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Introduction

Abstract

Objective: To evaluate the efficacy of the sequential treatment
of hepatic Transarterial Chemoembolization (TACE) in combination
with dermal Microwave Ablation (MWA) for patients with early-
and intermediate-stage Hepatocellular Carcinoma (HCC).

Methods: We retrospectively extracted data of 108 patients
with HCC who received TACE alone or TACE combined with MWA
(TACE-MMW) from January 2017 to December 2018, and evaluated
the short-term and long-term clinical outcomes. Subgroup analysis
was also conducted based on tumor size and lesions. Propensity
Score Matching (PSM) was used to reduce bias from concomitant
confounding variables. The comparison of clinical efficacy between
the TACE (n=26) and TACE-MMW (n=26) groups was conducted af-
ter PSM.

Results: The median survival for TACE (n=26) and TACE-
MWA(n=26) group were 13 and 28 months, respectively. The
survival rates of 1-, 2- and 3- years were 84.6%, 59.0%, 35.2% in
TACE-MWA group and 57.7%, 30.3%, and 19.5% in TACE group. The
short-term efficacy of the TACE-MWA is higher (61.5%) than the
TACE group (30.8%) (P=0.026). Besides, the Disease Control Rate
(DCR) in TACE-MWA and TACE group was 80.8% and 46.2%, respec-
tively (P=0.01). Subgroup analysis suggested that TACE-MWA treat-
ment is superior to TACE treatment alone in patients with tumor
size larger than 5cm (P=0.038) and 2-4 metastatic lesions (P=0.034).

Conclusions: TACE sequential MWA treatment can effectively
improve the survival rate of early- and intermediate- liver cancer
and prolong the survival time.

Keywords: Hepatocellular carcinoma; Transarterial chemoem-
bolization; Combined treatment; Survival; Efficacy

Hepatocellular Carcinoma (HCC) is still one of the malignant
tumors leading to high morbidity and mortality [1]. Several
minimally-invasive transarterial and thermal ablative proce-
dures have emerged as safe and alternative therapies for the
treatment of HCC, which have been recommended by several
guidelines for the clinical practice. The clinical outcomes of Mi-
crowave Ablation (MWA) are approximate to surgery and liver
transplantation in HCC treatment [2-4]. Moreover, the MWA is
more economical and reduced treatment times, is emerging
the preferred treatment modality. TACE selectively delivering
chemotherapeutic drugs into tumor-feeding arteries, leading to
ischemic necrosis of the target tumor via cytotoxic and ischemic

effects. TACE significantly prolong the patient’s survival and is
the current standard of therapy for HCC patients. Despite pre-
vious studies have verified TACE as an effective treatment for
HCC, the clinical efficacy of TACE in combination with MWA are
still less studied. This study included patients with BCLC Stage
A and B using the PSM method, and then compared the clinical
efficacy of TACE and TACE-MWA in HCC treatment.

Materials and Methods
Clinical Information

This retrospective study included 108 patients with stage
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Figure 1: Flowchart of patient selection.
Table 1: Basic information of patients after PSM matching.
N TACE-+MWA TACE TACE after PSM
Variables P-Value P-Value
(n=26) (n=82) (n=26)
Gender/n 1.000 1.000
Male 22 69 22
Female 4 13 4
Age/years 56.5+£10.0 | 60.5+10.0 0.080 58.9+10.0 0.385
Tu-
. 0.002 0.165
mor size/n
<<5cm 16 23 11
>5cm 10 59 15
Lesions/n 0.625 1.000
Single 16 46 16
Multiple 10 36 10
AFP/n 0.448 0.158
<<400
/ng/ 18 50 13
ml
2400,
/ne/ 8 32 13
ml
Child- 0.739
Pugh/n '
A 22 72 21 1.000
B 4 10 5
Albumin
38.64.6 38.845.0 | 0.861 38.245.2 0.789
/g/L
PT/s 13.6+4.6 13.0£1.6 | 0.527 13.0£1.3 0.528
ALT/U/L 41.74¢33.6 | 49.9+41.1 0.357 34.5£20.0 0.352
AST/U/L 45.2+25.1 | 63.6£50.2 | 0.015 49.3+32.9 0.617
TBIL/
umol/L 17.6+9.3 17.8+11.1| 0.941
CRE/ 62.7+2.8 64.5+3.4 | 0.008
19.5+11.7 0.521
umol/L 1.1+0.1 1.1+0.1 0.900
INR 7.3%1.2 7.4+1.4 0.662
MELD-Na

AFP: Alpha-Fetoprotein; PT: Prothrombin Time; ALT: Alanine Aminotransferase;
AST: Aspartate Aminotransferase; TBIL: Total Bilirubin; TACE: Transarterial Che-
moembolization; MWA: Microwave Ablation; PSM: Propensity Score Matching;
CRE: Creatinine; INR: Prothrombin Time-International Normalized Ratio.

A and B HCC who admitted to our hospital from January 2017
to December 2018. The follow-up was finished in May 2020.
The following inclusion criteria: (1) Diagnosed as HCC accord-
ing to the hepatocellular carcinoma diagnosis and treatment
guidelines; (2) The patients refuse surgical treatment or are not

suitable for surgical treatment; (3) Child-Pugh grade A or B; (4)
Patients receiving TACE or TACE sequential MWA treatment; (5)
The number of tumor lesions <4. Exclusion criteria included:
(1) Performance Status (PS) score> 2 points; (2) vascular inva-
sion; (3) extrahepatic metastasis; (4) Child-Pugh classification
C grade. To minimize the potential bias, we performed a PSM
design with 1:1 matching. A total of 52 patients containing TACE
group (n=26) and TACE+MWA group (n=26) were included for
analysis after PSM (Figure 1). The biodemographic data of the
two groups of patients are listed in Table 1. This prospective
study was approved by the ethics committee of the First Affili-
ated Hospital of Bengbu Medical College. Written informed con-
sent were signed for all participants.

Preparation

Patients underwent routine abdomen CT/MRI scan. The size
and number of tumor lesions were measured before assessing
the presence of vascular invasion as well as extrahepatic me-
tastasis. Besides, blood biochemical, coagulation, Alpha-Feto-
protein (AFP), liver function, and immunological indexes were
examined. Chest radiographs and electrocardiograms were per-
formed to assess the patient’s cardiopulmonary function. Head
MRI or bone ECT were checked to exclude extrahepatic metas-
tasis depending on the patient’s symptoms.

TACE

The Seldinger puncture was used to introduce a 5F catheter
sheath at the strongest pulsation point in the right femoral ar-
tery area. Tumor blood supply was assessed under hepatic angi-
ography using microcatheter before injecting 4 mg Raltitrexed.
Liquefied iodized oil combined with 30 mg Epirubicin emulsion
was injected to embolize tumor blood vessels. To strengthen
the embolization, gelatin sponge particles were added. Those
patients who suffered from poor blood supply or iodized oil de-
position were embolized supplemented with a small number of
polyvinyl alcohol particles.

MWA

The 32-row spiral CT (Toshiba, Japan) and MRI (Achieva,
Philips Healthcare, Netherlands) examination of the upper ab-
domen was conducted at two weeks after TACE. The puncture
path, length, and number of microwave ablation needle (Kangy-
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Figure 2: Cumulative Overall Survival (OS) rate curves for patients

who underwent trans arterial chemoembolization (TACE) or TACE

combined with microwave ablation (TACE-MWA) after propensity

score matching (n=26 for each group).
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ou KY-2450B-1, Nanjing, China) were determined according to
the CT image combined with the MRI/CT data. During NWA
treatment, microwave ablation instrument with microwave fre-
quency 2450MHz (Kangyou KY2000, Nanjing, China) was used.
After disinfecting, we gradually adjusted the direction and
depth of the ablation needle under the guidance of CT. After
the ablation needle injection, we turned on the water circula-
tion and set the treatment power, time, and point according to
tumor size. Ablation range was evaluated through CT examina-
tion. In general, the ablation range is 1cm larger than the tumor
lesion. After the ablation, the puncture tract was burned.

Patients Follow-up

The patient’s radiographic data and laboratory examinations
were collected 1 month after surgery to assess tumor status
and active tumor lesions. Patients with stable conditions were
followed up each 1-2 months. Follow-up data including labora-
tory and imaging examinations were recorded to evaluate the
short-term efficacy. The mean follow-up was 21 months (range
4-65month) in the TACE group compared with 29 months
(range 9-46month) in the TACE-MWA group. No patients were
lost follow-up.

Outcome

According to the modified solid tumor evaluation criteria
(mRECIST), Complete Response (CR), Partial Response (PR),
Stable Disease (SD), disease Progression (PD), Objective effec-
tive Rate (ORR) = CR + PR, Disease Control Rate (DCR) = CR +
PR + SD were recorded. Survival time was calculated from the
date of TACE surgery in the TACE group and MWA surgery in the
TACE+MWA group until death or the end of follow-up in May
2020. Survival time was calculated from the date of TACE sur-
gery in the TACE group and MWA surgery in the TACE+MWA
group until death or the end of follow-up in May 2020.

Statistical Analysis

Continuous data were presented by mean + Standard Devia-
tion (SD) or rate. t-test or Chi-square test was used to compare
the difference between the two groups. Survival was analyzed
using the Kaplan-Meier method, and log-rank tests were used
to compare survival distributions. PSM was conducted to adjust
for baseline differences (e. g. age, sex, tumor size, number of
lesions, albumin, and total bilirubin). Statistically significant was
defined as P<0.05. SPSS software version 19.0 was used for sta-
tistical analysis.

Results
Short-Term Efficacy

Short-term clinical effect of TACE group after PSM at 1 month
after procedure was with CR: 3.8% (1/26), PR: 26.9% (7/26),
SD: 15.4% (4/26), ORR: 30.8% (8/26), DCR: 46.2% (12/26). For
TACE+MWA group, the CR: 26.9% (7/26), PR: 34.6% (9/26), SD:
19.2% (5/26), ORR: 61.5% (16/26), and DCR: 80.8% (21/26). The
differences of ORR (P=0.026) and DCR (P=0.010) between two
groups were statistically significant.

Survival Analysis

The median survival of TACE and TACE+MWA group calcu-
lated by Kaplan-Meier method was 13 months and 28 months,
respectively. The 1-, 2-, and 3-year survival rates were 57.7%,
30.3%, 19.5% for TACE group, and 84.6%, 59.0%, 35.2% for
ACE+MWA group. The survival curves of the two groups are

shown in Figure 2, and the difference between two groups is
statistically significant (P=0.008).

To further study whether tumor size and number of lesions
have effect on prognosis with different treatment methods, we
performed subgroup analysis. The results are shown as follows:
(1) The survival time of the TACE+MWA group was significantly
higher than that of the TACE group when the tumor size< 5 cm
(P=0.038). However, the survival time between the two groups
was not statistically significant when the tumor size> 5 cm (Fig-
ure 3). (2) When the number of lesions is single, the survival
time of the two groups of patients is not significantly different
(P=0.114), while the survival time of the TACE+MWA group is
significantly longer than that of TACE alone when multiple tu-
mor lesions exist (P=0.034) (Figure 4).

Complications

No deaths and serious complications (e. g. liver failure, ab-
dominal bleeding, hepatic encephalopathy) were observed dur-
ing follow-up. Patients in both groups had vomiting, pain, fever,
and other complications that lasted for 2-3 days. After symp-
tomatic treatment. complications were disappeared. However,
there was a transient increase in transaminase and bilirubin at
1 week after surgery. No significant difference was observed
between two groups for the transaminase and bilirubin at 1
month after surgery (Table 2).

Overall survival
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Figure 3: Survival curves for patients with different tumor sizes be-
tween TACE group (n=26) and TACE+MWA group after PSM (n=26).
a) tumor size25cm; b) tumor size<5cm.
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Figure 4: Survival curves of patients with different numbers of
lesions between TACE group (n=26) and TACE+MWA group after
PSM (n=26). a) single tumor. b) multiple tumors.

Table 2: Liver function at 1 month after procedure?.

Parameters TACE (n=26) A TACE+MWA (n=26) t P
ALT (U/L) 41.1+44.3 44.7+44.0 -0.292 | 0.771
AST (U/L) 55.8467.2 48.3+43.9 -0.592  0.554

TBI (umol/L) 18.4+11.6 20.9+17.5 0.472 | 0.639

ALT: Alanine Aminotransferase; AST: Aspartate Aminotransferase; TBIL: Total
Bilirubin; TACE: Transarterial Chemoembolization; MWA: Microwave Ablation.
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Discussion

As a kind of malignant tumor with no obvious symptoms at
early stage, most Hepatocellular carcinoma (HCC) patients have
no chance of surgery once diagnosed. Although most patients
were treated with TACE [5,6], the effect of TACE treatment has
obvious limitations, such as complete necrosis rate is low [7].
The reasons may be addressed as following: (1) New blood ves-
sels or collateral circulation are likely to form [8]; (2) Most por-
tal vein lacks blood supply besides the hepatic artery. (3) Poor
blood vessel is difficult to completely embolize. (4) Poor iodized
oil deposits. MWA emits electromagnetic waves and forms a
sustained high temperature within a short time, leading to kill-
ing tumor cells through coagulative necrosis. After ablation, it
can effectively reduce the immunosuppressive effect [9]. MWA
produces higher temperature, larger range, and shorter time
than Radiofrequency Ablation (RFA).

This retrospective study contained a total of 108 HCC pa-
tients. To eliminate the baseline confounders such as tumor
size, 56 patients were excluded through PRS analysis. The me-
dian survival time and 1-, 2-, and 3- survival rates of TACE+MWA
group were significantly improved compared with TACE group.
The median survival time of the TACE group and TACE+MWA
group were 13 months and 28 months, respectively. The 1-,
2-, and 3-year survival rates were 57.7%, 30.3%, 19.5% in TACE
group and 84.6%, 59.0%, 35.2% in TACE+MWA group, respec-
tively. Our data showed that patients with combined treatment
have a longer survival time but without serious complications
and liver damage. Our study also demonstrated that TACE-
MWA has a synergistic effect. TACE-MWA has some advantages
including but not limited to: (1) TACE reduces tumor blood flow
leading to the cooling of hepatic artery blood flow during ab-
lation process [10]. (2) TACE marks the location of the tumor,
especially in the subfocals that are difficult to find where the
iodized oil deposits. (3) After the TACE treatment, the ischemic
water, inflammatory, and iodized oil enhance the temperature
inside the tumor when they encounter electromagnetic waves
[11]. (4) MWA can be used as a supplementary treatment in
patients with distorted blood vessels or difficult to select ana-
tomical locations. (5) The thermal damage of MWA leads to the
sensitivity of tumor cells to chemotherapy drugs [12]. (6) TACE-
MWA treatment can reduce the frequency of TACE treatment
helping to reduce the side effects of repeated TACE treatment.

Previous studies have revealed that [13-15], the prognosis
of hepatocellular carcinoma is related to the size and tumor
lesions. Subgroup analysis based on the size of the tumors
showed that patients with tumor size < 5 cm benefited from
the combined treatment group (P<0.05). The median survival
time was 28 months and 16 months, respectively. Leung [16] et
al. has reported that the initial tumor size in TACE-MWA treat-
ment is a major risk factor for tumor prognosis. Chen et al. [17]
analyzed 244 patients with hepatocellular carcinoma whose tu-
mor size was <5 cm. Consistent with our study, the complete
ablation rate in the TACE-MWA treatment group reached 92.1%
but only 46.3% in the TACE group. In addition, a subgroup analy-
sis was also conducted based on the number of tumor lesions.
The result indicated that survival time between the two groups
has a significant difference when the number of tumor lesions
was 2-4 (P<0.05). The survival time of the combined treatment
group was longer, and the median of the TACE-NWA group was
21 months compared with 10 months in the TACE group. Ya-
makado et al. [18] reported that the prognosis of simple TACE is
greatly affected by the number of lesions. Zheng et al. [19] ana-

lyzed 276 patients with liver cancer and their subgroup results
also showed that 3 or fewer tumor lesions benefited significant-
ly from combined treatment. This study did not include hepa-
tocellular carcinoma with tumor lesions >4. Subgroup analysis
showed that patients with single tumor lesions showed no dif-
ference between two groups (P=0.114), but the median survival
time of the combined treatment group was longer than that of
TACE treatment alone. However, no statistically significant dif-
ference was probably due to the small number of cases. Accord-
ing to our experience, hypovascular tumors are more likely to
benefit from TACE-MWA therapy particularly tumors located in
safe locations, such as lesions away from the intestine, gallblad-
der, and blood vessels. In addition, for patients with BCLC stage
A and stage B HCC receiving liver transplantation, TACE-MWA
treatment can significantly prolong Progression-Free Survival
(PFS), and prolonged PFS increases the probability of patients
receiving liver transplantation

Moreover, significant differences in the short-term efficacy
between two groups of patients was observed. The ORR of the
TACE + MWA group and the TACE group were 61.5% and 30.8%,
and the DCR was 80.8% and 46.2%, respectively. The combined
treatment group was superior to the TACE group. The difference
between transaminase and total bilirubin at one month after
procedure between two groups was not significant indicating
that the combined treatment would not lead to more liver com-
plications. However, this study has some limitations. First, this
study has a small number of single-center cases with shorted
follow-up time; Second, tumor blood supply was not calculated,
which probably affected our conclusions; Third, the long-term
efficacy was evaluated by survival analysis, while the recurrence
of the tumor still needs to be further observed.

Conclusions

This comparative study suggests that TACE-MWA is signifi-
cantly better than TACE treatment in early and midterm HCC.
The short-term effect is significantly improved and effectively
prolongs the survival. Especially, when the tumor diameter is
less than 5 cm or has multiple lesions, the benefit is greater. In
conclusion, TACE-MWA combination therapy is safe and does
not aggravate the damage to liver function compared with TACE
treatment.
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