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PURPOSE

We aimed to compare the clinical effectiveness of combination therapy of transarterial chemo-
embolization (TACE) and microwave ablation (MWA) with TACE monotherapy in BCLC stage B
HCC patients with tumor size <7 cm and tumor number <5.

METHODS

We retrospectively reviewed 150 BCLC stage B HCC patients who had received TACE monotherapy
or TACE-MWA combination therapy in our hospital from March 2007 to April 2016. The patients
were matched by propensity score at the ratio of 1:2 by optimal method. The median follow-up
period was 16 months. The overall survival, tumor response and progression-free survival were
compared between the two groups by Kaplan—Meier method and Log rank test.

RESULTS

Tumor response (complete or partial response or stable disease) rates at 6, 12, 18, 24 months were
55.5%, 37.3%, 21.3%, 15.8% for TACE group, and 74%, 47.8%, 35%, 31.8% for TACE-MWA group, respec-
tively. The survival rates at 1, 3, 5 years were 77.5%, 42.1%, 21% for TACE group and 93.1%, 79%, 67.7%
for TACE-MWA group, respectively. Compared with TACE group, the TACE-MWA group had significantly
improved progression-free survival (P = 0.044) and overall survival (P = 0.002).

CONCLUSION
TACE-MWA combination therapy has better clinical effectiveness than TACE monotherapy in
BCLC stage B patients with tumor size <7 cm and tumor number <5.

epatocellular carcinoma (HCC) ranks third as the most deadly cancer and sixth as

the most prevalent cancer (1). The Barcelona Clinic Liver Cancer (BCLC) staging in-

cludes four stages, among which BCLC stage B patients are defined as asymptomatic
multinodular HCC patients without vascular invasion or metastasis (2). EASL-EORTC Clinical
Practice Guidelines, widely used for the management of hepatocellular carcinoma, recom-
mends transarterial chemoembolization (TACE) as the standard treatment for BCLC stage B
patients (3).

The TACE procedure involves the infusion of chemotherapy agents and lipiodol, followed
by the embolization of the tumor’s supplying artery. As a result, TACE produces both cyto-
toxic and ischemia effects within the tumor tissue (4). However, the effect of TACE mono-
therapy for BCLC stage B patients is less than satisfactory with frequent progression of
tumors. Furthermore, a Cochrane systemic review challenged the clinical effectiveness of
TACE monotherapy in unresectable HCC, citing insufficient evidence (5).

Microwave ablation (MWA), a thermal ablation using electromagnetic waves, can be used
for the treatment of HCC. As the tumor is fully covered by the coagulation zone with an
acceptable safety margin, MWA may act as a potential curative substitute to surgery for
patients with unresectable HCC.

A consensus made by an International Expert Panel on Interventions in Hepatocellular
Carcinoma in Hong Kong in September 2011 stated that in order to prolong survival and
improve outcomes for the BCLC stage B HCC patients, combination therapy including TACE
therapy should be used (6). Two previous retrospective studies found that combination
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therapy of TACE and MWA led to better out-
come than TACE monotherapy for specific
HCC patients (7, 8), but their studies did not
specify the BCLC stage of included patients.
Currently, no clinical guideline clearly de-
fines the indication of combination therapy
in BCLC stage B patients.

We compared the tumor response, pro-
gression-free survival and overall survival of
TACE monotherapy with TACE-MWA com-
bination therapy using propensity score
matching. Subgroup analysis was also per-
formed based on tumor size and number.
The primary aim of our study was to com-
pare the clinical effectiveness of TACE-MWA
combination therapy with TACE monother-
apy in BCLC stage B HCC patients with tu-
mor size <7 cm and tumor number <5.

Methods

Study design and selection criteria

The study was reviewed and approved by
the institutional review board of our hos-
pital and informed consent was obtained
from all included patients. We retrospec-
tively reviewed BCLC stage B patients’ data
from March 2007 to April 2016. The inclu-
sion criteria were: a) BCLC stage B HCC di-
agnosed by EASL guideline (2); b) TACE as
initial treatment; c¢) potential candidates
for MWA evaluated by two intervention-
al radiologists with more than 10 years’
experience 1 month after the initial TACE
treatment; d) Child-Pugh A or B. Exclusion
criteria were: a) tumor size >7 cm and tumor
number >5 before the initial TACE treat-
ment; b) lost to follow-up 1 month after the
initial TACE treatment.

TACE-MWA group included patients who
received MWA anytime between the second
and fourth treatment sessions after con-
firmed diagnosis. The patients who received
only TACE were included in the TACE group.

* The progression-free survival of combined
transarterial chemoembolization and micro-
wave ablation therapy (TACE-MWA) was sig-
nificantly higher than TACE monotherapy (P =
0.044).

* The overall survival of combined TACE-MWA
therapy was significantly higher than TACE
monotherapy (P = 0.002).

* Multivariate analysis using Cox regression
showed that intervention (combined TACE-
MWA or TACE monotherapy) was significantly
associated with both tumor progression and
overall survival.

The treatment decision following the initial
TACE was made jointly by doctors and pa-
tients. In our study, each case was fully dis-
cussed by a multidisciplinary tumor board
including interventional radiologists, oncol-
ogists and hepatic surgeons. After the dis-
cussion, treatment options based on tumors
size, number, histologic analysis, and hepatic
function were presented to the patient. The
treatment decision was finally made after the
informed consent was signed by the patient.

Propensity score matching was per-
formed using optimal matching method
at the ratio of 1:2 (9), and according to
the study design and selection criteria de-
scribed above, 100 patients were included
in TACE group and 50 patients were includ-
ed in TACE-MWA group (Fig. 1).

Transarterial chemoembolization

A 5F catheter was introduced through the
femoral artery by Seldinger technique and
the angiogram of abdominal vessels was
performed to visualize the arterial supply
of the tumor. Depending on the tumor size,
location, number, and vascular supply, the
super-selective microcatheter was insert-
ed into the supplying artery of the tumor.
Then a combination of lipiodol (5-10 mL),
lobaplatin (50 mg) and pirarubicin (30 mg)
was introduced into the tumor followed by
gelatin sponge particles embolization. An
additional angiogram was performed at the

end of the procedure to ensure full emboli-
zation of the supplying artery.

Microwave ablation

The MWA device used in the study was
FORSEA (Qinghai Microwave Electronic In-
stitute) with an MTC-3 microwave genera-
tor (FORSEA, 2450 MHz). At the beginning
of the procedure, the patient was put into
deep sedation and a contrast-enhanced
computed tomography (CT) scan was per-
formed at supine position to evaluate the
tumor location, size, number and the opti-
mal puncture point. After the local anesthe-
sia of the puncture area, a 15G microwave
antenna with water circulation cooling
system was inserted into the tumor. The
microwave was set at 50-100 W for 10-20
minutes. At the end of the procedure, an
additional CT scan was performed to en-
sure full ablation of the residual tumor.

Follow-up

One month after the first TACE treatment
session, contrast-enhanced CT or magnetic
resonance imaging (MRI) was performed to
evaluate treatment effect and detect resid-
ual viable tumor. Residual viable tumor was
defined as uptake of contrast agent in the ar-
terial phase of CT or MRI with a longest diam-
eter no less than 1 cm according to modified
Response Evaluation Criteria in Solid Tumors
(MRECIST) assessment (10). If residual viable

BCLC Stage B HCC
patients treated by

BCLC Stage B HCC
patients treated by
TACE-MWA: 94

Excluded: 44
® Lostto follow-up: 14
® >70 mm or >5 nodules: 30

TACE: 559
Excluded: 347
® Lostto follow-up: 64
P <
® >70mm or >5 nodules: 283
TACE: 212

TACE-MWA: 50

Patients matched by propensity

score matching at the ratio of 1:2

TACE: 100

TACE-MWA: 50

Figure 1. Patient selection procedure.
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tumor was found, additional TACE or MWA
treatment sessions were considered. The
follow-up interval of the patients with satis-
factory treatment effect ranged from 3 to 6
months and tumor response was evaluated
according to mRECIST (10).

Statistical analysis

The R software package (version 3.4.2,
The R Foundation for Statistical Computing)
was used in propensity score matching. The
propensity score model was determined by
previous studies (8, 11), the independent
variables used in the matching included
gender, age, alpha-fetoprotein (AFP) level,
Child-Pugh score, alanine aminotransfer-
ase (ALT), tumor size and tumor number.
Propensity score matching was performed
using optimal matching method at the ra-
tio of 1:2 (9). The SPSS software package
(version 20.0.0, SPSS Inc.) was used for the
statistical analysis. Patients’ baseline char-
acteristics were analyzed by Pearson chi-
square tests or Fisher’s exact test (expected
cell counts <5) before and after matching.
The overall survival curves and the pro-
gression-free survival curves were plotted
by Kaplan-Meier method and compared
by Log rank test. The Cox regression mod-
el was used in the multivariate analysis of
progression risk factors. In the comparison
of complications between TACE and TACE-
MWA group, Pearson chi-square tests or
Fisher's exact test (expected cell counts <5)
were used. All statistical tests used in this
study were two-sided, and the difference
was considered as statistically significant
for P < 0.05.

Results

Before propensity score matching, max-
imal tumor size and tumor number were
significantly different between the two
groups; however, after matching, no statis-
tically significant difference was found on
any covariate (Table 1).

The median follow-up period was 16.2
months for the whole population (TACE
group: 16.1 months, TACE-MWA group: 17.5
months), ranging from 1 to 98.7 months
(TACE group: 1.47-65.5 months, TACE-MWA
group: 1-98.7 months). The median maxi-
mum tumor size was 42 mm in the whole
population (TACE group: 44 mm, TACE-
MWA group: 40 mm), while the range was
5-70 mm (TACE group: 5-70 mm, TACE-
MWA group: 16-68 mm).

The median number of TACE treatment
sessions was 2 (range, 1-5) in TACE group

Table 1. Patients’ baseline characteristics before and after matching

Before matching Matched
TACE TACE-MWA TACE
n=212 n=50 P n=100 P
Gender Male 195 (92) 43 (86) 0.1832 91 (91) 0.350
Female 17 (8) 7 (14) 9(9)
Age (years) <55 83 (39) 22 (44) 0.529 42 (42) 0.815
>55 129 (61) 28 (56) 58 (58)
ALT (U/L) <56 103 (49) 27 (54) 0.491 50 (50) 0.644
>56 109 (51) 23 (46) 50 (50)
AFP (ng/mL) <25 78 (37) 22 (44) 0.345 41 (41) 0.726
>25 134 (63) 28 (56) 59 (59)
Child-Pugh score A 184 (87) 46 (92) 0312 94 (94) 0.7322
B 28(13) 4(8) 6 (6)
Tumor size (mm) <50 110 (52) 36 (72) 0.010 73 (73) 0.897
>50 102 (48) 14 (28) 27 (27)
Tumor number <3 59 (28) 23 (46) 0.013 46 (46) 1.000
>3 153 (72) 27 (54) 54 (54)

Data are presented as n (%).

TACE, transarterial chemoembolization; TACE-MWA, combination therapy of transarterial chemoembolization
and microwave ablation; ALT, alanine aminotransferase; AFP, alpha-fetoprotein.
?Fisher’s exact test was performed for expected cell count <5.
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Figure 2. a, b. Comparisons of the progression-free survival (a) and overall survival (b) of TACE and

TACE-MWA groups.

and 2 (range, 1-3) in TACE-MWA group,
while the median number of MWA treat-
ment sessions was 1 (range, 1-5) in TACE-
MWA group.

The median time of tumor progression
was 6.16 months in TACE group and 10.14
months in TACE-MWA group. The tumor
control rates (including complete and par-
tial response and stable disease) at 6, 12,
18, 24 months were 55.5%, 37.3%, 21.3%,
15.8% for TACE group, while 74%, 47.8%,

35%, 31.8% for TACE-MWA group. Progres-
sion-free survival rate was significantly
higher in TACE-MWA group than in TACE
group (P = 0.044, Fig. 2a).

Multivariate analysis using Cox regression
showed that tumor size and intervention
were independent prognostic factors associ-
ated with tumor progression (Table 2).

The median survival of TACE and TACE-
MWA groups were 14.8 months and 18.5
months, respectively. Survival rates at 1, 3,
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Table 2. Multivariate analysis of progression risk factors using Cox regression model

95% Cl for HR

P HR Lower Upper
Gender 0.655 0.869 0.470 1.609
Age 0.347 1.213 0.811 1.815
ALT 0.504 1.147 0.767 1.716
AFP 0.073 0.676 0.440 1.037
Child-Pugh score 0.448 0.763 0.380 1.533
Tumor size 0.001 1.025 1.010 1.041
Tumor number 0.420 1.096 0.877 1.371
Intervention 0.049 1.518 1.002 2.299
Cl, confidence interval; HR, hazard ratio; ALT, alanine aminotransferase; AFP, alpha-fetoprotein.
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Figure 3. a—d. Subgroup analysis: progression-free survival of tumor size <3 cm (a), overall survival of tumor
size <3 cm (b), progression-free survival of tumor size >3 cm (c), overall survival of tumor size >3 cm (d).

5 years were 77.5%, 42.1%, 21% for TACE
group, while 93.1%, 79%, 67.7% for TACE-
MWA group, respectively. The overall sur-
vival of TACE-MWA group was significantly
higher than that of TACE group (P = 0.002,
Fig. 2b). Multivariate analysis using Cox

regression showed that AFP level, inter-
vention, and tumor size were independent
prognostic factors associated with overall
survival (Table 3).

When tumor size was <3 cm, no signifi-
cant statistical difference was found in pro-
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gression-free survival (P = 0.855, Fig. 3a) or
overall survival (P = 0.347, Fig. 3b) between
the groups; but when tumor size was >3 cm
and <7 cm, significant statistical difference
existed in both progression-free survival
(P =0.022, Fig. 3¢) and overall survival (P =
0.006, Fig. 3d).

Neither tumor number <3 (P =0.153) nor
>3 (P = 0.313) showed significant statistical
difference between the two groups.

We recorded adverse events according to
Society of Interventional Radiology Clinical
Practice Guidelines (12, 13). Minor compli-
cations included nausea, vomiting, fever,
mild abdominal pain, and elevated liver en-
zymes. They were all transient and resolved
within 1 week. Four patients suffered ma-
jor complications in TACE group, including
hypokalemia caused by severe vomiting,
severe hepatic dysfunction and gastroin-
testinal bleeding. One patient in TACE-MWA
group suffered pneumothorax due to the
accidental puncture of the right lung during
the MWA procedure. The major complica-
tions significantly prolonged hospitalization
and required intensive care. However, all of
them recovered in the end without any per-
manent adverse sequela. No statistically sig-
nificant difference was observed between
TACE and TACE-MWA groups in terms of
complications (Table 4).

Discussion

Our study specifically focused on the
comparison of clinical effectiveness be-
tween TACE-MWA combination therapy and
TACE monotherapy in BCLC stage B HCC pa-
tients. We found that TACE-MWA combina-
tion therapy significantly improved tumor
response, progression-free survival, and
overall survival compared with TACE mono-
therapy in BCLC stage B HCC with tumor
size <7 cm and tumor number <5.

According to EASL-EORTC Clinical Prac-
tice Guidelines, TACE monotherapy is the
standard treatment for BCLC stage B pa-
tients (3). However, apart from the less than
satisfactory clinical effectiveness of TACE
monotherapy, some evidence has shown
that TACE may not be the optimal choice for
BCLC stage B patients (5, 14). A comment
on Journal of Hepatology pointed out that
the EASL-EORTC guideline recommenda-
tion might be based on the comparison of
TACE to the best supportive therapy instead
of other available treatments due to lack of
robust evidence (15).

Insufficient evidence has been reported
for BCLC stage B HCC patients on treatment

Zhang et al.



Table 3. Multivariate analysis of overall survival risk factors using Cox regression risk model

95% Cl for HR

P HR Lower Upper
Gender 0411 0.661 0.247 1.772
Age 0.865 1.060 0.541 2.077
ALT 0.297 1.439 0.726 2.851
AFP <0.001 0.206 0.092 0.459
Child-Pugh score 0.052 0.390 0.151 1.006
Tumor size <0.001 1.052 1.025 1.079
Tumor number 0.186 1.293 0.884 1.890
Intervention 0.002 4.171 1.719 10.116
Cl, confidence interval; HR, hazard ratio; ALT, alanine aminotransferase; AFP, alpha-fetoprotein.
Table 4. Complications analysis of TACE and TACE-MWA groups
TACE group TACE-MWA group
n=100 n=50 P
Minor complications 83 (83) 43 (86) 0.637
Nausea, vomiting 38(38) 13 (26) 0.144
Abdominal pain 56 (56) 35(70) 0.098
Fever 53 (53) 22 (44) 0.299
Elevated liver enzyme 25 (25) 12 (24) 0.893
Major complications 4 (4) 1(2) 0.665*
Hypokalemia caused by severe vomiting 1(1) 0 1.000?
Severe hepatic dysfunction 2(2) 0 0.5532
Gastrointestinal bleeding 1(1) 0 1.000?
latrogenic pneumothorax 0 1(0.5) 0.3332

Data are presented as n (%).

TACE, transarterial chemoembolization; TACE-MWA, combination therapy of transarterial chemoembolization

and microwave ablation.

2Fisher’s exact test was performed for expected cell count <5.

selection, especially those who have larger
tumor size and higher number of tumors. A
consensus proposed combination therapy
instead of TACE monotherapy (6), which dif-
fers from the recommendation of the wide-
ly used EASL-EORTC guideline (3). Previous-
ly, two retrospective studies demonstrated
the superior treatment effectiveness of the
TACE-MWA combination therapy compared
with the TACE monotherapy for specific
HCC patients (7, 8). However, their studies
did not specify the BCLC stage and includ-
ed HCC patients at BCLC stages A, B, and C.
Our study focused mainly on BCLC stage B

patients with tumor size <7 cm and tumor
number <5. We also performed subgroup
analysis and showed that the statistical dif-
ference was mainly seen in the subgroup
with tumor size of 3-7 cm, while the <3 cm
subgroup shows no statistical difference.
Our study suggests that the application of
TACE-MWA combination therapy may ex-
tend to BCLC stage B patients with tumor
size <7 cm and tumor number <5.

In terms of radiofrequency ablation (RFA),
aretrospective study in 2014 found that TACE
and RFA combination therapy has better tu-
mor progression survival and overall surviv-

al than TACE monotherapy in BCLC stage B
HCC patients (16). Their study showed that
tumor control rate at 6 months was 74.5%
in TACE-RFA group while 54.5% in TACE
monotherapy group, similar to our results
(TACE-MWA: 74%; TACE: 55.5%). In contrast
to the palliative effect of TACE, both MWA
and RFA are potentially curative treatments.
Compared with RFA, greater and faster ener-
gy can be generated by MWA within a larger
ablation area. The improvement is mainly at-
tributed to the reduction of heat-sink effect
due to the vascular outflow of the liver (17).
Furthermore, a randomized-controlled study
in 2016 found that TACE-MWA combination
therapy was more effective than TACE-RFA
combination therapy in unresectable sin-
gle-lesion HCC patients (18).

As for patients’ baseline characteristics,
tumor size and number were significant-
ly different between TACE and TACE-MWA
groups before matching. By using propensi-
ty score matching, we managed to balance
the covariate differences of the two groups
and strengthen our causal argument.

For safety evaluation, the combination
therapy of TACE and MWA did not signifi-
cantly increase the risk of complications
compared with TACE monotherapy (Table
4). Although minor complications were
commonly seen in both TACE (83%) and
TACE-MWA (86%) groups, they were tran-
sient with prompt recovery. Moreover, ma-
jor complications were rare in both TACE
(4%) and TACE-MWA (2%) groups. In gener-
al, both TACE monotherapy and TACE-MWA
combination therapy are relatively safe
treatments for BCLC stage B HCC with ac-
ceptable complications.

This study has several advantages: First,
by applying propensity score matching, we
managed to reduce the selection bias that
is inherently present in retrospective stud-
ies. Second, we demonstrated that TACE-
MWA group had better progression-free
survival and overall survival than TACE
group. Therefore, TACE-MWA combination
therapy is recommended to BCLC stage B
patients with tumor size <7 cm and tumor
number <5, especially for patients with tu-
mor size >3 cm.

However, our study also has some limita-
tions. First, this is a retrospective study with-
out randomization, so we used propensity
score matching to reduce the selection bias.
Second, all treatments were performed in
our hospital, which may lead to inevitable
bias due to patients’ characteristics, doctors’
experience or equipment quality.
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In conclusion, TACE-MWA combination
therapy has better clinical effectiveness
than TACE monotherapy in BCLC stage B
patients with tumor size <7 cm and tumor
number <5, especially for patients with tu-
mor size >3 cm. However, further random-
ized controlled trials are needed for to con-
firm our findings.
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