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Abstract

Transarterial chemoembolization (TACE) is widely applied
for the treatment of hepatocellular carcinoma. Repeat TACE
is often required in clinical practice because a satisfactory
tumor response may not be achieved with a single session.
However, repeated TACE procedures can impair liver func-
tion and increase treatment-related adverse events, all of
which prompted the introduction of the concept of “TACE
failure/refractoriness”. Mainly based on evidence from two
retrospective studies conducted in Japan, sorafenib is rec-
ommended as the first choice for subsequent treatment
after TACE failure/refractoriness. Several studies have in-
vestigated the outcomes of other subsequent treatments,
including locoregional, other molecular targeted, anti-pro-
grammed death-1/anti-programed death ligand-1 therapies,
and combination therapies after TACE failure/refractoriness.
In this review, we summarize the up-to-date information
about the outcomes of several subsequent treatment mo-
dalities after TACE failure/refractoriness.

Citation of this article: Zhang S, Wang WS, Zhong BY, Ni
CF. Subsequent Treatment after Transarterial Chemoemboli-
zation Failure/Refractoriness: A Review Based on Published
Evidence. J Clin Transl Hepatol 2022;10(4):740-747. doi:
10.14218/JCTH.2021.00336.

Introduction

Transarterial chemoembolization (TACE) plays a fundamental
role in the treatment of unresectable hepatocellular carci-
noma (HCC), either as a palliative approach for unresect-
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able condition, as bridging therapy prior to liver transplanta-
tion, or for tumor downstaging prior to surgical resection.-3
According to the global HCC BRIDGE (i.e. Bridge to Better
Outcomes in HCC) study involving 18,031 patients in 14
countries, TACE is the most widely applied approach both for
intermediate- and advanced-stage HCC.* Nevertheless, the
prognosis of HCC treated with TACE varies because of high
patientheterogeneity of patients and biological characteris-
tics of HCC.5~7 Repeat TACE is often recommended because
it is sometimes difficult to achieve a satisfactory tumor re-
sponse with a single session.® Nonetheless, high frequency
and number of repeat TACE procedures can impair liver func-
tion and increase treatment-related adverse events, negat-
ing the benefits achieved from tumor necrosis. Meticulous
assessment of the risks and benefits of repeat TACE is war-
ranted to improve the long-term outcomes of TACE for HCC.
The concept of TACE failure/refractoriness was subsequently
introduced by several organizations including the Japan Soci-
ety of Hepatology (JSH), the International Association for the
Study of the Liver, and a European expert panel (Table 1).°-11

Appropriate subsequent treatment after TACE failure/
refractoriness is another key point to improve long-term
prognosis of patients with HCC. The current TACE failure/
refractoriness guidelines recommend sorafenib therapy af-
ter occurrence of TACE failure/refractoriness. Notably, this
recommendation was mainly based on the results of two
retrospective studies with small sample sizes.!2:13 Apart
from those two studies, several others have investigated the
outcomes of other subsequent treatments, including locore-
gional therapies, other molecular targeted agents (MTAs),
anti-programmed death ligand-1/anti-programmed death-1
therapies, and combination therapies after TACE failure/re-
fractoriness. Therefore, we reviewed the available evidence
about the efficacy and safety of subsequent therapies after
TACE failure/refractoriness in the treatment of HCC.

Search strategy and selection criteria

A comprehensive literature search was performed on the
PubMed and Web of Science databases for relevant stud-
ies published in English language through April 2021. The
search terms were: (“transarterial chemoembolization” OR
“transcatheter arterial chemoembolization” OR “TACE”")
AND (“failure” OR “refractoriness” OR “refractory”). Only
original research articles that focused on the subsequent
treatments after TACE failure/refractoriness were included.
Duplicate publications, reviews, case reports, conference
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Table 1. Concepts of TACE failure/refractoriness

Organization Definition

JSH criteria, 2010

(1) Intrahepatic lesion: more than two consecutive incomplete necrosis (depositions (

50%) of lipiodol) are seen by response evaluation CT within the treated tumors at the 4
weeks after adequately performed TACE; more than two consecutive appearances of a
new lesion (recurrence) are seen in the liver by response evaluation CT at the 4 weeks
after adequately performed TACE. (2) Appearance of vascular invasion. (3) Appearance of
extrahepatic spread continuous elevation of tumor markers even though right after TACE.
(4) Tumor marker continuous elevation of tumor markers even though right after TACE

JSH-LCSG] criteria, 2014

(1) Intrahepatic lesion: two or more consecutive insufficient responses of the treated

tumor (viable lesion >50%) even after changing the chemotherapeutic agents and/

or reanalysis of the feeding artery seen on response evaluation CT/MRI at 1-3 months
after having adequately performed selective TACE; Two or more consecutive progressions
in the liver (tumor number increases as compared with tumor number before the
previous TACE procedure) even after having changed the chemotherapeutic agents
and/or reanalysis of the feeding artery seen on response evaluation CT/MRI at 1-3
months after having adequately performed selective TACE. (2) Continuous elevation

of tumor makers immediately after TACE even though slight transient decrease is
observed. (3) Appearance of vascular invasion. (4) Appearance of extrahepatic spread

International Association
for the Study of the Liver

Europe

No response after 3 or more TACE procedures within a 6 month period, to the same area

Depending on the purpose of TACE, if TACE is used as palliative therapy,

stable lesions can be regarded as effective. Conversely, if TACE is used as
a curative therapy, stable lesions are considered as TACE failure

CT, computed tomography; JSH, Japan Society of Hepatology; LCSGJ], Liver Cancer Study Group of Japan; MRI, magnetic resonance imaging; TACE, transarterial

chemoembolization.

abstracts, and studies published in languages other than
English were excluded.

Subsequent treatment and prognosis after TACE fail-
ure/refractoriness

After the introduction of the concept of TACE failure/refrac-
toriness in 2010 by the JSH, several studies have investi-
gated the outcomes of subsequent treatments after TACE
failure/refractoriness. A total of 23 studies were finally
included in the review (Table 2).12-34 Among them, seven
reported outcomes of subsequent treatments without com-
parison to other treatments. Eight compared the outcomes
of sorafenib therapy as subsequent treatment with those of
other treatments. Eight studies compared the outcomes of
continuation of TACE in combination with systemic therapies
with those of other treatments.

Subsequent treatments without comparison

Iwasa et al.l* administered transcatheter arterial infusion
chemotherapy with a fine-powder formulation of cisplatin for
advanced HCC after TACE failure/refractoriness. Notably, the
criteria for TACE failure/refractoriness in their study was an
increase in size or 25% reduction in the size of hypervascular
lesions 1 month after TACE, which was different from the
2010 JSH criteria. The study included 84 patients, and the
median overall survival (OS) was 7.1 months. The authors
reported only a modest effect of transcatheter arterial in-
fusion chemotherapy using cisplatin, a median progression-
free survival (PFS) of only 1.7 months and an objective re-
sponse rate (ORR) of 3.6%. Besides, adverse events (AEs)
occurred frequently during the treatment, and nearly 50%
patients experienced grade 3/4 elevations of liver enzymes.
Recently, Hus et al.15 reported the outcomes of hepatic arte-
rial infusion chemotherapy (HAIC) with a modified FOLFOX
regimen in 87 patients with advanced HCC after TACE fail-

ure/refractoriness, based on 2014 JSH-LCSGJ criteria. The
majority of patients in the cohort had multinodular HCC and
large tumors with a mean diameter of largest tumors of 7.1
cm. The OS, PFS, and time to tumor progression (TTP) were
up to 9 months, 3.7 months, and 4.1 months, respectively.
However, approximately 29% (25/87) of patients received
concurrent treatment with MTAs and the related information
was not reported, which may have introduced an element of
bias resulting in weaker efficacy of HAIC monotherapy.

In addition, various locoregional therapies including dif-
ferent types of TACE or percutaneous therapies have been
investigated. A small pilot study investigated the efficacy
of TACE with DC beads (DCB-TACE) in 10 patients with
solitary HCC nodules that were insensitive to lipiodol-TA-
CE.1% All tumor nodules responded to DCB-TACE at the 1
month follow-up, and the median TTP was 7.8 months.
Unfortunately, the end point of DCB-TACE was not report-
ed and eight of the 10 patients received additional treat-
ments such as HAIC and radiation therapy. Kobayashi et
al.l’7 explored the potential of Hepasphere Microspheres
for HCC refractory to conventional TACE following the 2014
JSH-LCSG] criteria. The targeted tumors had a good re-
sponse to Hepasphere-TACE, with an ORR of 19.1% and
a disease control rate (DCR) of 76.4%. The median PFS
and OS in the study were 2.9 and 16.3 months, respec-
tively. Besides, grade 3/4 AEs were not documented, and
liver function was preserved during TACE. Transarterial ra-
dioembolization (TARE) for HCC after drug-eluting beads
TACE (DEB-TACE) failure/refractoriness was reported in
2017.18 The majority of patients (22/30) in the cohort had
multinodular HCCs, and the mean diameter of largest tu-
mor was 4.1 cm. The median OS after first TARE was 14.8
months and the safety profile was acceptable. In addition,
eleven patients (36.7%) had partial responses and three
(10%) were downstaged within the Milan criteria and sub-
sequently received liver transplants. Kim et al.1® reported
the outcomes of balloon-occluded TACE for multinodular
HCC after conventional TACE. The study included 60 pa-
tients with Barcelona Clinic Liver Cancer A/B/C stages and
a mean tumor diameter of 3 cm. The primary efficacy out-
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Table 2. Studies of treatment and prognosis subsequent to TACE failure/refractoriness

StudyRef Pa- BCLC Definition of TACE fail- Subsequent Median OS (95% CI),
y tients, n stage ure/refractoriness treatment months; p-value
Iwasa et al., 84 C An increase in size or TAI with cisplatin -
201114 25% reduction in size of
the hypervascular lesions
1 month after TACE
Song et al., 10 A/B More than two DEB-TACE 22.2 (N/A)
201316 consecutive incomplete
necrosis (depositions
<50% of lipiodol)
Ikeda et al., 114 N/A Progression or a tumor sorafenib vs. hepatic 16.4 (N/A) vs. 8.6
201421 shrinkage rate of <25% of arterial infusion (N/A); p<0.01
the hypervascular lesions chemotherapy
1-3 months after TACE
Ogasawara et 56 B 2010 JSH criteria sorafenib vs. 25.4 (9.3-41.5) vs. 11.5
al., 201413 continued TACE (8.3-14.8); p=0.003
Arizumi et 56 B 2014 JSH-LCSG] criteria sorafenib vs. 24.7 (17.16-54.7)
al., 201512 continued TACE vs. 13.6 (8.96-
17.43); p=0.002
Hatooka et 96 B/C 2010 JSH criteria HAIC vs. sorafenib 8 (N/A) vs. 15
al., 201623 (N/A); p=0.021
Huang et al., 26 B Disease progression or S-1 chemotherapy 17 (15.6-18.4) vs. 15
201632 shrinkage of <25% in plus TACE vs. TACE (9.2-20.8); p=0.549
hypervascular tumor lesions monotherapy
after 1-2 cycles of TACE
Huang et al., 26 B Disease progression or S-1 chemotherapy 18 (15.3-24.7) vs. 13
201631 shrinkage of <25% in plus TACE vs. TACE (9.8-16.2); p=0.040
hypervascular tumor lesions monotherapy
after 1-2 cycles of TACE
Wu et al., 201728 61 ® No details presented TACE plus sorafenib 17.9 (N/A) vs. 7.1
vs. TACE (N/A); p<0.001
Klompenhouwer 30 B/C Progression or stable TARE 14.8 (8.33-26.5)
et al., 201718 disease after one or more
sessions of DEB-TACE
Kodama et 152 N/A 2014 JSH-LCSG] criteria HAIC vs. sorafenib 7 vs. 7 for MVI positive;
al., 201822 p=0.6710.5 vs. 20 for
MVI negative; p=0.001
Qiu et al., 201933 58 B/C 2014 JSH-LCSG] criteria TACE plus apatinib 17.0 (12.0-22.0) vs. 10.7
vs. TACE (6.4-15.0); p=0.027
Lin et al., 20202° 66 A/B/C Progressive disease after two TACE plus sorafenib 23.1 (N/A) vs. 11.0
consecutive of transarterial vs. TACE (N/A); p=0.001
chemoembolization
treatment within 6 months
Chen et al., 44 B No less than 2 consecutive MWA vs. sorafenib Not reached vs. 16.6
202026 ineffective responses of (13.4-19.8); p=0.001
treated tumors (necrotic
lesion <50%) or one
ineffective response of
treated tumors (necrotic
lesion <25%) or tumor
number increased
Kim et al., 60 A/B/C No details presented balloon-occluded TACE Median TTP: 5.3 (4.0-6.9)
202019
Yoo et al., 202024 94 B/C 2014 JSH-LCSG] criteria TACE plus 6.4 (2.9-9.9) vs. 4.1
chemotherapy (2.6-5.6); p=0.355
vs. sorafenib
Shimose et 171 B 2014 JSH-LCSG] criteria lenvatinib vs. Median PFS: 5.8 vs. 3.2
al., 202027 sorafenib vs. TACE vs. 2.8; p=0.01, p<0.001
(continued)
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Table 2. (continued)

StudyRef Pa- BCLC Definition of TACE fail- Subsequent Median OS (95% CI),
y tients, n stage ure/refractoriness treatment months; p-value
Villani et al., 76 B Development of new continue TACE 10.6 (2.3-14.0) vs. 9.5
202125 intrahepatic lesions, the vs. sorafenib (1.7-12.3); p=0.72

appearance of vascular

invasion, the appearance of

extrahepatic spread after 3

months from TACE session
Kobayashi et 27 B/C 2014 JSH-LCSG] criteria DEB-TACE 16.3 (8.6-24.0)
al., 2020t
Zheng et al., 51 B/C 2014 JSH-LCSG] criteria TACE+IClIs+sorafenib 23.3 (17.56-29.07)
202134 vs. TACE+sorafenib vs. 13.8 (9.11-

18.50); p=0.012

Kaibori et 70 B 2014 JSH-LCSG] criteria TACE+sorafenib 20.5 vs. 15.4; p=0.009
al., 202130 vs. TACE
Hsu et al., 87 C 2014 JSH-LCSG] criteria HAIC 9.0 (7.6-10.4)
202115
Xu et al., 202120 19 A/B 2014 JSH-LCSG] criteria 125] brachytherapy Median TTP: 8.8

BCLC, Barcelona Clinic Liver Cancer; CI, confidence interval; DEB-TACE, drug-eluting bead transarterial chemoembolization; HAIC, hepatic arterial infusion chemo-
therapy; ICIs, immune checkpoint inhibitors; JSH, Japan Society of Hepatology; LCSGJ, Liver Cancer Study Group of Japan; MWA, microwave ablation; OS, overall
survival; PFS, progression-free survival; TACE, transarterial chemoembolization; TAI, transcatheter arterial infusion; TARE, transarterial radioembolization; TTP, time

to progression.

come of the study was TTP and not OS. The median TTP
was 5.3 months and the major complication rate was only
6.7% (4/60). At the first follow-up, tumor response was
achieved in all 60 patients, among whom 45 (75%) had
complete responses and 15 (25%) had partial respons-
es. Xu et al.2% reported computed tomography-guided Io-
dine-125 (1251) seed implantation for the treatment of HCC
after TACE failure/refractoriness. All 21 patients in their
cohort had solitary HCC nodules with a mean diameter of
4.3 cm. The median TTP was 8.8 months and the 6 month
ORR of the targeted tumors was 90.5%. The findings sug-
gested that aggressive locoregional therapies, including
1251 brachytherapy and thermal ablation can achieve fa-
vorable outcomes in residual HCC nodules <5 cm, as tu-
mors of that size tend to undergo complete necrosis with
minimal postoperative liver damage. However, all were
single-arm studies with small sample sizes. Larger studies
are required to provide more robust evidence.

Switching to sorafenib and comparison with other
treatments

During the past 10 years, sorafenib has been used as the
standard treatment for advanced HCC with preserved liver
function. Whether it is also the ideal treatment for patients
after TACE failure/refractoriness is of considerable interest
to the researchers. Ikeda et al.?2! compared the efficacy of
sorafenib therapy (n=48) with that of HAIC using cisplatin
(n=66) in a study of 114 patients with HCC after TACE fail-
ure/refractoriness. They defined TACE failure/refractoriness
as tumor progression or a tumor shrinkage rate of <25% for
hypervascular lesions 1-3 months after TACE. The median OS
in the sorafenib group was significantly longer than that in the
HAIC group (16.4 vs. 8.6 months; p<0.01). The correspond-
ing DCRs were 60.4% vs. 28.8% (p=0.001) and the median
TTPs were 3.9 vs. 2.0 months (p<0.01), which were also sig-
nificantly better in the sorafenib group. The study results fa-
vored sorafenib over HAIC as the subsequent treatment after
TACE failure/refractoriness. A large study by Kodama et al.?2
compared sorafenib and HAIC as subsequent treatment af-

ter TACE failure/refractoriness based on the 2014 JSH-LCSGJ
criteria. Patients were divided into two groups by their mac-
roscopic vascular invasion (MVI) status. In the MVI-positive
group, the median OS was not significantly different between
patients receiving sorafenib and HAIC (7 months in both
groups, p=0.67). In the MVI-negative group, the median OS
of patients receiving sorafenib was significantly longer than
that of patients receiving HAIC (20 months vs. 10.5 months,
p=0.001). The authors concluded that sorafenib may be a
better choice compared to HAIC for HCC with MVI after TACE
failure/refractoriness. Notably, Hatooka et al.23 found that
HAIC tended to cause vascular damage and led to drug resist-
ance compared with sorafenib, thereby resulting in a shorter
time to treatment failure and shorter median OS for patients
with TACE failure/refractoriness. Yoo et al.2* compared the
effectiveness of conventional TACE combined with systemic
infusion of 5-fluorouracil and sorafenib. Of the 94 patients
with unresectable HCC who were refractory to DEB-TACE, 49
received transarterial infusion of epirubicin and cisplatin in a
mixture of 5 to 10 mL of iodized oil without gelatin sponge
embolization, followed by systemic infusion of 5-FU (200 mg/
m2) for 12 h. Although patients treated with TACE combined
with systemic chemotherapy had longer median OS, the be-
tween-group difference was not statistically significant (6.4
vs. 4.1 months; p=0.355). Notably, grade 3/4 AEs occurred
more frequently in the sorafenib group than in the combina-
tion group (p=0.024). The authors concluded that TACE com-
bined with HAIC may be a better alternative for patients who
experience TACE failure/refractoriness along with sorafenib
intolerance. However, more definitive evidence is required to
support the efficacy and safety of combination therapy.
Ogasawara et al.13 and Arizumi et al.12 performed similar
retrospective studies that compared the treatment efficacy
of sorafenib monotherapy and continued TACE for intermedi-
ate HCC after TACE failure/refractoriness in 2014 and 2015,
respectively. Both studies demonstrated the superiority of
sorafenib monotherapy over continued TACE with respect
to survival outcomes and preservation of liver function. The
study by Ogasawara et al.13 included 56 patients, and ap-
proximately 80% patients had =3 tumor nodules. Compared
with patients who received continued TACE, patients in the
sorafenib group (n=36) had significantly longer median OS
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(25.4 vs. 11.5 months; p=0.003). Simultaneously, time to
liver dysfunction, defined as the period from judgment as
TACE-refractory until diagnosis of Child-Pugh C disease,
was significantly longer in the sorafenib group (29.8 vs.
17 months; p=0.030). A study by Arizumi et al.12 included
32 patients who switched to sorafenib and 24 patients who
continued to receive TACE. The median OS in the sorafenib
group was significantly longer than that in the TACE group
(24.7 vs. 13.6 months; p=0.002). At the 6 month follow-up,
the TACE group experienced more serious deterioration of
liver function (p=0.005). Nevertheless, as information relat-
ed to tumor characteristics was not reported, it is debatable
whether the difference of OS was related to the between-
group differences in the baseline characteristics of patients.
Additionally, the median treatment time in the sorafenib
group was only 4.13 months, and the survival time after tu-
mor progression was up to 20 months. The long treatment
time after tumor progression may have challenged the ef-
ficacy of sorafenib. Recently, Villani et al.2> reported results
that conflicted with those of the two aforementioned studies.
Their study included 76 elderly patients =65 years of age
with intermediate-stage HCC after TACE failure/refractori-
ness. The median OS of the two groups were comparable,
with an OS of 9.5 months for sorafenib and 10.6 months for
continued TACE (p=0.72). The corresponding 1 year survival
rates were 43.6% and 32% (p=0.12). Interestingly, micro-
wave ablation (MWA) had better outcomes than sorafenib for
viable residual nodules that were insensitive to TACE. Chen
et al.?6 compared the outcomes of sorafenib and MWA for
intermediate HCC with tumor sizes <7 cm and tumor num-
bers <5 after TACE failure/refractoriness. The study included
52 patients and after one-to-one propensity score match-
ing (PSM), 22 pairs were enrolled for further analysis. Me-
dian OS in the MWA group was significantly longer than that
in the sorafenib group both before (48.8 vs. 16.6 months,
p=0.001) and after (not reached vs. 16.6 months; p=0.001)
PSM. In spite of the favorable OS, the safety of MWA as well
as tumor response was not documented in the study.

The REFLECT trial demonstrated the efficacy and safety
of lenvatinib for advanced HCC.35 Subsequently, it has been
applied as another first-line treatment for advanced HCC.
Shimose et al.?’” compared sorafenib (n=53), lenvatinib
(n=45), and continued TACE (n=73) for intermediate HCC
after TACE failure/refractoriness. The definition of TACE fail-
ure/refractoriness was based on the 2014 JSH-LCSG] cri-
teria, and 84% of patients (144/171) were beyond the up-
to-seven criteria. The median PFS was significantly longer
in the lenvatinib group (5.8 months) than in the sorafenib
(3.2 months), and continued TACE (2.8 months) groups
(p<0.001). The up-to-seven criteria, albumin-bilirubin
(ALBI) grade and treatment modality were prognostic fac-
tors for PFS. Building upon the positive outcomes of pre-
vious studies, molecular targeted-agent monotherapy may
be a good alternative for patients who have TACE failure/
refractoriness along with a heavy tumor burden.36

Continued TACE combined with systemic therapies
compared with other treatments

Although many randomized controlled trials in addition to
the TACTICS trial, failed to demonstrate the efficacy of
combination therapy with TACE and sorafenib for interme-
diate-stage HCC, additional sorafenib administration to pa-
tients with TACE refractoriness may potentially improve the
prognosis.37-3% In a study by Wu et al.28 TACE-refractory
patients treated with TACE plus sorafenib had significantly
better median OS than TACE monotherapy, (17.9 vs. 7.1
months, p<0.001). Similarly, the combination treatment
group had significantly better median TTP (9.3 vs. 3.4
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months, p<0.001). The toxicity of sorafenib was effectively
mitigated by lowering the drug dose; only two patients in
the combination group experienced severe AEs. A study by
Lin et al.?® also supported the efficacy of additional sorafenib
administration for patients with TACE refractoriness, with a
median OS of 23.1 months with combination therapy and
11.0 months with TACE monotherapy (p=0.001). Further-
more, by analyzing the characteristics of the 202 TACE-re-
fractory patients in the study, a tumor number >3, tumor
size 25 cm, bilateral tumor extent, or baseline AFP level
>200 mg/dL were identified as risk factors for TACE refrac-
toriness. Early initiation of combination therapy was recom-
mended for such high-risk patients. In a recent study that
supported combination therapy with TACE and sorafenib
for intermediate HCC after TACE failure/refractoriness, ad-
ditional sorafenib administration increased the interval be-
tween two TACE sessions, prolonged the maintenance of
liver function, prolonged the time to extrahepatic spread,
and improved. the transition to post-treatments.30

Huang et al.31:32 performed two similar studies compar-
ing the treatment outcomes of TACE monotherapy and TACE
combined with S-1 chemotherapy. Both studies included 26
patients with intermediate HCC, and TACE failure/refracto-
riness was defined as disease progression or shrinkage of
<25% in hypervascular tumor lesions after 1-2 cycles of
TACE. Combination treatment had significantly better me-
dian OS (18 vs. 13 months; p=0.040) in one of the two
studies.3! Interestingly, in the other study, the median OS
was not significantly different between the two treatments
(17 months for TACE plus S-1 and 15 months for TACE
monotherapy, p=0.549).32 The difference in the last day
of follow-up may be responsible for the difference clinical
outcomes. Qiu et al.33 investigated the treatment outcomes
of concurrent apatinib administration for unresectable HCC
after TACE failure/refractoriness. A total of 58 patients were
included and TACE failure/refractoriness was defined follow-
ing the 2014 JSH-LCSG]J criteria. Patients treated with TACE
combined with apatinib had significantly better median OS
compared with those treated with TACE monotherapy (17.0
vs. 10.7 months; p=0.027). Similar results were observed
with respect to median PFS (7 vs. 2 months; p<0.001).
Three patients in the combination group experienced severe
AEs and the remaining 39 experienced a series of apatinib-
related AEs that were relieved by symptomatic treatment
or dosage reduction. The positive outcomes of combination
treatment using apatinib instead of sorafenib were con-
sistent with previous studies that investigated the use of
sorafenib as systemic therapy.

Recently, Zheng et al.3* reported the efficacy and safety
of TACE combined with immune checkpoint inhibitor (ICI)
therapy and sorafenib for patients with TACE failure/re-
fractoriness. A total of 51 patients with unresectable HCC
who were refractory to TACE were included and were as-
signed to treatment with TACE combined with sorafenib
(n=29), or TACE combined with sorafenib plus an ICI, ei-
ther pembroizumab (n=10) or nivolumab (n=12). Patients
in the triple combination treatment group had significantly
better treatment efficacy compared with those in the TACE
combined with sorafenib group, with longer median OS
(23.3 vs. 13.8 months; p=0.012), better DCR (81.82%
vs. 55.17%; p=0.046), and longer median PFS (16.26 vs.
7.30 months; p<0.001). However, there was no signifi-
cant difference in median OS or PFS between patients re-
ceiving different ICIs. Four patients in the triple combina-
tion group and three patients in the TACE combined with
sorafenib group required dose reduction or treatment in-
terruption (18.18% vs. 10.34%, p=0.421). The incidence
of AEs was comparable in both groups. The study was the
first attempt to explore treatment outcomes of TACE com-
bined with recently recommended systemic therapy with
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Fig. 1. Pathological and physiological changes in HCCs with consecutive insufficient responses to TACE. (A) HCCs can be nourished by several potential
arteries other than the main feeding artery, and peritumor tissue can be supported by the portal vein as well. (B) After consecutive super selective TACE, HCCs may still
be viable or even undergo progression because of a blood supply from delicate collateral arteries or the distal portal vein. Hypovascular HCCs tend to have unsatisfied
iodized oil deposition. Under those circumstances, additional TACE is no longer effective, and define TACE failure/refractoriness. (C) Additional TACE sessions after TACE
failure/refractoriness not only insignificantly increase tumor response rate but also damage liver function. Frequent interventional insults put pressure on the tumor
microenvironment, making the residual HCCs more malignant and aggressive. TACE, transarterial chemoembolization.

ICIs combined with a molecular agent for HCC refractory
to TACE. Further studies are required to draw more defini-
tive conclusions.

Discussion

In spite of the multitude of studies of TACE failure/refrac-
toriness, standardized treatment recommendations for pa-
tients with TACE failure/refractoriness have not yet been
developed. That is largely attributable to two main reasons.
Firstly, there is no clear consensus on the definition of TACE
failure/refractoriness; a widely-accepted definition is ex-
pected to guide study designs and protocols. Notably, seven
of the 23 retrieved studies used local tumor response as the
sole criterion for judging TACE failure/refractoriness, which
may be attributable to the locoregional nature of TACE. It
seems to be well-accepted that insufficient radiologic re-
sponse of treated tumors after repeat TACE sessions is one
of the unambiguous definitions of TACE failure/refractori-
ness (Fig. 1). However, whether portal vein tumor throm-
bosis, extrahepatic spread, and new lesion(s) are TACE
endpoints is still under debate. Secondly, the definition of
TACE failure/refractoriness incorporates many situations
and considerable patient heterogeneity poses a challenge
to the formulation of a unequivocal treatment strategy. In
2020, a nationwide online survey of 257 clinicians treating
HCC in 184 hospitals in China was conducted to identify
the real-world trends in the clinical application of TACE and
recognition of TACE failure/refractoriness.4% Most clinicians
(n=229, 89.1%) agreed that TACE was a palliative treat-
ment but can achieve curative effects under certain con-
ditions. Despite the varied treatment outcomes of TACE,
nearly all (n=252, 98.1%) still choose TACE as the first-
line treatment of patients with intermediate-stage HCC. In
addition, 90% (n=226) did not think the current scoring
systems, including the ART and ABCR scores or the up-to-
seven criteria, were effective in guiding TACE treatment or
repeated TACE procedures. Nearly three-quarters (n=199,
74.3%) supported the rationale of the concept of TACE fail-
ure/refractoriness, but 91.4% (n=235) did not agree with
the current definition of TACE failure/refractoriness. Most
participants (n=221, 86%) believed that repeated TACE

can be performed for HCC nodules with insufficient necro-
sis, especially when the tumor-feeding artery was identified
by angiography. However, they reported that TACE should
be performed no more than three times before assessment
of treatment outcome, nearly one-third (n=75, 29.2%)
thought that three insufficient TACE sessions was the ideal
number to define TACE failure/refractoriness. Notably, only
a small proportion (n=42, 16.3%) of participants agreed
that appearance of new intrahepatic lesion(s) should be
considered as a criterion for TACE failure/refractoriness.
Combination therapy, including TACE, was considered as the
ideal treatment for new HCC nodule(s). Similarly, as long
as patients had well-preserved liver function, over 90% of
respondents would choose continuing TACE or TACE-based
combination therapy to interfere with intrahepatic tumor
progression even in the setting of invasion of portal vein
(n=242, 94.2%) or extrahepatic organs (n=253, 98.5%).
Based on the evidence from previous studies as well as the
survey outcomes, a potentially useful schematic illustration
(Fig. 2) is presented to judge TACE failure/refractoriness
and to guide subsequent treatment to overcome TACE fail-
ure/refractoriness.

Conclusion

Overall, not only sorafenib but also other therapies such as
DEB-TACE, HAIC, ablation, and TACE combined with sys-
temic therapies are potentially useful as subsequent treat-
ment after TACE failure/refractoriness. However, all the
available evidence is based on retrospective studies. Pro-
spective studies are warranted to identify the ideal treat-
ment for HCC after TACE failure/refractoriness.
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