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Abstract

Purpose of review To review the current status and ideal time interval of the combination therapy of transarterial chemoem-
bolization (TACE) and local ablation for patients with HCCs.

Recent findings In recent years, local ablation has been proposed as an alternative curative treatment in the management of
HCC. Additionally, many treatment options are available including TACE molecular targeted agents and immune checkpoint
inhibitors. Similar overall survival rates and prognoses have been obtained with radiofrequency ablation (RFA) microwave
ablation (MWA) and cryoablation for patients with HCCs up to 3 cm in diameter. Yet, MWA has shown superiority in treating
large HCCs while cryoablation has several advantages compared with RFA or MWA. Furthermore, the treatment strategy of
TACE combined with local ablation is widely accepted by many physicians in order to further increase the survival rate and
improve the prognosis of patients with HCCs. However, the time interval between the two sessions of combination therapy
remains uncertain in the current guidelines.

Summary Combination therapy of TACE and local ablation has advantages on survival and prognosis in patients with HCC
compared with monotherapy. Good patient selection for the right modality needs to be carried out to guarantee the most
efficacious treatment for HCC patients. Further studies are needed to find the ideal time interval between TACE and local
ablation for HCC patients.

Keywords Transarterial chemoembolization - Radiofrequency ablation - Microwave ablation - Cryoablation -
Hepatocellular carcinoma

Introduction radiofrequency ablation (RFA), microwave ablation (MWA)),
and cryoablation, was introduced as an alternative curative
treatment for early-stage HCCs [1, 5]. However, this malig-

nant tumor is still associated with dismal survival rates due

Primary liver cancer (PLC) is one of the most common
malignant tumors and is a leading cause of cancer-related

death worldwide [1]. Approximately half of new liver can-
cer cases and deaths occurred in China [2]. Hepatocellular
carcinoma (HCC) is the most common type of primary liver
cancer worldwide, which is mainly due to liver cirrhosis
resulting from hepatitis infection or alcoholic cirrhosis [3,
4].

Liver transplantation and surgical resection are generally
considered to be curative for Barcelona Clinic Liver Cancer
(BCLC) stage 0/A HCC. Recently, local ablation, including
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to its late diagnosis. While the majority of HCCs are non-
operable when diagnosed, transarterial chemoembolization
(TACE) plays an important role in the management of unre-
sectable HCC.

By delivering chemotherapeutic agents to the tumor site
and occluding the tumor-feeding artery with embolic mate-
rials, TACE usually results in tumor cell ischemia, hypoxia
and even apoptosis. This is because the blood supply of HCC
mostly comes from the hepatic artery, while the normal
hepatic parenchyma is supplied by both the portal vein and
hepatic artery [6]. Therefore, this intravascular treatment is
now recommended as the first-line treatment for BCLC stage
B HCC according to the BCLC guidelines.

Nevertheless, for patients with HCC undergoing TACE
alone, the tumor necrosis rate is low, while the intrahepatic
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recurrence rate is high. Residual tumors can still be observed
in many cases. One possible reason is that it is hard to embo-
lize all the feeding arteries of the tumor. Moreover, recanali-
zation and angiogenesis may occur after TACE, which could
promote tumor recurrence and metastasis, and collateral cir-
culation may be established [7].

In past years, many investigators have tried to manage
HCC by combining TACE with local ablative treatment as
a sequential therapeutic session and achieved better local
tumor control and OS. The purpose of this review is to sum-
marize recent clinical findings and provide an overview of
the combined therapy of TACE and percutaneous ablation.

Radiofrequency ablation

According to the guidelines, RFA is recommended as a
curative treatment for small liver cancer. Tumor tissues
undergo coagulation necrosis after RFA, which generates
an alternating electric field that leads to ionic agitation. The
temperature of ablative region can reach up to 100 °C [8,
9]. In a recent randomized clinical trial (RCT) including
218 patients with early-stage HCC, similar tumor recurrence
(71.3% vs 81.7%), disease-free survival (DFS; p=0.072)
and OS (p=0.531) were observed between surgical resec-
tion and RFA [10]. However, RFA is more likely to be
incomplete in the management of HCC larger than 3 cm in
diameter or localized near major vessels due to the so-called
heat-sink effect [11].

To overcome this limitation and achieve better outcomes,
investigators are increasingly applying the combined therapy
of TACE and RFA to treat HCC patients, since TACE and
RFA have a synergistic effect. On one hand, RFA before
TACE can induce a peripheral hyperemic rim, which
improves the deposition of the TACE cocktail by increasing
local blood supply to the peripheral rim of the tumor nodule.
On the other hand, TACE before RFA can result in a larger
ablative area by reducing the blood flow to and around the
tumor lesion, which helps to overcome the heat-sink effect
[12].

TACE combined with RFA

In a recent retrospective observational study on 69 patients
with small-sized HCC (<3 cm in diameter) infeasible for
US-guided RFA, combined therapy of TACE and RFA
resulted in favorable 1-, 2-, 3-, 5-, 7-year local tumor pro-
gression (LTP; 4.4, 6.8, 8.2, 9.5, and 9.5%, respectively)
and OS (100, 95, 89, 80, and 80%, respectively) and seems
to be an effective treatment for small HCCs in unfavorable
location or with poor conspicuity [13].

In the management of intermediate-sized (3—5 cm) HCCs,
biplane fluoroscopy and ultrasonography (US)-guided RFA

were performed on 21 patients within 14 days after TACE;
cumulative rates of 1- and 3-year local tumor progression
were estimated at 9.5% and 19.0%, respectively, and the inci-
dence of complications was low (1/21) [14]. Similar thera-
peutic effects of combination therapy were achieved for the
treatment of larger HCCs [15]. Thus, combined therapy of
TACE and RFA is safe and effective for early and non-early
HCCs, with low tumor progression rates and favorable OS.

TACE combined with RFA versus TACE alone

To further investigate the treatment effect of combined
therapy of TACE and RFA, some investigators compared
TACE-RFA with TACE alone. Yin et al. analyzed the clini-
cal materials of 211 patients with intermediate (BCLC B
stage) HCCs and reported that TACE combined with RFA
achieved a higher complete tumor necrosis rate (76.9% vs.
46.5%, p=0.02), with a lower major complication rate (1.8%
vs. 2.6%) in comparison with TACE alone. Meanwhile, the
results showed that the combination group had a higher total
tumor control rate (74.5% vs. 54.5%, p<0.001) and 1-, 3-
and 5-year survival rates (p=0.01) than TACE alone [16]. In
a retrospective study in 59 patients with intermediate HCCs,
the multivariate analysis in this study identified additional
RFA as an independent factor significantly associated with
positive OS [17].

In addition, Hyun et al. ran a retrospective study compar-
ing the efficacy of combination therapy with that of TACE
alone; 37 patients underwent TACE with sequential RFA,
while TACE alone was performed on 54 cases for which
surgical resection and US-guided RFA were unfeasible or
refused by them or their family. In their study, the com-
bination therapy group had a significantly longer time to
progression (TTP; p=0.014) and higher cumulative 1-, 2-,
and 3-year overall survival rates (p =0.008) than those in
TACE alone group [18].

Moreover, by comparing the expression level of hypoxia-
inducible factor (HIF-1a), early growth response protein
2 (EGR2) and alpha fetal protein (AFP) of patients with
HCCs between the TACE-RFA group (n=72) and TACE
alone group (n=72), Yuan et al. found that the combina-
tion therapy of TACE plus RFA improved both short- and
long-term treatment effects by enhancing immune function,
suppressing angiogenesis and reducing tumor cell prolif-
eration [19]. In a recent meta-analysis comprising 1 RCT
study and 10 retrospective studies with 928 patients also
treated with TACE-RFA or TACE alone, tumor response
rates; recurrence-free survival (RFS) rates; and 1-, 3-, and
5-year OS rates were superior in the TACE-RFA group (all
p<0.001) [20].

Thus, compared with TACE alone, the combination of
TACE and RFA can increase the tumor necrosis rate, slow
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tumor progression, and improve the OS of patients with
HCC:s, especially intermediate HCCs.

TACE combined with RFA versus RFA alone

RFA is one of the most widely used non-surgical treatments
for HCCs. In most cases, RFA is used as an alternative cura-
tive treatment for patients with early HCCs who are not suit-
able for surgical resection and liver transplantation. During
the last decade, investigators are increasingly combining
TACE with RFA to achieve better therapeutic outcomes.

In a small-scale RCT study comparing RFA combined
with TACE to RFA alone in 37 patients with intermediate
(3.1-5 cm) HCCs, the mean diameter of the short axis of
the RFA-induced ablated areas in the RFA alone group was
smaller than that in the TACE-RFA group, with significant
differences (p =0.012). Although no significant difference
was observed in terms of survival rates of the patients in
the two groups, RFA combined with TACE resulted in
decreased local tumor progression than RFA alone at the
end of the third year (6% vs. 39%, p=0.012) [21].

A prospective randomized trial enrolling 189 patients
with HCC less than 7 cm was conducted in China. The
1-, 3-, and 4-year OS (p=0.002) and RFS (p=0.009) of
the TACE-RFA group were longer than those for the RFA
group. Multivariate Cox regression analysis identified treat-
ment allocation as one of the significant prognostic factors
of RFS and OS [22].

In a recent study, 83 patients with 83 small hypervascular
HCCs (range 6-30 mm) underwent RFA with or without
TACE; TACE + RFA, compared to RFA alone, significantly
improved OS (p <0.001), intrahepatic distant recurrence
(IDR; p=0.038) and tumor-free survival (DFS; p=0.010)
[23]. However, different results were reported in a retrospec-
tive study, whereby Siriapisith et al. found that additional
TACE might not be necessary if RFA is performed while
controlling for the important factors in the management of
small unresectable HCCs [24].

Several meta-analyses have shown that TACE combined
with RFA results in longer OS of patients [25, 26] and RFS
[27] in comparison with RFA alone. These findings suggest
that combined TACE with RFA may be more effective for
managing patients with unresectable HCCs than RFA alone.

TACE combined with RFA versus surgical resection

Although TACE combined with RFA has become one of the
most important curative treatments for patients with HCCs,
the effect of combination of TACE and RFA compared with
surgical resection remains controversial. Surgical resection
and liver transplantation are still the priority for early-stage
HCCs.
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In a retrospective matched case—control study pub-
lished in 2017, 74 HCC patients within the Milan criteria
underwent the combination therapy, and 148 patients who
received surgical resection were selected as matched con-
trols. Patients treated with TACE and sequential RFA had
similar 1-, 3-, and 5-year overall survival (p =0.488) as
patients who underwent surgical resection (94.6, 75.1 and
55.3% vs. 91.2, 64.4, and 47.7%, respectively). The 1-, 3-,
and 5-year disease-free survivals (DFS) in the TACE-RFA
group were also similar (p=0.619) to those in the surgical
resection group [28]. In another multicenter case-matched
study of 420 HCC patients, patients who received surgical
resection had significantly longer OS (p =0.004) than those
who received the combination treatment. However, after the
propensity score matching, no significant differences were
observed in OS (p=0.138) between the two groups. Sub-
group analysis showed that TACE with sequential RFA pro-
vided a prolonged median OS compared to surgical resection
in patients beyond the Milan criteria [29].

The above studies confirmed that combination treatment
was comparable to surgical resection. However, in an RCT
with 200 patients, the 1-, 3- and 5-year OS rates in the par-
tial hepatectomy group were significantly higher than those
in the TACE-RFA group (p=0.007), and patients treated
with partial hepatectomy had a significantly longer RFS than
those in the combination therapy group. On further subgroup
analysis of patients with HCC <3 cm in diameter, OS and
RFS become comparable between the two treatments [30].

Therefore, the combination of TACE and RFA may have
comparable therapeutic outcomes with surgical resection
among patients with early HCCs. Additionally, the mini-
mally invasive combined treatments result in shorter hospital
stays and lower incidence of complications [31].

Microwave ablation

Microwave heating relies on a dielectric heating mechanism
that generates an electromagnetic field around the electrode,
resulting in homogeneous heating and coagulation necrosis
of the target lesions.

TACE combined with MWA

Microwave ablation (MWA), such as RFA, has been estab-
lished as an efficacious minimally invasive thermal tech-
nique that causes coagulation necrosis of tumor tissues. In
a recent systematic review and meta-analysis, MWA was
demonstrated to be as effective as RFA for HCC (OR 1.01,
95% CI 0.53-1.87, p=0.98), and it provide superior out-
comes compared with RFA in cases of larger nodules (OR
0.46, 95% C1 0.24-0.89, p=0.02) [32].
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In comparison with RFA, MWA heats up more quickly,
and this feature contributes to shortening the time of abla-
tion; besides, MWA can reach a higher temperature than
RFA. Moreover, MWA may have the advantage of synchro-
nously treating more target lesions in a shorter time than
RFA [9, 33]. Unlike RFA, MWA has been considered to be
less affected by the heat-sink effect. Thus, MWA applied
after TACE has a potential benefit for patients with HCCs,
since the combination therapy may surmount the heat-sink
effect and thus achieve better local tumor responses than
monotherapy.

TACE combined with MWA versus TACE alone

To test this hypothesis, Chen et al. studied the clinical data
of 244 patients with HCC nodules not exceeding 5 cm who
were treated with TACE and MWA or TACE alone. The
results showed that patients in the combination therapy
group had higher tumor necrosis rates and tumor response
(CR+ PR +SD) rates at 6 months than those in the TACE
alone group (both p <0.001). Furthermore, the combina-
tion therapy resulted in better time to tumor progression
than monotherapy, and the same outcome was described in
patients with tumors < 3 cm and 3—5 cm in diameter in sub-
group analysis (both p <0.005). Nonetheless, TACE com-
bined with MWA did not show significantly better overall
survival than TACE alone (p =0.317) [34].

However, despite the similar OS of patients with HCCs
not exceeding 5 cm, MWA still has potential clinical benefits
for managing HCCs larger than 5 cm, since the long-term
outcome of TACE and other treatments has proven disap-
pointing. The results of a retrospective study conducted on
136 patients with 189 unresectable large HCCs (>5 cm in
diameter) showed that the combination therapy obtained
satisfactory long-term survival as well as TTP and liver
function. Additionally, the 1-, 3- and 5-year OS rates were
significantly higher in the combination therapy group than
those in the TACE alone group (p <0.001) [35].

These studies indicate that combination therapy may
provide better local tumor control rates and survival rates
than TACE alone, especially for patients with larger HCCs.
Further prospective studies with large samples, comparing
combination therapy with TACE alone, are still needed.

TACE combined with MWA versus MWA alone

Thus far, several studies have compared the combination of
TACE and MWA with MWA alone. In a prospective RCT
study involving 94 HCC patients not exceeding 7 cm in
diameter, the clinical benefits and long-term survival rate
of patients treated with combination therapy or thermal abla-
tion alone were evaluated. The 1-year, 3-year, and 5-year OS
rates in the TACE combined with RFA or MWA group were

93.6, 68.1, and 61.7%, respectively, which were significantly
higher (p =0.002) than those in the thermal ablation alone
group (85.1, 59.6 and 44.7%, respectively). In addition, com-
bined treatment also achieved better RFS than the thermal
ablation alone group (p =0.008) [36]. TACE may enhance
the killing effect of thermal ablation, leading to favorable
therapeutic outcomes because it can block the arteries that
feed tumors, which diminishes the influence of the heat-sink
effect and reveals small tumors or satellite lesions.

TACE combined with MWA versus radioembolization

In western countries, patients with unresectable HCC can
be treated with radioembolization using Yttrium-90 (Y90)
or Technetium-99 (Tc99) microspheres. Y90 radioem-
bolization has been demonstrated to be safe and effective
for patients with HCC across clinical stages [37]. Unlike
TACE, Y90 radioembolization does not induce tumoral
death by embolic effect, but rather by radiation, which
allows future treatments with other arterial therapies [37,
38]. The result of a recent randomized phase 2 study com-
paring the effect of conventional TACE (cTACE) and Y90
radioembolization in patients with HCC are encouraging.
In this study, the median TTP in the Y90 radioembolization
group (> 26 months) was significantly longer than that in the
cTACE group (6.8 months) [39]. However, similar to previ-
ous studies, durable local control did not result in a survival
benefit when comparing Y90 radioembolization with TACE
or sorafenib [37].

Radiation segmentectomy (RS) is a type of radioembo-
lization treatment protocol that allows for dose escalation
to the tumor while minimizing radiation exposure to the
adjacent healthy parenchyma [37]. A previous study demon-
strated that RS could achieve excellent tumor responses with
low toxicity [40]. However, the appropriate extent to which
RS is capable of obtaining similar effectiveness outcomes
compared with thermal ablation remains controversial, and
few findings have directly compared RS with ablative tech-
niques. In 2016, Biederman et al. reported a retrospective
clinical study comparing the outcomes of RS and TACE
combined with MWA in the management of unresectable
HCC up to 3 cm in diameter. No significant differences
in the survival outcomes or tumor responses were found
between the combination treatment group and RS group
based on follow-up imaging [41].

Radiation lobectomy is a variation of the radioemboli-
zation treatment protocol, which offers volumetric liver
changes as well as tumor control [37]. In a previous time-
dependent analysis, significant reductions of tumor volume
were observed, indicating adequate tumor control. Further-
more, greater hypertrophy was observed in patients with
portal vein thrombosis treated with radiation lobectomy
who were not suitable for portal vein embolization [42]. In
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summary, many studies and trials have demonstrated the
safety and efficacy of radioembolization in the treatment of
HCC, and Y90 radioembolization may have potential for
HCC patients across clinical stages due to its multiple uses
[37]. However, further larger, randomized, prospective stud-
ies with optimal patient populations comparing Y90 radi-
oembolization with other locoregional treatments are still
needed.

TACE combined with MWA versus TACE combined
with RFA

Comparisons of tumor response rates and survival outcomes
of TACE combined with MWA and monotherapy have sug-
gested that the combination treatment may have superior, or
at least similar, clinical effects to monotherapy. To further
evaluate the efficacy of TACE combined with MWA, some
studies have compared TACE plus MWA with other thermal
ablation in combination with TACE.

In a retrospective study comparing the response rates
and survival rates between TACE combined with MWA and
TACE combined with RFA, the complete response (CR) rate
was similar between the two groups (p =0.06), but TACE
combined with MWA resulted in a significantly higher CR
rate than TACE combined with RFA for tumors measur-
ing 3-5 cm (100% vs. 81.2%, p=0.01) [43]. In another ret-
rospective study evaluating the two combination therapy
regimens by histopathology, 11 patients underwent DEB-
TACE plus RFA, and 31 patients underwent DEB-TACE
plus MWA. The complete tumor coagulation rate was simi-
lar between the two groups (p =0.74). Even when separat-
ing tumors < 3 cm and >3 cm in the subgroup analysis, the
complete tumor coagulation rates were still not significantly
different [44].

It is reasonable to believe that MWA combined with
TACE is at least similar to RFA combined with TACE and
possibly has potential survival benefits for patients with
intermediate-size HCC.

Cryoablation

Cryoablation is also a thermal ablation technique; but
unlike RFA and MWA, it can destroy tumor tissues by the
application of a device using argon gas and/or helium gas
to decrease the temperature by the Joule-Thomson effect
around the needle. The mechanisms of tissue destruction
induced by cryoablation can be concluded as direct cellular
and vascular-related injury [45].

For the management of patients with HCC, cryoablation
has some advantages compared with RFA, such as cryoa-
blation, which can create an ice ball that is well visualized
with US, CT, or MRI during the procedure and is helpful to
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monitor treatment and control the ablation zone. Further-
more, cryoablation barely causes damage to adjacent large
blood vessels and the gallbladder. Compared with other
thermal ablation methods, cryoablation is a comparatively
painless. Thus, patients are usually stable during the proce-
dure [45].

However, cryoablation may cause both local and sys-
temic side effects, such as hemorrhage, biliary injury,
liver abscesses, and cryoshock. Cryoshock, also known as
cytokine-mediated systemic shock, following cryoablation,
including acute renal failure, acute respiratory distress syn-
drome, disseminated intravascular coagulation, and liver
failure, is a fatal systemic complication that limits the use
of cryoablation for liver tumors. The complete syndrome
is very rare, while the incomplete syndrome appears to be
common [46-48].

TACE combined with cryoablation
versus cryoablation alone

Some investigators have tried to combine cryoablation with
intraarterial treatment to yield better therapeutic outcomes
for the treatment of patients with HCC. A retrospective study
was conducted on 420 patients with unresectable HCC in
consideration of their location, size or comorbidity. In this
study, cryoablation was performed under the guidance of US
2 to 4 weeks after TACE. Patients in the combination therapy
group tended to have larger tumors and a greater number of
tumors than those in the cryoablation alone group. Although
the 1- and 2-year OS rates were similar (p =0.69 and 0.147,
respectively) in the two groups, the 4- and 5-year OS rates of
patients undergoing combination therapy were higher than
those that underwent cryoablation alone (p=0.001). Patients
with larger HCC (> 5 cm) in the two groups were further
compared, and the results showed that no patients with large
HCC in the cryoablation alone group survived for more than
5 years, while 18 patients survived for more than 5 years in
the sequential group [49].

TACE combined with cryoablation versus TACE alone

In another retrospective study of 122 patients with large
unresectable HCC, Huang et al. found that the effective rate
(»=0.011) and control rate (p =0.042) of patients treated
with TACE and sequential cryoablation were significantly
higher than those of patients treated with TACE alone.
Meanwhile, the combination therapy of TACE and cryoab-
lation prolonged the median survival time and also resulted
in higher 6-, 12-, and 18-month OS rates (all p <0.05) [50].

Similarly, in a recently published prospective study
conducted on 120 patients with advanced HCC who were
treated with TACE alone or TACE combined with cryoabla-
tion, TACE combined with cryoablation resulted in a higher
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CR rate and effective rate (p <0.05) and longer survival time
than those in the TACE alone group [51].

However, the mechanism of the combination treatment
remains unclear. With this question in mind, Huang et al.
recently investigated the effects of the combination therapy
on changes of immune cells in the peripheral blood of HCC
patients. The results showed that TACE combined with cry-
oablation has a good effect on patients’ immune systems;
the CD4 + cells, CD4 +/CD8 +ratio, and NK cells were
dramatically increased (p <0.05), while CD8 4+ cells were
significantly decreased (P <0.05) [52].

Overall, these are grounds for believing that precryoabla-
tion TACE can improve the survival rate of patients treated
with cryoablation, since it can shrink the tumor, especially
those with HCC smaller than 3 cm in diameter.

Time intervals between TACE and local
ablation

The purpose of applying the combination therapy of TACE
and local ablation is to strengthen the synergistic effect of
TACE and local ablation and then increase the therapeu-
tic effect. Some studies have reported the application of
pre-TACE RFA to induce peripheral hyperemic areas of
the target tumor and increase the drug concentrations [53].
However, the effect of RFA may interfere with the blood
circulation inside the tumor if the RFA was performed
before TACE. Thus, in most situations, TACE is performed
before local ablation, since it might mitigate the “heat-sink”
effect and result in a larger ablation volume. However, in
clinical practice, long intervals are required for recovery of
liver function after TACE. In the meantime, the extended
time interval leads to recanalization and neoangiogenesis,
which might impair the synergistic effect of the combination
therapy and weaken the therapeutic effect. An appropriate
time interval of the combination therapy is one of the most
critical influences on the overall therapeutic effect; however,
unfortunately, the ideal time interval between TACE and
local ablation is still uncertain in the current guidelines.
Up to now, few papers have studied the different time
intervals between TACE and local ablation. Recently, Feng
et al. retrospectively studied the clinical data of patients who
underwent combination therapy of TACE and RFA with dif-
ferent time intervals (1-7 weeks) and tried to explore the
ideal time interval between the two sessions of combination
therapy. The results indicated that the complete remission
rate and total effective rate decreased when the time interval
was prolonged (p <0.05). Taking liver function, complica-
tions and median survival time into consideration, they sug-
gested that a period of 3—5 weeks is the ideal time interval of
combination therapy for HCC patients of Child—Pugh clas-
sification A or B [54]. However, further studies exploring

the ideal time interval between TACE and local ablation are
still needed.

Conclusions

Although we are now faced with increased options for the
treatment of HCC patients, including molecular targeted
agents and immune checkpoint inhibitors, TACE and local
ablation still play important roles in the management of
HCC patients. However, both TACE and local ablation are
impaired by local and distant tumor recurrence. The current
literature supports the idea that the combination therapy of
TACE and local ablation has advantages on survival and
prognosis in patients with HCC compared with monother-
apy. Different ablation techniques have different advantages.

Therefore, good patient selection for the right modality
needs to be carried out to guarantee the most efficacious
treatment for HCC patients. Further studies are needed to
find the ideal time interval between TACE and local ablation
for HCC patients.
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