sion. In this trial, TACE-specific PFS was used. TACE-specific 
PFS is defined as the time from randomization to progressive 
disease (PD) or death from any cause, and PD was defined as 
untreatable progression, caused by the inability of a patient 
to further receive or benefit from TACE for reasons that in-
clude intrahepatic tumor progression (25% increase vs. base-
line) according to response evaluation criteria in cancer of 
the liver, the detection of extrahepatic spread, vascular inva-
sion, or transient deterioration of liver function to Child-Pugh 
C after TACE. Results: At the cut-off date of July 31, 2020, 131 
OS events were observed. The median OS was 36.2 months 
with TACE plus sorafenib and 30.8 months with TACE alone 
(hazard ratio [HR] = 0.861; 95% confidence interval [CI], 
0.607–1.223; p = 0.40, ΔOS, 5.4 months). The updated PFS was 
22.8 months with TACE plus sorafenib and 13.5 months with 
TACE alone (HR = 0.661; 95% CI, 0.466–0.938; p = 0.02). Post-
trial treatments with active procedures/agents were received 
by 47 (58.8%) patients in the TACE plus sorafenib group and 
58 (76.3%) in the TACE alone group (p = 0.01). In post hoc 
analysis, PFS and OS benefit were shown in HCC patients with 
tumor burden beyond up-to-7 criteria. Conclusions: In TAC-
TICS trial, TACE plus sorafenib did not show significant OS 
benefit over TACE alone; however, clinical meaningful OS 
prolongation and significantly improved PFS was observed. 
Thus, the TACE plus sorafenib can be considered a choice of 
treatment in intermediate-stage HCC, especially in patients 
with high tumor burden. Trial Registration: NCT01217034.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Transarterial chemoembolization (TACE) is the most 
widely used locoregional therapy for intermediate-stage 
hepatocellular carcinoma (HCC) [1, 2] as recommended 
by the European Association for the Study of the Liver [3] 
and American Association for the Study of Liver Diseases 
(AASLD) [4] guidelines. However, TACE is not a curative 
treatment, and cancer recurrence eventually occurs in 
most cases [5]. Therefore, TACE is usually performed re-
peatedly, which leads to deterioration in liver function, 
often rendering the patient ineligible for systemic thera-
py. Additionally, TACE induces hypoxia and conse-
quently elevated hypoxia-inducible factor 1-α expression 
in tumors [6, 7]. Elevated hypoxia-inducible factor 1-α 
levels cause upregulation of vascular endothelial growth 
factor (VEGF) and angiopoietin-2, leading to intrahepat-
ic metastasis, metastasis to extrahepatic sites, and vascu-
lar invasion, thus deteriorating patient prognosis [7].

Antiangiogenic agents (VEGF inhibitors) reportedly 
normalize abnormal blood vessels, microvessel density, 
interstitial pressure, and vascular permeability in HCC 
[8]. These effects further improve drug delivery by TACE 
and might ultimately enhance its efficacy [9–11]. Addi-
tionally, delaying tumor progression by antiangiogenic 
agent without deteriorating liver function, potentially by 
prolonging the intervals between consecutive TACE ses-
sions, may lead to more effective systemic therapies after 
progression on TACE.

Sorafenib is a multi-kinase inhibitor that suppresses 
the activities of the VEGF, RAF, and platelet-derived 
growth factor receptors. Therefore, in addition to its di-
rect antitumor effect, sorafenib has an antiangiogenic in-
hibiting effect and is currently used as the first-line sys-
temic therapy for advanced HCC to significantly prolong 
patient survival. Combining TACE with molecular-tar-
geted agents that possess anti-VEGF activity, including 
sorafenib, may suppress hypoxia-inducible cytokines, 
such as VEGF and angiopoietin-2 following TACE. Var-
ious studies have focused on investigating the clinical 
benefits of TACE in combination with molecular-target-
ed agents that suppress angiogenesis. However, all the 
prospective randomized controlled trials performed to 
date considering progression-free survival (PFS) or over-
all survival (OS) [12–16] as endpoints have failed.

We conducted the TACTICS trial using TACE-specif-
ic PFS as the endpoint [17] rather than the modified Re-
sponse Evaluation Criteria in Solid Tumors (RECIST). 
TACE-specific PFS is defined as the time from random-
ization to progressive disease (PD) or death from any 
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cause, and PD was defined as untreatable (UnTACEable) 
progression, caused by the inability of a patient to further 
receive or benefit from TACE for reasons that include in-
trahepatic tumor progression (25% increase vs. baseline) 
according to response evaluation criteria in cancer of the 
liver (RECICL), the detection of extrahepatic spread 
(EHS), vascular invasion or transient deterioration of liv-
er function to Child-Pugh C after TACE. This endpoint 
is in line with the criteria of progression under TACE 
treatment in routine clinical practice and TACE failure. 
This trial demonstrated significantly prolonged TACE-
specific PFS [17]. Moreover, the treatment duration of the 
TACTICS trial was considerably longer than that of pre-
vious studies [12–16]. The SPACE and post-TACE stud-
ies showed that a prolonged duration of sorafenib treat-
ment leads to clinical benefits, supporting that the pro-
longed treatment duration led to the success of the 
TACTICS trial.

Regrowth and appearance of new lesions naturally and 
frequently occur in patients with HCC treated by TACE. 
However, this progression alone does not necessarily in-
dicate the failure of TACE or a need to switch to the next 

line of treatment in clinical practice. Therefore, because 
it would be inconsistent with routine clinical practice to 
stop TACE based on the determination of PD using the 
RECIST v1.1 or mRECIST, we used TACE-specific PFS, 
a composite endpoint unique to TACE. Although TACE-
specific PFS was significantly prolonged in the primary 
analysis of the TACTICS trial [17], the number of proto-
col-specified death events was insufficient to evaluate the 
co-primary endpoint of OS. Thus, we here report the final 
results of the TACTICS trial in relation to OS, which was 
obtained after achieving the required number of events.

Patients and Methods

Design, Inclusion Criteria, and Ethics
This randomized, open-label, multicenter prospective trial was 

conducted at 33 centers across Japan between 2011 and 2020, 
which included patients with unresectable HCC diagnosed using 
tissue biopsy, cytology, or dynamic computed tomography (CT) 
and magnetic resonance imaging scans according to AASLD cri-
teria. All patients included in the study were older than 20 years 
and had a life expectancy of 12 weeks or longer, with tumors local-
ized in the liver without vascular invasion or extrahepatic metas-

197 patients screened

Randomized patient
(1:1 Randomization)

n=156

41 did not meet
inclusion criteria

TACE alone
n=76

TACE plus Sorafenib
n=80

Did not receive
protocol treatment

(n=3)

Did not receive
protocol treatment

(n=5)

Enrollment was halted after 156 patients been randomized from Feb 2011 to Mar 2016

ITT
Population

TACE alone
n=71

TACE plus Sorafenib
n=77

Safety
Population

Fig. 1. Patient flowchart (CONSORT diagram).
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tasis. The patients had a maximum of 10 tumors, each with a max-
imum size of 10 cm. Patients who had received 1–2 prior TACE 
procedures were allowed to enroll in the study provided that the 
previous TACE was performed more than 6 months before the 
enrolment. The participants had an Eastern Cooperative Oncology 
Group performance status of zero or one, Child-Pugh score ≤7, 
and well-preserved organ function. Patients with a history of sys-
temic chemotherapy were excluded. Other exclusion criteria are 
described in detail in the previous manuscript describing the 
TACE-specific PFS results [17].

The study was conducted in accordance with the Declaration 
of Helsinki. The study was registered at ClinicalTrials.gov 
(NCT01217034) and was approved by the institutional review 
boards and/or independent Ethics Committees of the participating 
institutions. All patients provided written informed consent prior 
to enrolment.

Randomization and Masking
Patients were randomized 1:1 to treatment with either TACE 

plus sorafenib or TACE alone. Randomization was performed by 
a centralized data center using an interactive web response system 
involving a computer-generated sequence and electric data cap-
ture system software (Viedeoc, Uppsala, Sweden). Patient alloca-
tion factors were: (1) site, (2) meeting or not meeting Milan crite-
ria (one lesion ≤5 cm or ≤3 lesions of ≤3 cm each), and (3) number 
of prior TACE sessions (0 vs. 1–2 times).

Treatment Protocol
Patients randomized to the TACE plus sorafenib group were 

administered 400 mg/day sorafenib, which is half of the recom-
mended dose, 2–3 weeks before the first TACE. The objective was 
to confirm tolerability to sorafenib for the management of adverse 
events (AEs) prior to TACE, as well as to normalize the tumor neo-
vasculature for efficient TACE and suppress the post-TACE in-
crease in hypoxia-inducing cytokines, such as VEGF and platelet-
derived growth factor. Sorafenib treatment was discontinued 2 
days before the TACE session and resumed 3 days after the session.

In both groups, a lipidol plus epirubicin or miriplatin suspen-
sion was administered during TACE, followed by administration 
of an embolic agent (Gelpart) to embolize the tumor-feeding ar-
tery. The anticancer agent (epirubicin or miriplatin) was selected 
at the discretion of the site and investigators; however, the same 
anticancer agent was used in subsequent repeated TACE sessions 
for each patient. CT scans were acquired 4 weeks after the TACE 
session to evaluate the tumor response to the first treatment. Re-
peat TACE was recommended if the viable lesions (sum of two-
dimensional measurements of ≤5 intrahepatic lesions) exceeded 
50% of the tumor volume at baseline before the first TACE session.

Patients in the TACE plus sorafenib group were administered 
400 mg/day of sorafenib 3 days after the TACE session. If this dose 
was sufficiently tolerated, the dose was increased to 800 mg/day at 
the discretion of the investigator. The tumor response was evalu-
ated by dynamic CT and magnetic resonance imaging every 8 
weeks. Treatments were continued until unTACEable progres-
sion, progression to meet the TACE refractory criteria [18], intol-
erable toxicity, or withdrawal of informed consent.

Study Endpoints
The co-primary endpoint of this trial was TACE-specific PFS 

and OS. For multiplicity adjustments, an endpoint was tested using 
a gatekeeping strategy, such that OS was analyzed only if the effect 
for TACE-specific PFS was significant [19]. TACE-specific PFS 
was defined as the time from randomization to progression or 
death from any cause, and OS was defined as the time from ran-
domization to death from any cause. In this trial, progression was 
defined as unTACEable progression, which is the inability of a pa-
tient to further receive or benefit from TACE for reasons that in-
cluded intrahepatic tumor progression (25% increase of viable area 
in the sum of the five largest intrahepatic lesions vs. baseline) ac-
cording to RECICL [20], transient deterioration of liver function 
to Child-Pugh grade C immediately after TACE, the appearance of 
macrovascular invasion (MVI), or EHS. New intrahepatic lesions 
were not regarded as “progressive disease,” as they indicate the 
natural tumor biology of HCC and do not imply TACE failure or 
moving to the next line of treatment.

Neither RECIST 1.1 nor modified RECIST were used in this 
trial. Rather, tumor response was evaluated using RECICL [20]. A 

Table 1. Baseline demographic and clinical characteristics of 
patients enrolled in this study

Characteristic TACE plus sorafenib 
(n = 80)

TACE alone 
(n = 76)

Age, median (range), years 72.0 (36–85) 73.0 (53–86)
Sex

Male 63 (78.8) 55 (72.4)
Female 17 (21.2) 21 (27.6)

Performance status
0 71 (88.8) 67 (88.2)
1 9 (11.3) 9 (11.8)

Etiology
Hepatitis B 10 (12.5) 2 (2.6)
Hepatitis C 38 (47.5) 53 (69.7)
Non B non C 32 (40.0) 21 (27.6)

Child-Pugh score
5 64 (80.0) 54 (71.1)
6 15 (18.8) 17 (22.4)
7 1 (1.3) 5 (5.6)

AFP
<200 ng/mL 64 (80.0) 60 (78.9)
≥200 ng/mL 16 (20.0) 16 (21.1)

Tumor burden
Within Milan criteria 28 (35.0) 35 (46.1)
Outside Milan criteria 52 (65.0) 41 (53.9)

Up to 7 criteria
Within 54 (67.5) 50 (65.8)
Outside 26 (32.5) 26 (34.2)

BCLC stage
A* 27 (33.8)* 33 (43.4)*
B 44 (55.0) 34 (44.7)
C** 9 (11.3) 9 (11.8)

Prior TACE
0 45 (56.3) 48 (63.2)
1–2 35 (43.8) 28 (36.8)

Results are reported as n (%), unless otherwise indicated. * Most 
of these nodules are single tumors larger than 5 cm in diameter. 
** PS 1, no vascular invasion, no extrahepatic spread.
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lipiodol retention area in the nodule at 1 month after TACE was 
regarded as necrosis [21]. Therefore, a complete tumor response 
to TACE was defined as complete lipiodol retention within the 
nodule, and a partial tumor response was defined as 50–100% lip-
iodol retention within the nodule throughout the trial. Progression 
also included the Japan Society for Hepatology criteria for TACE 
failure/refractoriness [18].

Other secondary endpoints included the objective response 
rate after the first session of TACE and safety. Prespecified analyses 
included TACE-specific PFS and OS in patients with a tumor bur-
den beyond up-to-seven criteria [22]. Other exploratory analysis 
included time from randomization to MVI or EHS (diameter ≥10 
mm) and time to stage progression, which was defined as the time 
to the appearance of MVI and/or EHS.

Statistical Methods
All statistical analyses included in the primary analysis [17] 

were performed using the data obtained by the cut-off date of No-
vember 2, 2017, at which time point 118 patients had experienced 
disease progression or death. In the final analysis, statistical analy-
sis was performed using the data obtained by the cut-off date of 
July 31, 2020, at which point 131 death events were observed. Ef-
ficacy data were analyzed on an intention-to-treat basis. To adjust 
for multiple comparisons, hierarchical statistical testing was per-
formed in a prespecified fixed order, first for TACE-specific PFS 
and then for OS. According to the study protocol, OS was formal-
ly compared only when the difference in TACE-specific PFS be-
tween groups was significant (p < 0.15). The primary endpoints 

were compared using stratified log-rank tests. The Kaplan-Meier 
method was used to estimate survival curves, from which medians 
were calculated. Hazard ratios (HRs) and 95% confidence intervals 
(CIs) were estimated using Cox proportional hazards models. 
Safety analysis included all patients who received at least one dose 
of the assigned treatment, irrespective of eligibility or duration of 
treatment. All statistical analyses were performed using SAS, V.9.4. 
(SAS Institute, Cary, NC, USA). The trial was designed to include 
125 TACE-specific PFS and OS events to achieve a power of 80% 
with an HR of 0.71 and a one-sided alpha of 0.15 [17].

Patient and Public Involvement
There was no patient or public involvement in this study.

Results

Patient Characteristics
A total of 197 patients were screened between Febru-

ary 2011 and March 2016; of these, 156 met the inclusion 
criteria and were enrolled and randomized. Forty-one pa-
tients did not meet the inclusion criteria because of the 
Child-Pugh score, number of prior TACE procedures, 
and laboratory test results (Fig. 1). Among the 156 en-
rolled patients, 60 (38%) had tumors categorized as Bar-
celona Clinic Liver Cancer (BCLC) stage A; most patients 

1

0
0

80
76

Patients
at Risk

TACE plus Sorafenib
TACE alone

108

0
1

84

6
5

60

17
17

36

38
34

96

1
4

72

13
11

48

26
24

24

57
46

12

73
62

0.5

HR 0.861
95% CI: 0.607, 1.223
p=0.40

Co-Primary Endpoint: OS

– TACE plus Sorafenib
   Median: 36.2 months (95% CI: 30.5, 44.1)

– TACE alone
   Median: 30.8 months (95% CI: 23.5, 40.8)

Follow-up period, 33.4 months
(data cut-off, July 2020)

Fig. 2. Kaplan-Meier curves of the co-primary endpoint of OS in the TACTICS trial. The median observation 
period was 33.4 months (range, 0.1–110.7) with 131 OS events.
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had single large (>5 cm) unresectable tumor and were 
thus regarded as good candidates for TACE. Eighteen pa-
tients (12%) had tumors categorized as BCLC stage C 
based on a performance status of 1 without EHS or MVI. 
The remaining 78 patients (50%) had tumors categorized 
as BCLC stage B (Table 1). Overall, 80 patients were ran-
domized to the TACE plus sorafenib group and 76 to the 
TACE alone group (Fig.  1). The baseline demographic 
and clinical characteristics were similar between the 
TACE plus sorafenib and TACE alone groups (online 
suppl. Table 1; for all online suppl. material, see www.
karger.com/doi/10.1159/000522547). Additionally, the 
baseline demographic and clinical characteristics were 
similar in both arms for patients within and beyond the 
up-to-seven criteria (online suppl. Table 1).

Doses of Study Drugs
At a median follow-up of 33.4 months (range, 0.1–110.7 

months), the median duration of sorafenib treatment in 
the TACE plus sorafenib group was 16.1 months (range, 
0.2–78.2 months). In 42 of 80 patients in the combination 
group, the sorafenib dose was increased to 800 mg after the 
first TACE procedure; however, the dose was eventually 
reduced during treatment for all 42 patients because of ei-
ther AEs or the physician’s decision. The median actual 
daily dose of sorafenib was 355.2 mg (range, 86.8–792.9 
mg), and the mean ± SD actual daily dose of sorafenib was 
353.6 ± 172.0 mg. The median interval between TACE ses-
sions was 23.2 weeks (range, 15.8–43.1 weeks) in the TACE 
plus sorafenib group and was 16.1 weeks (range, 10.1–32.1 
weeks) in the TACE alone group (p = 0.011).

Subgroup No. of patients (%)

Overall

Age

Gender

ECOG-PS

AFP

Etiology

BCLC

Milan criteria

Up to 7

Child-Pugh score

Prior TACE

<65
≥65

Men
Women

0
1

≥200
<200

HBV
HCV
nonB nonC

A
B
C

IN
OUT

IN
OUT

5
6

None
1-2

156 (100)

27 ( 17)
129 (83)

118 (76)
38 (24)

138 (88)
18 (12)

32 (21)
124 (79)

12 (7.7)
91 (58)
54 (35)

55 (35)
83 (53)
18 (12)

57 (37)
99 (63)

104 (67)
52 (33)

118 (76)
32 (21)

93 (60)
63 (40)

95% CI

(0.607 – 1.223)

(0.463 – 2.414)
(0.614 – 1.308)

(0.592 – 1.301)
(0.519 – 2.160)

(0.646 – 1.348)
(0.338 – 2.493)

(0.478 – 2.110)
(0.610 – 1.322)

(0.006 – 0.808)
(0.578 – 1.412)
(0.738 – 2.612)

(0.537 – 1.728)
(0.536 – 1.404)
(0.338 – 2.493)

(0.495 – 1.595)
(0.575 – 1.367)

(0.586 – 1.377)
(0.515 – 1.658)

(0.687 – 1.517)
(0.366 – 1.679)

(0.566 – 1.388)
(0.509 – 1.507)

HR

0.861

1.058
0.896

0.878
1.059

0.933
0.918

1.004
0.898

0.072
0.903
1.389

0.963
0.867
0.918

0.888
0.887

0.924
0.898

1.021
0.783

0.886
0.876

0.001 0.010 0.100 1.000 10.000
ACE with Sorafenib 
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Median (month)Forest Plot of OS in Subgroup Analyses

36.2
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28.4
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25.0
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24.3

34.4
24.3

Fig. 3. Forest plot of OS in subgroup analysis.
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Efficacy Outcome
The results of primary analysis of TACE-specific PFS, 

the co-primary endpoint, were previously published [17]. 
The data indicated that TACE-specific PFS was signifi-
cantly longer in the TACE plus sorafenib group than in 
the TACE alone group (25.2 vs. 13.5 months; HR = 0.59; 
95% CI, 0.41–0.87; p = 0.006) [17].

Because the PFS endpoint was positive, we analyzed 
OS, the other co-primary endpoint, in a predetermined 
manner in this study. The median OS in the TACE plus 
sorafenib group was 36.2 months (95% CI, 30.5–44.1), 
whereas that in the TACE monotherapy group was 30.8 
months (95% CI, 23.5–40.8). Thus, TACE plus sorafenib 
did not provide a significantly greater survival benefit 
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than TACE monotherapy (HR = 0.861; 95% CI, 0.607–
1.223; p = 0.40) (Fig. 2). Subgroup analysis showed that 
OS was better in the TACE plus sorafenib group than in 
the TACE monotherapy group when accounting for most 
factors (Fig. 3). Prespecified analysis showed that in pa-
tients outside the up-to-seven criteria, the median OS was 
25.0 months in the TACE alone group and was 36.3 
months in the TACE plus sorafenib group, representing 
numerically improvement of 11.3 months (Fig.  3, 4). 
Even among those within the up-to-seven criteria, the 
median OS in the TACE alone and TACE plus sorafenib 
groups was 31.9 and 35.6 months, respectively, represent-
ing numerically improvement of 3.7 months (Fig. 3, 4).

An updated repeat analysis of TACE-specific PFS, the 
co-primary endpoint, showed that the median TACE-
specific PFS was 22.8 months (95% CI, 18.4–27.5) in the 
TACE plus sorafenib group and was 13.5 months (95% 
CI, 9.2–20.6) in the TACE monotherapy group. These 
data are consistent with those of the primary analysis (HR 
= 0.661; 95% CI, 0.466–0.938; p = 0.02) (Fig. 5). The forest 
plot also showed that the TACE-specific PFS of the TACE 
plus sorafenib group was better than that of the TACE 

monotherapy group with respect to almost all factors. 
Prespecified analysis showed that the median TACE-spe-
cific PFS of patients outside the up-to-seven criteria was 
9.0 months in the TACE monotherapy group, which was 
numerically prolonged to 22.1 months in the TACE plus 
sorafenib group (HR = 0.674; 95% CI, 0.379–1.198) 
(Fig. 4, 6). Similarly, the median TACE-specific PFS for 
patients within the up-to-seven criteria was numerically 
prolonged from 15.2 months in the TACE alone group to 
24.9 months in the TACE plus sorafenib group (HR = 
0.756; 95% CI, 0.505–1.133) (Fig. 4, 6). The additive ef-
fects of sorafenib prolonged TACE-specific PFS by 9.7 
months in the population within the up-to-seven criteria 
and by 13.1 months in the population outside the up-to-
seven criteria (Fig. 4, 6). The survival rates and TACE-
specific PFS at each landmark point were better in the 
TACE plus sorafenib group than in the TACE alone 
group (online suppl. Table 2, 3).

Post-Trial Anticancer Treatment
Post-trial anticancer treatments were administered to 

58 patients (76.3%) in the TACE monotherapy group and 
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to 47 patients (58.8%) in the TACE plus sorafenib group 
(p = 0.014). The most common treatment after discon-
tinuation of protocol treatment was transarterial therapy 
including hepatic arterial infusion chemotherapy. The 
reason for this is because during the most of the study 
period (2011–2020), only sorafenib was available until the 
time when other effective targeted agents are available. 
Therefore, mild TACE or hepatic arterial infusion che-
motherapy was probably performed even after progres-
sion. In the TACE alone group, 29 patients (50.0%) were 
administered sorafenib, and other post-trial anticancer 
treatments included regorafenib, lenvatinib, ramucirum-
ab, or immunotherapy (Table 2).

Patterns of unTACEable Progression
Patterns of unTACEable progression included 68 pa-

tients (43.6%) with a 25% or greater increase in intrahe-
patic lesions from the baseline tumor burden (sum of 
two-dimensional measurements ≤5 intrahepatic lesions), 
21 patients (13.5%) with vascular invasion, 18 patients 
(11.5%) with ≥10 mm extrahepatic metastasis lesions, 6 
patients (3.8%) with a transient Child-Pugh score ≥10 
points, and 8 patients (5.1%) who fulfilled the definition 
of refractory to TACE. Additionally, 13 patients (8.3%) 
died without unTACEable progression, 12 (7.7%) had no 
events, and 10 (6.4%) switched to other treatments before 
progression (online suppl. Table 4). There were no sig-
nificant differences between the two arms in terms of the 
frequency of these events.

Subgroup No. of patients (%)

Overall

Age

Gender

ECOG-PS

AFP

Etiology

BCLC

Milan criteria

Up to 7

Child-Pugh score

Prior TACE

<65
≥65
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0
1

≥200
<200

HBV
HCV
nonB nonC

A
B
C

IN
OUT

IN
OUT

5
6

None
1-2

156 (100)

27 (17)
129 (8)

118 (76)
38 (24)

138 (88)
18 (12)

32 (21)
124 (79)

12 (7.7)
91 (58)
54 (35)
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18 (12)
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Table 2. Anticancer treatment during survival follow-up

Parameter TACE plus sorafenib TACE alone p value*
(n = 80) (n = 76)

Patients with any anticancer treatment during survival follow-up, n (%) 47 (58.8) 58 (76.3) 0.014
Anticancer procedure, n (%)

Liver transplantation 0 (0.0) 0 (0.0)
Resection 1 (2.1) 1 (1.7)
Ablation 7 (14.9) 13 (22.4)
Transarterial therapy† 32 (68.1) 31 (53.4)

Anticancer medication, n (%)
Sorafenib 5 (10.6) 29 (50.0)
Regorafenib 7 (14.9) 5 (8.6)
Lenvatinib 6 (12.8) 3 (5.2)
Ramucirumab 2 (4.3) 3 (5.2)
Clinical trials (immunotherapy) 4 (8.5) 5 (8.6)
Other chemotherapy 4 (8.5) 5 (8.6)

Some treatment is overlapped. * Fisher’s exact test. †This therapy includes drug-eluting bead-TACE or hepatic arterial infusion chemo-
therapy.
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In patients who developed MVI or EHS, the time to 
MVI (31.3 vs. 4.0 months; HR = 0.28; 95% CI, 0.10–0.75; 
p = 0.007) and time to EHS (20.3 vs. 7.1 months; HR = 
0.19; 95% CI, 0.05–0.69; p = 0.006) were significantly lon-
ger in the TACE plus sorafenib group than in the TACE 
alone group. Time to stage progression was also signifi-
cantly longer in the TACE plus sorafenib group than in 
the TACE alone group (20.3 vs. 7.1 months; HR = 0.19; 
95% CI, 0.05–0.69; p = 0.006) (Fig. 7).

Safety Outcomes
Table  3 shows the treatment-related AEs affecting 

more than 10% of either treatment group and Grades 
three and four AEs occurring within 8 weeks after the first 
TACE. Patients in the TACE plus sorafenib group expe-
rienced more AEs of all grades than patients in the TACE 
alone group, including hand-foot skin reaction (66.2% vs. 
0.0%), hypertension (58.4% vs. 39.4%), elevated lipase 
(49.4% vs. 25.4%), fatigue (26.0% vs. 9.9%), diarrhea 
(16.9% vs. 0.0%), erythema multiforme (11.7% vs. 0.0%), 
weight loss (13.0% vs. 2.8%), and hoarseness (13.0% vs. 
0.0%).

Discussion

The TACTICS trial was a randomized, open-label, 
multicenter trial comparing the safety and efficacy of the 
combination of TACE plus sorafenib with those of TACE 
alone in patients with unresectable HCC who were not 
eligible for resection or ablation. In this trial, TACE-spe-
cific PFS was significantly better in the TACE plus 
sorafenib group than in the TACE alone group. However, 
OS was not significantly prolonged, although a clinically 
meaningful benefit was observed (ΔOS = 5.4 months).

These results show that because tumor conditions are 
better in intermediate-stage HCC with no vascular inva-
sion and no EHS than in advanced HCC, it is easier for 
patients to undergo post-trial treatments even after com-
pleting the protocol treatment. As such, patients in both 
groups, particularly those in the control group, showed a 
favorable prolongation of OS. The ratio of subsequent 
therapy in the control group of the present TACTICS tri-
al was significantly higher at 76.3% than that in the con-
trol group of the recent Checkmate 459 trial (54%), a clin-
ical trial of first-line treatment for advanced-stage HCC 
[23], demonstrating that subsequent therapy after pro-
gression can be performed more frequently in patients 

Table 3. All-grade treatment-emergent AEs within 8 weeks after first TACE and those with a frequency ≥10% in either group corresponding 
to grades 3 and 4

Adverse event, n (%) TACE plus sorafenib (n = 77) TACE alone (n = 71)

all grades grades 1–2 grade 3 grade 4 all grades grades 1–2 grade 3 grade 4

Elevated AST 72 (93.5) 50 (64.9) 17 (22.1) 5 (6.5) 65 (91.5) 50 (70.4) 14 (19.7) 1 (1.4)
Elevated ALT 69 (89.6) 50 (64.9) 18 (23.4) 1 (1.3) 55 (77.5) 42 (59.2) 13 (18.3) 0 (0.0)
Thrombocytopenia 67 (87.0) 57 (74.0) 10 (13.0) 0 (0.0) 53 (74.6) 51 (71.8) 2 (2.8) 0 (0.0)
Elevated bilirubin 55 (71.4) 54 (70.1) 1 (1.3) 0 (0.0) 39 (54.9) 37 (52.1) 2 (2.8) 0 (0.0)
Anemia 50 (64.9) 49 (63.6) 1 (1.3) 0 (0.0) 35 (49.3) 34 (47.9) 1 (1.4) 0 (0.0)
Hand-foot skin reaction 51 (66.2) 47 (61.0) 4 (5.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Hypertension 45 (58.4) 37 (48.1) 8 (10.4) 0 (0.0) 28 (39.4) 25 (35.2) 3 (4.2) 0 (0.0)
Elevated lipase 38 (49.4) 26 (33.8) 11 (14.3) 1 (1.3) 18 (25.4) 16 (22.5) 2 (2.8) 0 (0.0)
Elevated serum amylase 32 (41.6) 26 (33.8) 6 (7.8) 0 (0.0) 19 (26.8) 18 (25.4) 1 (1.4) 0 (0.0)
Neutropenia 30 (39.0) 26 (33.8) 4 (5.2) 0 (0.0) 29 (40.8) 29 (40.8) 0 (0.0) 0 (0.0)
Decreased WBC count 29 (37.7) 28 (36.4) 1 (1.3) 0 (0.0) 26 (36.6) 26 (36.6) 0 (0.0) 0 (0.0)
Malaise 20 (26.0) 20 (26.0) 0 (0.0) 0 (0.0) 9 (12.7) 9 (12.7) 0 (0.0) 0 (0.0)
Fatigue 20 (26.0) 18 (23.4) 2 (2.6) 0 (0.0) 7 (9.9) 7 (9.9) 0 (0.0) 0 (0.0)
Fever 15 (19.5) 14 (18.2) 1 (1.3) 0 (0.0) 18 (25.4) 18 (25.4) 0 (0.0) 0 (0.0)
Anorexia 11 (14.3) 9 (11.7) 2 (2.6) 0 (0.0) 8 (11.3) 7 (9.9) 1 (1.4) 0 (0.0)
Diarrhea 13 (16.9) 11 (14.3) 2 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Erythema multiforme 9 (11.7) 7 (9.1) 2 (2.6) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Weight loss 10 (13.0) 10 (13.0) 0 (0.0) 0 (0.0) 2 (2.8) 2 (2.8) 0 (0.0) 0 (0.0)
Hoarseness 10 (13.0) 10 (13.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

ALT, alanine transaminase; AST, aspartate transaminase; WBC, white blood cell.
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with intermediate-stage HCC than in those with ad-
vanced HCC [24]. As described by Llovet et al. [24] in 
their AASLD consensus paper, “the realization that more 
than 60% of patients progressing after TACE receive ef-
fective next-line therapies may compel the adoption of 
PFS as an acceptable primary endpoint for major trials.” 
As 76.3% of patients (sorafenib 50%) in the control arm 
of the present TACTICS trial were administered subse-
quent therapy after protocol treatment, whereas there 
was almost no available effective therapeutic option in the 
TACE plus sorafenib group in the trial period (2011–
2020), it would be difficult to demonstrate the OS benefit 
in patients with intermediate-stage HCC under the pres-
ent status of HCC treatment, in which several active 
agents can be used in subsequent lines of treatment.

Although the TACTICS trial improved the OS rate in 
the TACE plus sorafenib group during the first 48 months, 
the prolongation of post-progression survival (PPS) due 
to post-trial treatments diluted the OS benefit after 48 
months. A longer PPS results in greater dilution of the HR 
of OS even if the PFS per RECIST achieve a good HR [25]. 
The median PPS in the TACE alone and TACE plus 
sorafenib groups was 17.3 and 13.4 months, respectively, 
suggesting that effective subsequent therapy was a major 
factor contributing to the lack of a significant OS benefit 
in this trial.

Terashima et al. [25] analyzed the results of 56 studies 
and showed that the correlation between PPS and OS is 
greater than that between PFS and OS, and that in sys-
temic therapy for advanced-stage HCC, OS is strongly 
influenced by PPS. Similarly, Llovet et al. [26] reported a 
good correlation between the HRs of PFS and OS based 
on previous clinical trials of advanced HCC (correlation 
coefficient of 0.84), suggesting that if the HR of PFS is ≤ 
0.6, the HR of OS is ≤ 0.8, further indicating positive re-
sults for the OS endpoint; thus, an HR of PFS <0.6 may be 
a surrogate endpoint of OS in advanced HCC. However, 
similar examination of the relationship between the PFS 
HR and that of OS from the five previous TACE combi-
nation trials plus the current TACTICS trial on interme-
diate-stage HCC in a similar manner revealed a correla-
tion coefficient of 0.56, which is worse than that in ad-
vanced HCC; additionally, the regression line based on 
the weighted Pearson coefficient model was more gentle 
than that of advanced-stage HCC [26], suggesting that OS 
is strongly affected by PPS (online suppl. Fig. 1). There-
fore, as the OS HR was 0.861, although the TACE-specif-
ic PFS HR in the primary analysis of the TACTICS trial 
was 0.59 (<0.6), with intermediate-stage HCC (as an ear-
lier stage and better condition than advanced HCC), it 

was not possible to demonstrate the OS benefits under the 
current status of HCC treatment when several effective 
post-trial treatments became available [26]. Additionally, 
Celsa et al. [27] clearly stated that PFS per RECIST cannot 
be a surrogate endpoint for OS.

For cases with a high tumor burden, such as those out-
side of the up-to-seven criteria, the current consensus in-
cludes systemic therapy followed by selective TACE [10, 
11, 24, 28, 29], especially in Asian countries. Prespecified 
analysis in this TACTICS trial showed that the median 
PFS of 22.1 months in the TACE plus sorafenib group was 
better than that of 9.0 months (ΔPFS 13.1 months) in the 
patients outside of the up-to-seven criteria. Furthermore, 
in these patients, the median OS in the TACE plus 
sorafenib arm was 11.3 months longer than that in the 
TACE monotherapy arm (Fig. 4). This is consistent with 
previous results of sequential treatments using lenvatinib 
and TACE, and supports the concept of upfront systemic 
therapy followed by selective TACE treatments in pa-
tients with a high tumor burden [10, 11, 28, 30]. Even 
among patients within the up-to-seven criteria, the me-
dian TACE-specific PFS in the TACE plus sorafenib 
group was 9.7 months longer than that in the TACE 
monotherapy group, whereas the median OS of 35.6 
months was 3.7 months longer than the 31.9 months in 
the TACE monotherapy group (Fig. 4). These results sug-
gest that preceding treatments with molecular-targeted 
drugs with anti-VEGF effects followed by selective TACE 
are effective for improving PFS and OS [10, 11, 28–30], 
especially for patients outside the up-to-seven criteria.

The TACTICS trial demonstrated no significant OS 
prolongation in the TACE plus sorafenib group relative 
to the TACE alone group. However, a clinically meaning-
ful OS prolongation (ΔOS = 5.4 months) was achieved. 
Additionally, the TACE-specific endpoint is a valid end-
point that reflects the actual clinical progression from 
TACE and is, to some extent, a surrogate endpoint for OS 
since at least the OS rate up to 48 months was better in 
the combination arm. Furthermore, it is likely that this 
study did not show an OS benefit because all the patients 
had intermediate-stage HCC, resulting in a long PPS 
(13.4–17.3 months), and more patients received effective 
post-trial treatments than in studies involving subjects 
with advanced-stage HCC.

This study had a few limitations. First, we used an 
open-label design; therefore, post-study treatments may 
be influenced by investigator decisions. Second, this study 
was conducted as a phase II trial, and therefore may be 
underpowered to test the OS benefits. Third, relatively 
small number of patients was included in this trial. Exter-
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nal validation studies with a large number of patients are 
needed to confirm the results of this study. Fourth, TACE-
specific PFS might not be clearly objective; therefore, the 
potential bias might not be excluded. Fifth, imaging re-
view was done by investigators, not independent imaging 
review. This might be another potential bias.

In summary, although the TACTICS trial did not 
demonstrate a significant survival benefit of TACE plus 
sorafenib over TACE alone, it provides several important 
implications. First, combination treatments with molec-
ular-targeted agents exerting an anti-VEGF effect signifi-
cantly prolonged TACE-specific PFS. Second, TACE plus 
sorafenib showed a clinically meaningful and numerical 
prolongation of OS compared with TACE alone. Third, 
sequential treatment with a molecular-targeted agent 
with anti-VEGF effects and TACE contributed to pro-
longing the PFS and OS of patients with a tumor burden 
beyond the up-to-seven criteria. Finally, we report the 
longest OS observed in a clinical trial thus far (36.2 
months) (online suppl. Table 5).

In conclusion, TACE plus sorafenib did not show sta-
tistically significant OS improvement. However, TACE 
plus sorafenib or systemic agent-TACE sequential thera-
py could be a treatment choice for intermediate-stage 
HCC since TACE-specific PFS was significantly im-
proved. Additionally, TACE plus sorafenib/systemic 
therapy may be recommended for patients with a tumor 
burden beyond the up-to-seven criteria, since clinically 
meaningful OS prolongation with significantly improved 
TACE-specific PFS was observed in this trial.
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