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Abstract

Purpose To compare effectiveness of transarterial
chemoembolization (TACE) combined with microwave
ablation (MWA; TACE-MWA) with TACE alone for
treating hepatocellular carcinoma (HCC) tumors <5 cm.
Materials and Methods We reviewed data of 244 patients
treated for HCC by TACE-MWA or TACE from June
2014 to December 2015. Median follow-up period was
505 days (TACE-MWA group: 485 days; TACE group:
542 days). Patients were propensity score matched (1:2
ratio); outcomes of TACE-MWA and TACE groups were
compared. Primary endpoints were tumor responses,
including tumor necrosis rates after initial treatment, tumor
responses at 6 months [per modified Response Evaluation
Criteria in Solid Tumors (mRECIST)], and time to tumor
progression (TTP). Secondary endpoints were overall sur-
vival (OS) and re-intervention times.

Results After initial treatments, tumor necrosis rates were
higher in the TACE-MWA group (n = 48; 92.1% [58/63])
than the TACE group (n =96; 46.3% [56/121];
P < 0.001). At 6 months’ follow-up, the TACE-MWA
group had better tumor responses (CR + PR + SD [per
mRECIST]: TACE-MWA, 958%; TACE, 64.5%;
P < 0.001). The TACE-MWA group had better TTP
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(P <0.001), but did not significantly differ in OS
(P =0.317). TACE-MWA decreased re-TACE times
from 1.90 to 0.52; and re-MWA times from 0.22 to 0.17. In
subgroup analysis, TACE-MWA also showed better TTP
in patients with tumors <3 cm (P < 0.001) and 3-5 cm
(P = 0.004).

Conclusions Compared with TACE, TACE-MWA leads
to better responses for HCC tumors <5 cm.

Keywords Hepatocellular carcinoma - Transarterial
chemoembolization - Microwave ablation -
Propensity analysis - <5 cm

Introduction

Hepatocellular carcinoma (HCC) is the third leading cause
of cancer death worldwide [1]. Although surgical resection
is broadly recognized as a curative treatment for HCC,
most patients were not surgical candidates because of age,
poor hepatic functional reserve, high surgical risk, or their
own refusal [2-5].

Transarterial chemoembolization (TACE) is one of the
most widely used primary treatments for patients who are
not considered eligible for surgery, and is evolving into the
standard therapy for such patients [6, 7]. However, many
factors, such as feeding arteries and tumor size, can influ-
ence the efficacy of TACE. The tumor’s arterial vascula-
ture critically affects TACE efficacy: adequate
embolization is relatively easy for tumors with only one
feeding artery, but more difficult for tumors with complex
blood supplies. As larger arteries usually have more com-
plex feeding arteries, TACE efficacy tends to decrease with
tumor size. For large tumors, complete tumor necrosis is
difficult to achieve by TACE alone; reportedly 36-100% of
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such tumors survive after TACE [8-12]. When tumor
necrosis is incomplete, the remaining viable tumors can
cause local recurrence and distant metastasis.

Microwave ablation (MWA), a repeatable, minimally
invasive intervention, destroys focal tumors by direct
energy application [5, 13]. When the coagulated zones
created by the microwaves completely cover the tumors
and a 5-mm safe margin, MWA is a curative, rather than
palliative, technique. Combination therapy with MWA
after TACE (TACE-MWA) might substantially benefit
patients with HCC.

Propensity score matching is a matched control statis-
tical technique based on cases’ propensity scores, which
can strengthen causal arguments in observational studies
by reducing potential bias owing to nonrandomized study
design when large-scale randomized controlled trials are
unavailable.

To our knowledge, this study is the first to compare
TACE alone with TACE-MWA for tumors <5 cm. We
retrospectively compared tumor response, overall survival
(OS), and re-intervention times after treatment with
TACE-MWA or TACE alone, using propensity score
matching method. We also evaluated subgroups by tumor
size.

Materials and Methods
Study Design

This retrospective cohort study used data from patients
with HCC who were treated in our medical center from
June 2014 to December 2015. After they underwent TACE
(1-3 sessions), we further evaluated 244 patients with HCC
who were candidates for subsequent MWA. Patients who
received MWA were the TACE-MWA group, and the
others were the TACE group. Patients were informed of
advantages and disadvantages of the two treatment options,
including outcomes, treatment-related morbidities, and
costs; treatment decisions were made jointly by patients
and their physicians, with full respect for patients’ wishes
[14]. We conducted propensity score matching according
to Hansen’s theory [15] to match TACE-MWA patients
with TACE patients at a 1:2 ratio, and compared their
outcomes. Each patient’s follow-up was ended upon his or
her death or on November 1, 2016. This study was
approved by our institutional review board.

Patient Selection Criteria
We included patients with HCC who (a) had refused or

were not suitable for surgical treatment; (b) had <3 nod-
ules, <5 cm each; (c) had Child—Pugh (CP) class A or B

disease; and (d) were treated with TACE-MWA or TACE
monotherapy. We excluded patients who (a) had vascular
invasion or distant metastases; (b) had secondary malig-
nancies; (c) had histories of other treatments; or (d) were
lost to follow-up.

TACE

A SF sheath was introduced into each patient’s femoral
artery using the Seldinger technique and a SF catheter
(Terumo, Tokyo, Japan) used for selected hepatic or
superior mesenteric artery angiography, to evaluate tumor
location, number, size, and blood supply. A micro-catheter
(Terumo, Tokyo, Japan) was then super-selectively inser-
ted into the hepatic lobe or hepatic segmental artery
branch, guided by fluoroscopy. After the target artery was
catheterized, a 1:1 mixed suspension of iodized oil
(1-10 mL; Lipiodol Ultra-Fluide; André Guerbet Labora-
tories, Aulnay-Sous-Bois, France) and epirubicin
(2040 mg; Pharmorubicin; Pfizer, Wuxi, China) was
infused into the artery through the catheter, depending on
liver function and tumor size. Finally, gelatin sponge par-
ticles (Hanzhou Alc, Hangzhou, China) were infused to
embolize the artery until no tumor staining was found after
repeat angiography.

TACE-MWA

Patients underwent MW A within 2 weeks after their TACE
procedures (as described above). MWA was performed
with a microwave ablation system (ECO Corporation,
Nanjing, China) at 2450 £ 50 MHz with continuous
adjustable power output of 0—150 W, under general anes-
thesia, using an internally cooled antenna with a home-
made grid affixed to the abdominal skin. Plain computed
tomography (CT) images were obtained on expiration;
reconstructed CT images were generated individually to
show tumor shape, tumor location, and optimal puncture
trajectory. The equipment was set at the power output and
duration recommended by the manufacturer for the tumor’s
size. After completing the ablation, a CT scan was per-
formed to verify the coagulation zone and assess possible
complications, such as pneumothorax, bleeding, etc. All
procedures were performed by the same radiologist, who
had 23 years of interventional experience.

Follow-Up

Enhanced liver CT or magnetic resonance imaging (MRI)
was performed 1 month after the procedure to verify lipi-
odol retention inside the tumor and detect viable tumor
tissue. If appropriate, TACE or MWA procedures were
performed if viable tumors were confirmed, using MWA
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for nodule-like tumors and TACE for tumors with irregular
shapes and/or multiple foci. Follow-up intervals extended
to 3—6 months thereafter, if no viable tumor was detected.

At 6 months after treatment [12, 13], we evaluated
tumor response using the modified Response Evaluation
Criteria in Solid Tumors (mRECIST) [16]. Based on
mRECIST, we assessed time to tumor progression (TTP),
defined as the interval from enrollment to tumor progres-
sion, death or last follow-up. Overall survival (OS) was
calculated from enrollment to death from any cause, to the
last follow-up in censored patients, or to November 2016.
We recorded complications from major to minor, according
to the Society of Interventional Radiology (SIR) grading
system [13].

Statistical Analysis

To minimize effects of potential confounders on selection
bias, we conducted propensity scores using binary logistic
regression to estimate the probability for which group a
patient would be assigned. Independent variables used in
the propensity model were determined by previous study
[10, 17], including sex, age, tumor number, tumor size,
number of previous TACE, Hepatitis B virus (HBV), alpha
fetoprotein (AFP), alanine aminotransferase (ALT),
aspartate transaminase (AST), and CP class. We used
nearest-neighbor matching with no replacement method to
accomplish one-to-two matching between the groups,
ensuring comparability between patients in the TACE
cohort to the TACE-MWA cohort (Stata psmatch2; Sta-
taCorp LP, College Station, TX, USA). Fisher’s exact or
Chi-square tests for categorical variables and Student’s
t test for continuous variables were calculated to compare
baseline characteristics. The Kaplan—Meier method and
log-rank test were used to evaluate TTP and OS differences
between groups. Multivariable Cox proportional hazards
models were used to determine effect of TACE-MWA on
TTP; hazard ratios (HRs) with 95% confidence intervals
(CIs) were then calculated. All tests were two-sided;
P < 0.05 was considered significant. All analyses were
conducted using SPSS software package version 18.0
(SPSS, Chicago, IL, USA) and STATA 12.0 (StataCorp
LP).

Result

Patient Characteristics

From June 2014 to December 2015, a total of 116 patients
with HCC underwent TACE-MWA and 976 underwent

TACE in our medical center. We excluded 68 of these
TACE-MWA patients and 780 TACE patients, using the
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criteria shown in Fig. 1. After propensity score matching at
a 1:2 ratio, the TACE-MWA group had 48 patients and the
TACE group had 96 patients. They did not significantly
differ in sex (P = 0.812), age (P = 0.632), tumor number
(P = 0.876), tumor size (P = 0.512), number of previous
TACEs (P = 0.857), HBV infection (P = 0.282), AFP
(P = 0.343), ALT (P = 0.905) or AST (P = 0.834), or CP
class (P = 0.316; Table 1).

The median follow-up period was 505 days (TACE-
MWA: 485 days; TACE: 542 days). In the first few months
of the study, 3 patients in the TACE group died because of
tumor progression, on days 119, 126, and 156, respectively.

Therapeutic Process and Treatment Effect

In the TACE-MWA group, after the initial combined
therapies, the re-TACE rate was 0.52 £ 0.825 (0 re-TACE:
n=232;1:n=28;2: n="7; 3: n=1); and the re-MWA
rate was 0.17 & 0.429 (0 reMWA: n =41; 1: n = 6; 2:
n=1).

In the TACE group, after their TACE procedures, the re-
TACE rate was 1.90 &+ 1.774 (0 re-TACE: n = 25; 1:
n=252:n=13; 3 n=12; 4: n=16; 5: n=2; 6:
n=2; 99 n=1); and a post-TACE-MWA rate of
0.22 & 0.547 (0 MWA: n=80; 1: n=12; 2: n=3; 3:
n=1).

The first follow-up CT or MRI scans showed that 58
tumor nodules (58/63; 92.1%) were completely necrotic in
the TACE-MWA group compared with 56 in the TACE-
only group (56/112; 46.3%; P < 0.001).

Tumor Response at 6 Months

We compared tumor control between the two groups at
6 months after treatment, using mRECIST criteria [com-
plete response (CR), partial response (PR), stable disease
(SD) or progressive disease (PD)]. Responses in the
TACE-MWA group were CR: 91.7% (44/48); PR: 2.1%
(1/48); SD: 2.1% (1/48) and PD: 4.2% (2/48). Responses in
the TACE group were CR: 32.3% (30/93); PR: 24.7% (23/
93); SD: 7.5% (7/93); and PD: 35.5% (33/93). Total tumor
control rates (CR 4 PR 4 SD) were TACE-MWA:
95.8%; TACE: 64.5% (P < 0.001).

Tumor Progression and Associated Risk Factors

In the TACE-MWA group, 89.6% (43/48) of the TACE-
MWA group did not suffer tumor progression; the median
time for tumor progression was therefore not available for
the TACE-MWA group. However, it was 398 days in the
TACE-only group. Cumulative tumor progression rates
were significantly higher in the TACE-only group
(0.5 year: 36.5%; 1 year: 47.7%; 1.5 year: 55.7%; 2 year:
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HCC patients treated by
TACE-MWA
(n=116)

ﬁ Excluded (n=68) \

* >50mm and (or) > 3 nodules (n=29)

¢ Other treatments (neither TACE nor P
MWA) (n=37)

¢ Lost follow-up (n=2)

J

TACE-MWA group

HCC patients treated by
TACE
(n=976)

ﬁ Excluded (n=780)
* >50mm and (or) > 3 nodules (n=270)
* Infiltrative (n=202)
| ¢ Secondary malignancies (n=81)
* Portal vein tumor thrombosis (n=69)
* Other treatments (except TACE) (n=116)
* Child-Pugh C (n=28)
k Lost follow-up (n=14) )

TACE group

(n=48)

(n=196)

Patients were matched at 1:2 ratio by propensity score matching method

TACE-MWA group

TACE group

(n=48)

Fig. 1 Patient selection

57.3%) than in the TACE-MWA group (0.5 year: 4.2%;
1 year: 10.4%; 1.5 year: 10.4%; 2 year: 10.4%; P < 0.001;
Fig. 2A).

Multivariate analysis with Cox proportional hazard
model revealed that group (HR = 0.144, 95% CI
0.057-0.365, P < 0.001), AFP level (HR = 2.049, 95% CI
0.836-1.335, P = 0.020), and tumor size (HR = 1.069,
95% CI 1.038-1.102, P < 0.001) were associated with
tumor progression (Table 2).

Overall Survival

Cumulative survival rates were higher in the TACE-MWA
group (0.5 year: 100.0%; 1 year: 91.7%; 1.5 year: 88.5%;
2 year: 88.5%) than in the TACE-only group (0.5 year:
96.9%; 1 year: 87.2%; 1.5 year: 81.1%; 2 year: 77.0%) but
not significantly so (P = 0.317; Fig. 2B). Their median
survival times are not currently available.

Subgroup Analysis by Tumor Size

In the subgroup with tumors sized <3 cm, cumulative TTP
rates were significantly higher for the TACE group
(0.5 year: 32.0%; 1 year: 38.0%; 1.5 year: 50.2%; 2 year:
52.2%) than for the TACE-MWA group (0.5 year: 0%;
1 year: 3.9%; 1.5 year: 3.9%; 2 year: 3.9%; P < 0.001;
Fig. 3A). However, cumulative OS rates did not

(n=96)

significantly differ between the two groups (TACE—
0.5 year: 100.0%; 1 year: 100.0%; 1.5 year: 96.2%; 2 year:
96.2%; TACE-MWA—O0.5 year: 100.0%; 1 year: 100.0%;
1.5 year: 100.0%; 2 year: 95.0%; P = 0.728; Fig. 3B).

Similarly, in the subgroup with tumors sized 3-5 cm,
cumulative TTP rates were significantly higher for the
TACE group (0.5 year: 43.5%; 1 year: 60.2%; 1.5 year:
60.2%) than the TACE-MWA group (0.5 year: 9.1%;
1 year: 18.2; P = 0.004; Fig. 3C); whereas cumulative OS
rates did not significantly differ (TACE—O0.5 year: 93.5%;
1 year: 72.1%; 1.5 year: 54.5%; TACE-MWA —0.5 year:
100.0%; 1 year: 81.8%; (P = 0.553; Fig. 3D).

Multivariate analysis with Cox proportional hazard
model revealed that (a) for the <3-cm subgroup, not
undergoing MWA (HR = 0.025, 95% CI 0.002-0.332,
P = 0.005) and HBV infection (HR = 0.296, 95% CI
0.093-0.940, P = 0.039) were associated with worse TTP;
and (b) for the 3-5-cm tumor subgroup, not undergoing
MWA (P = 0.005), tumor number (P = 0.004), tumor size
(P < 0.001), HBV infection (P = 0.011), and number of
previous TACE procedures(P < 0.05) were independently
associated with tumor progression (Table 3).

Safety Evaluation

Several adverse events were noted and graded by the SIR
grading system. Post-treatment minor complications
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Table 1 Baseline characteristics of patients before and after propensity score matching

Variables Combined group TACE group (pre-match, P value TACE group (matched, P value
(n = 48) n = 196) n = 96)
Gender, n
Male 28 152 P =0.007 54 P =0.812
Female 20 44 42
Age
All patients 58.8 £9.6 60.3 £ 12.0 P =0437 59.7 £ 105 P =0.632
>60 years 24 96 P =0.899 49 P =0.906
<60 years 24 100 47
Number
1 37 140 P=0.732 77 P =0.876
2 7 35 13
3 4 21 6
Size 274 £ 109 304 £ 12.0 P=0.112 288 £ 125 P =0512
Number of previous
TACE
1 37 128 P=0.032 71 P =0.857
2 9 29 19
3 39 6
HBV
Yes 31 129 P=0.872 53 P =0.282
No 17 67 43
AFP, n
>20 ng/mL 24 105 P =0.657 40 P =0.343
<20 ng/mL 24 91 56
ALT 399 + 61.3 38.0 + 40.3 P=0.787 38.8 £353 P = 0.905
AST 41.5 £43.1 434 £ 623 P =0.840 40.3 £+ 24.0 P =0.834
Child-Pugh
A 39 161 P=0.785 84 P =0.316
B 9 34 12
C 0 1 0

—— TACE+MWA
—— TACE

Fig. 2 Comparison of the A 2 B
cumulative tumor progression 2 801 = 100
rates (A) and overall survival g ﬁ
rates (B) between the TACE © 'g 80 -
L2 60
group and the TACE-MWA o p<0.001 s
group o T; 60
o g -
o 40 g
i —— TACE+MWA 3
2 201 —— TACE [
- > 20
s s
E - s
£ 0 T T T T 1 =) 0
=] 0 200 400 600 800 1000 £ 0
o . 3
Time (days) (&}

(fever, nausea, vomiting, and abdominal pain) occurred
in 77.1% (37/48) of the TACE-MWA group and in
81.3% (78/96) of the TACE group. All these effects were
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transient and relieved before discharge. No major com-
plication related to treatment was observed for either
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Table 2 Cox regression model

Variables TTP: multivariate analysis
HR P value

Group 0.144 (0.496, 1.557) 0.000
Gender 0.879 (0.991, 1.049) 0.659
Age 1.020 (0.824, 2.288) 0.179
Number 1.373 (1.038, 1.102) 0.224
Size 1.069 (0.519, 2.311) 0.000
Number of previous TACE 1.053 (0.982, 1.017) 0.198
HBV 1.095 (1.122, 3.742) 0.812
AFP 2.049 (0.836, 1.335) 0.020
ALT 0.999 (0.974, 1.032) 0914
AST 1.003 (0.233, 1.022) 0.857
Cp 0.488 (0.057, 0.365) 0.057

Analysis of tumor progression and associated risk factors

Discussion

To our knowledge, this study is the first to compare TACE—
MWA and TACE as primary treatments for patients with
HCC tumors of <5 cm in diameter. Compared with TACE
alone, TACE-MWA shows a better tumor response, and
may reduce re-interventions.

TACE treatment is a valid option for patients with HCC
who are not eligible for curative treatment. According to
the Barcelona guideline, TACE should only be used in
patients with middle-stage disease, but in clinical practice,

TACE also benefits those with early- or advanced-stage
HCC, which is called “stage migration strategy” [18, 19].
However, achieving complete response for medium, large,
or multiple tumors by TACE is difficult. As microwave
techniques have developed in recent years, the area coag-
ulated by MWA has enlarged [9, 20]. Hypothetically,
performing MWA after TACE could destroy the tumor
completely, leading to better tumor control and survival
time.

Patients usually undergo MWA 1-2 weeks after TACE,
because patients need time to recover from post-em-
bolization syndrome caused by TACE, and for the lipiodol
to clear from the normal liver parenchyma, so as to show
the tumor clearly. The TACE-MWA group had notably
better results than the TACE-only group, which was
expected because MWA has a curative capability. Similar
to the results of Yin et al. [12], our study showed 92.1%
tumors in TACE-MWA group were completely ablated,
compared with 46.3% in the TACE-only group
(P < 0.001), and re-TACE time effectively decreased from
190 to 0.52. The response rate in our study
(CR + PR + SD) was also significantly higher in the
TACE-MWA group than that in the TACE group (95.8 vs.
65.2%; P < 0.001). In accordance with Yin’s findings, we
also showed that combined TACE-MWA treatment was an
independent factor against tumor progression. However,
although TACE was associated with shorter TTP, the two
groups did not significantly differ in OS (P = 0.317, log-
rank test). However, this apparent absence of OS benefit

Fig. 3 Comparison of the A B
cumulative tumor progression 2 HCC <=3cm 2 HCC <= 3crr_1.
rates and overall survival rates 3 601 3 100 '-‘“““-‘—‘-“‘—"tl-—‘u‘.
of different subgroups © S
e 80
S o] [p=0.001 S
o T 601 p=0.728
= 2
2 4
2 04 —— TACE+MWA 3 —— TACE+MWA
g —— TACE @ 204 —— TACE
E S
o 0 260 4(I)0 G(I)O 860 1 OIOO g 0 2(I)0 460 660 860 1 OIOO
Time (days) o Time (days)
C D
HCC 3to5cm > HCC 3to5cm
2 80 =
= Qo
z 2
©
i - o
g 601 |p=0.004 S
o —
o 40- 2
o —— TACE % 404 —— TACE+MWA
2 201 —— TACE+MWA o 20 — TACE
o I ¥ 2
E 0 E 0
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Table 3 Subgroup analysis of

Variables TTP: multivariate analysis (<3 cm) TTP: multivariate analysis (35 cm)

tumor progression and

associated risk factors by size HR P value HR P value
Group 0.025 (0.002, 0.332) 0.005 0.164 (0.046, 0.585) 0.005
Gender 0.684 (0.235, 1.997) 0.488 0.752 (0.284, 1.989) 0.566
Age 1.032 (0.970, 1.098) 0.319 1.009 (0.952, 1.071) 0.755
Number 0.905 (0.442, 1.856) 0.786 3.894 (1.535, 9.879) 0.004
Size 1.050 (0.959, 1.150) 0.288 1.211 (1.093, 1.342) 0.000
Number of previous TACE 0.988 (0.867, 1.125) 0.851 1.195 (1.000, 1.427) <0.050
HBV 0.296 (0.093, 0.940) 0.039 6.948 (1.564, 30.867) 0.011
AFP 1.878 (0.572, 6.162) 0.299 1.252 (0.413, 3.794) 0.691
ALT 1.003 (0.966, 1.041) 0.870 0.986 (0.943, 1.030) 0.514
AST 0.969 (0.902, 1.041) 0.392 1.018 (0.959, 1.082) 0.559
CP 0.625 (0.236, 1.651) 0.343 0.784 (0.162, 3.792) 0.762

might only reflect our rather short follow-up period; our
survival curve did show a nonsignificant trend of better OS
in the TACE-MWA group. Furthermore, better tumor
control usually predicts better survival expectation [9, 12].
Therefore, delaying the tumor progression through TACE-
MWA treatment might lead to better tumor control and
patient survival. We did not perform multivariate analysis
for OS, because 81.3% (117/144) patients were still alive
when the study was terminated.

The main advantage of MWA over radiofrequency
ablation (RFA) is producing larger coagulation volume in a
shorter time [5]. Tumor size is associated with tumor
control, and larger lesions tended to be ablated by MWA
rather than RFA; therefore, the similar rates for local tumor
control between MWA and RFA reported in an earlier
study [21] might reflect treatment selection bias. Abdelaziz
[22] also showed RFA was inferior to MWA for tumor
control. In the present study, tumor necrosis rates were
almost twice as high in the TACE-MWA group (92.1%) as
in the TACE-only group (46.3%).

As tumor size is an important factor in tumor control
and patient survival time [17, 23], we also divided the
cohort into two subgroups by tumor size (<3 vs. 3-5 cm).
Song et al. [17], who combined RFA and TACE, demon-
strated survival benefit only in their <3-cm tumor sub-
group; clinical results of TACE + RFA and TACE
monotherapy were similar in for the 3-5-cm tumor sub-
group on their research. However, in our study, combined
TACE-MWA led to better TTP results for both subgroups,
possibly because coagulated zones created by MWA are
larger than with RFA. We did not analyze the subgroups’
OS differences because most patients were alive when the
study was ended.

This study has a number of strengths. First, it was a
well-balanced comparative study that compared the
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survival benefits of TACE-MWA with those of TACE for
treating HCC tumors no larger than 5 cm. Second, it made
clear that TACE-MWA induced excellent response rates in
the subgroups whose tumors were <3, and 3-5 cm,
although OS did not significantly differ between these two
tumor size subgroups for the limited follow-up period. Our
study showed that MWA should be strongly considered in
otherwise qualified patients after TACE, and implies that
MWA is an option for patients whose tumors were origi-
nally larger than 5 cm but shrank effectively after TACE.

Our study has several limitations. First, as the median
follow-up period was 505 days, survival data were limited,
although the benefits of combined TACE-MWA were
confirmed in tumor control. Second, as with most retro-
spective studies, this research was not randomized in
design. For this reason, we used propensity scoring to
adjust this potential confounder. Third, all procedures were
performed in a single institution, and bias from both the
physicians’ experiences and the patient population are
possible. Fourth, as no previous study has compared the
efficacy of TACE-MWA with TACE in <5-cm HCC
tumors, we cannot compare our results with other pub-
lished studies.

Although our findings should be confirmed in prospec-
tive randomized controlled trials, our analyses suggest that
TACE-MWA offers better tumor control and TTP com-
pared with TACE. Additional MWA should be considered
after TACE for tumors <5 cm.
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