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INTRODUCTION

Percutaneous local treatment with radiofrequency ablation 

(RFA) is the current standard of care for patients with early-stage 

hepatocellular carcinoma (HCC) unsuitable for surgical resection. 

Recently, overall survival rates for HCC less than 3 cm in diameter 

treated using RFA or surgical resection have been reported as 

comparable.1 RFA is indicated for patients with up to three HCCs 

≤3 cm in diameter and Child-Pugh class A or B liver function.2,3 

However, the curability of RFA depends on its location. For exam-

ple, a perivascular location has a high risk of incomplete ablation 

because of the heat sink effect in which cooling is provided by 

blood flow through vessels adjacent to the tumor.4,5 As a result, 

the local tumor progression rate after RFA is approximately 30% 

at 3 years.2 This level is insufficient for curative treatment. A more 

curative ablation procedure is thus required.

Microwave ablation (MWA) is another percutaneous thermal 

ablation therapy. In comparison with RFA, MWA offers the advan-

tages of faster heating and less susceptibility to heat sink effects 

because higher temperatures are generated.6 However, conven-

tional MWA shows some major disadvantages. First, the ablation 

zone shows a teardrop shape. For that reason, MWA carries a 

high risk of thermal damage to the subcutaneous tissues and skin 

in ablation of the subcapsular tumor, especially with the develop-

ment of systems with greater power.6 Second, the ablation size is 

unpredictable with changes in surrounding tissues.6 To overcome 

these disadvantages, Emprint™ (Covidien, Boulder, CO, USA) was 

developed as a new, next-generation MWA system with thermo-

sphere technology. Microwave thermosphere ablation (MTA) is 

able to create predictable spherical zones of ablation by incorpo-

rating thermal control, field control, and wavelength control tech-

nologies into the system.7 Vogl et al.8 demonstrated that larger 

minimal ablative margins can be obtained by MTA in comparison 

to two routinely used conventional MWA systems. MTA is thus 

expected to safely improve local tumor control compared to RFA. 

This system was approved for use in the United States in April 

Background/Aims: In July 2017, the Emprint™ next-generation microwave ablation system using thermosphere 
technology (Covidien, Boulder, CO, USA) was approved for use in Japan. This system can produce a predictable spherical 
ablation zone at higher temperatures than radiofrequency ablation (RFA). The aim of the present study was to elucidate 
whether this new microwave thermosphere ablation (MTA) could safely improve outcome compared to RFA, which is the 
standard of care for small hepatocellular carcinoma (HCC).
Methods: This retrospective study analyzed 513 patients with 630 HCCs (≤3 cm) who were performed by percutaneous 
RFA (174 patients, 214 HCCs) or MTA (339 patients, 416 HCCs) between January 2016 and March 2020.
Results: Median ablation time was significantly shorter for MTA (240 seconds) than for RFA (721 seconds; P<0.001). A 
significant difference in 3-year local tumor progression rate was evident between the RFA group (22%) and MTA group 
(8%; P<0.001). Multivariable analysis revealed ablation procedure and tumor diameter as independent factors contributing 
to local tumor progression (MTA; P<0.001; hazard ratio, 0.565; 95% confidence interval, 0.437–0.731). In patients with 
primary HCC, a significant difference in overall survival was evident (RFA vs. MTA, 3-year, 77% vs. 95%, P=0.029). Ablation 
procedure and Child-Pugh score were independent factors contributing to survival. The total complication rate was 
significantly lower for MTA (8%) than for RFA (14%, P<0.05), particularly for bile duct injury (3% vs. 9%, respectively; 
P<0.05).
Conclusions: Next-generation MTA for small HCC could provide safer, more curative treatment in a shorter ablation time 
than RFA. (Clin Mol Hepatol 2021;27:564-574)
Keywords: Carcinoma, Hepatocellular; Radiofrequency ablation; Microwaves

Study Highlights
Next-generation MTA using the EmprintTM ablation system can produce a predictable spherical ablation zone at higher temperatures than RFA. The 
present study demonstrated that MTA for small HCC provided safer, more curative treatment than RFA within a shorter ablation time, and may im-
prove prognosis. MTA can also reduce the burden on not only patients, but also medical staff through this shorter ablation time. MTA has potential 
to replace RFA for small HCC.
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2014, and for use in Japan in July 2017. The aim of the present 

study was to elucidate whether this new, next-generation MTA 

could safely improve outcome compared to RFA.

PATIENTS AND METHODS

Patients

The sample size for this retrospective cohort study was deter-

mined from our database of percutaneous ablation therapy for 

HCC during the study period. Between January 2016 and March 

2020, a total of 573 consecutive patients with 702 HCCs were 

treated by percutaneous thermal ablation in our hospital. We in-

troduced MTA in December 2017, and replaced RFA with MTA 

from September 2018. RFA was performed from January 2016 to 

August 2018. Of the 573 patients with 702 HCCs, 23 patients 

with 33 HCCs received palliative ablation due to advanced stage, 

four patients with four HCCs were lost to follow-up after ablation, 

and two patients with two HCCs showing Child-Pugh class C liver 

function were excluded from the present study. Another 31 pa-

tients with 32 HCCs showing maximum tumor diameter >3 cm 

were excluded. Finally, 513 patients with 630 HCCs (≤3 cm) were 

classified into a group receiving RFA (174 patients with 214 HCCs) 

and a group receiving MTA (339 patients with 416 HCCs). Patient 

flow in this study is shown in Figure 1. HCC was diagnosed based 

on typical findings of HCC on contrast-enhanced computed to-

mography (CECT), dynamic magnetic resonance imaging (MRI), 

and/or contrast-enhanced ultrasonography (CEUS).3 Ablation time, 

local tumor progression rate, and complications were compared 

between MTA and RFA. To identify factors affecting local tumor 

progression, ablation modality and tumor location were also ana-

lyzed. Perivascular tumor was defined as a tumor adjacent to ves-

sels ≤3 mm in diameter.9 In addition, overall survival and recur-

rence-free survival in patients with primary HCC were also 

analyzed. HCC patients with no history of HCC treatments were 

considered to represent patients with primary HCC.

This study was approved by the Ethics Committee at Wakayama 

Rosai Hospital. The need to obtain written informed consent was 

waived, due to the retrospective nature of the study.

Ablation technique

A Cool-tip™ RF system (Covidien) with a 17-gauge, cooled-tip 

electrode and a 2- or 3-cm non-insulated tip was used for RFA. 

An Emprint™ ablation system with a 13-gauge standard antenna 

(20-cm long) was used for MTA. Both procedures were performed 

under ultrasound guidance. Artificial pleural effusion or ascites 

was prepared using saline if needed. RFA was performed under 

the impedance control mode. Electric power was set at 40 W for 

the 2-cm electrode or 60 W for the 3-cm electrode, and was ele-

vated at a rate of 10 W/min. When an impedance out occurred, 

output was automatically stopped, and ablation was resumed at 

10 W lower than the output power at the time of impedance out. 

HCC patients treated by RFA or MTA between January 2016 and March 2020
(573 patients, 702 tumors)

Palliative treatment in advanced stage
(23 patients, 33 tumors)

Lost to follow-up
(4 patients, 4 tumors)

Child-Pugh class C
(2 patients, 3 tumors)

Maximum tumor diameter >3 cm
(31 patients, 32 tumors)

544 patients, 662 tumors

513 patients, 630 tumors

HCC patients treated by RFA
between

January 2016 and August 2018
(174 patients, 214 tumors)

HCC patients treated by MAT
between

December 2017 and March 2020
(339 patients, 416 tumors)

Figure 1. Flow chart for the study. HCC, hepatocellular carcinoma; 
MTA, microwave thermosphere ablation; RFA, radiofrequency ablation.
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Duration time of RFA was set at 6 minutes for the 2-cm electrode 

and 12 minutes for the 3-cm electrode. Additional ablation was 

performed if the temperature was below 65°C.10 In MTA, output 

power was set at 100 W, and duration time was 1–2 minutes for 

a 2-cm ablation zone, and 3–4 minutes for a 3-cm ablation zone. 

When the target tumor was entirely covered by a transient hyper-

echoic zone, both RFA and MTA treatments were finished. Needle 

track ablation was not performed in either procedure, to prevent 

seeding and hemorrhage. After taking out the electrode or anten-

na from the liver, the needle track was observed using color Dop-

pler or CEUS. If hemorrhage from the needle track increased rap-

idly, we stopped bleeding by percutaneous ethanol injection.10

Evaluation of treatment efficacy and follow-up

Treatment efficacy was evaluated on CECT or MRI at 1–3 days 

after the ablation procedure. Complete ablation was defined as 

no tumor enhancement with a safety margin (≥5 mm). If the safe-

ty margin was judged as insufficient, ablation was added within  

1 month after treatment. In principle, all patients were followed-

up by CECT or dynamic MRI every 3–4 months.

Evaluation of outcomes after ablation

The primary endpoint of the present study was local tumor pro-

gression, representing treatment failure. Local tumor progression 

was defined as tumor growth touched inside or outside the post-

ablation zone.

Safety evaluation

To evaluate the safety of ablation therapy, the profiles and inci-

dences of complications were compared between RFA and MTA 

groups. Major complications were defined as events leading to 

Table 1. Comparison of baseline characteristics between radiofrequency ablation and microwave thermosphere ablation groups

Overall  
(513 patients, 630 tumors)

RFA group  
(174 patients, 214 tumors)

MTA group  
(339 patients, 416 tumors)

P-value

Age (years) 74 (36–90) 74 (53–89) 75 (36–90) 0.155

Sex, male/female 364/149 122/52 242/97 0.764

Etiology, HBV/HCV/non-virus 46/315/152 14/123/37 32/192/115 0.006

Liver cirrhosis 358 (70.0) 134 (77.0) 224 (66.0) 0.011

Child-Pugh score 5 (5–9) 5 (5–9) 5 (5–9) 0.675

Child class, A/B 464/49 159/15 305/34 0.607

Esophageal varices 186 (36.0) 74 (43.0) 112 (33.0) 0.034

Extrahepatic shunt 115 (22.0) 30 (17.0) 85 (25.0) 0.044

Platelets (×104/mm3) 13.8 (3.1–38.4) 12.7 (3.5–32.9) 14.3 (3.1–38.4) 0.059

ALT (U/L) 21 (4–189) 24 (4–189) 20 (8–120) 0.012

Onset, primary/recurrence 132/381 41/133 91/248 0.421

Tumor diameter (mm) 15 (5–30) 15 (7–30) 15 (5–30) 0.407

Number of tumors 1 (1–4) 1 (1–4) 1 (1–4) 0.547

TNM stage, I/II/III 352/137/24 115/52/7 237/85/17 0.476

Perivascular tumors 152 (24.0) 37 (17.0) 115 (28.0) 0.004

Subcapsular tumors 294 (47.0) 95 (44.0) 199 (48.0) 0.412

Exophytic tumors 53 (8.0) 17 (8.0) 36 (9.0) 0.761

Tumors adjacent to other organs 75 (12.0) 19 (9.0) 56 (13.0) 0.093

AFP (ng/mL) 6.0 (0.7–1,087.0) 6.9 (0.7–1,087.0) 5.5 (0.7–983.0) 0.044

DCP (mAU/mL) 30 (5–4,267) 35 (6–3,546) 29 (5–4,267) 0.236

Values are presented as median (range) or number (%) unless otherwise indicated.
RFA, radiofrequency ablation; MTA, microwave thermosphere ablation; HBV, hepatitis B virus; HCV, hepatitis C virus; ALT, alanine aminotransferase; TNM, tumor 
node metastasis; AFP, alpha-fetoprotein; DCP, des-gamma-carboxyprothrombin.
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substantial morbidity or disability, increasing the level of care, or 

resulting in hospital admission or substantially extended hospital 

stay.11

Statistical analysis

Values are expressed as median and range. The Mann-Whitney 

U test was used to analyze continuous variables. Fisher’s exact 

test or the chi-squared test was used to analyze categorical vari-

ables. The cumulative rates of local tumor progression, recur-

rence-free survival, and overall survival were evaluated using Ka-

plan-Meier methods. The statistical significance of differences 

between groups was examined using log-rank tests. Factors con-

tributing to local tumor progression and survival were analyzed 

using Cox proportional hazards regression models. Factors show-

ing a result of P<0.05 in univariable analyses were entered into 

the multivariable analysis. Results were expressed as hazard ratios 

(HRs) and 95% confidence intervals (CIs). Values of P<0.05 were 

considered significant. All analyses were performed using SPSS 

version 24.0 software (SPSS, Chicago, IL, USA).

RESULTS

Patient characteristics

Patient characteristics are summarized in Table 1. Proportions of 

non-viral hepatitis, extrahepatic shunt, and perivascular tumor 

were significantly higher in MTA than in RFA. Conversely, propor-

tions of liver cirrhosis and esophageal varices, and levels of alpha-

fetoprotein (AFP) and alanine aminotransferase were significantly 

lower in MTA than in RFA. However, no significant differences were 

seen in other baseline factors such as age, sex, onset, tumor size, 

number of tumors, TNM stage, liver function, platelets count, des-

gamma-carboxyprothrombin level, or other tumor location. Of the 

46 patients infected with hepatitis B virus (HBV), 39 patients re-

Table 2. Comparison of baseline characteristics in patients with primary hepatocellular carcinoma between radiofrequency ablation and microwave 
thermosphere ablation groups

Overall (132 patients) RFA group (41 patients) MTA group (91 patients) P-value

Age (years) 74 (36–90) 74 (53–88) 74 (36–90) 0.881

Sex, male/female 89/43 28/13 61/30 0.886

Etiology, HBV/HCV/non-virus 9/61/62 3/21/17 6/40/45 0.695

Liver cirrhosis 87 (66.0) 32 (78.0) 55 (60.0) 0.048

Child-Pugh score 5 (5–9) 5 (5–9) 5 (5–9) 0.833

Child class, A/B 113/19 37/4 76/15 0.424

Esophageal varices 47 (36.0) 18 (44.0) 29 (32.0) 0.181

Extrahepatic shunt 34 (26.0) 6 (15.0) 28 (31.0) 0.055

Platelets (×104/mm3) 14.2 (3.5–30.9) 14.1 (3.5–30.0) 14.8 (4.2–30.9) 0.516

ALT (U/L) 25 (9–120) 25 (9–92) 24 (9–120) 0.817

Tumor diameter (mm) 20 (8–30) 20 (10–30) 20 (8–30) 0.699

Number of tumors 1 (1–3) 1 (1–2) 1 (1–3) 0.547

TNM stage, I/II/III 78/46/8 22/17/2 56/29/6 0.554

Perivascular tumors 35 (27.0) 9 (22.0) 26 (29.0) 0.425

Subcapsular tumors 62 (47.0) 21 (51.0) 41 (45.0) 0.511

Exophytic tumors 9 (7.0) 2 (5.0) 7 (8.0) 0.720

Tumors adjacent to other organs 14 (11.0) 4 (10.0) 10 (11.0) 1.000

AFP (ng/mL) 6.0 (0.7–983) 8.0 (0.7–454.0) 4.6 (1.0–983.0) 0.025

DCP (mAU/mL) 27 (5–4,267) 35 (10–760) 26 (5–4,267) 0.472

Values are presented as median (range) or number (%) unless otherwise indicated.
RFA, radiofrequency ablation; MTA, microwave thermosphere ablation; HBV, hepatitis B virus; HCV, hepatitis C virus; ALT, alanine aminotransferase; TNM, tumor 
node metastasis; AFP, alpha-fetoprotein; DCP, des-gamma-carboxyprothrombin.
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ceived nucleoside analogue therapy. However, seven patients did 

not receive anti-viral therapy because of negative results for se-

rum HBV-DNA. Of the 316 patients identified as infected with 

hepatitis C virus, the infection was eradicated in 312 patients us-

ing direct-acting antivirals. Comparisons of baseline characteris-

tics in patients with primary HCC are shown in Table 2. The pro-

portion of liver cirrhosis and AFP level were both significantly 

lower with MTA than with RFA.

Median ablation time was significantly shorter for MTA (240 

seconds; range, 60–1,140) than for RFA (721 seconds; range, 

240–2,880; P<0.001). Preparation rates of artificial pleural effu-

sion before RFA and MTA were 41% (71/174) and 39% (133/339), 

respectively (P=0.731). Preparation rates of artificial ascites were 

5% (9/174) and 4% (13/339, respectively (P=0.479). No signifi-

cant differences in preparation rates of artificial pleural or ascites 

were identified between groups. Complete ablation rate after first 

treatment was 98% (210/214) for RFA and 96% (401/416) for 

MTA. No significant difference in complete ablation rate was ap-

parent between groups (P=0.326). The technical success rate 

was 100% in both groups, because all patients were finally 
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Log rank test, P=0.269

Subcapsular tumor

Perivascular tumor

 0 1 2 3
Years
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Number at risk

1 year 2 years 3 years
RFA (n=214) 193 182 173
MTA (n=416) 404 398 395

Number at risk

1 year 2 years 3 years
RFA (n=95) 83 75 70
MTA (n=199) 190 182 182

Number at risk

1 year 2 years 3 years
RFA (n=37) 32 31 29
MTA (n=115) 107 105 104

Figure 2. (A) Comparison of cumulative local tumor progression curves be-
tween radiofrequency ablation (RFA) and microwave thermosphere ablation 
(MTA) groups. A significant difference is apparent between groups (P<0.001). 
Three-year local tumor progression rates for RFA and MTA groups are 22% and 
8%, respectively. (B) Comparison of cumulative local tumor progression curves 
between RFA and MTA in subcapsular hepatocellular carcinomas (HCCs). A sig-
nificant difference is evident between groups (RFA vs. MTA, 3-year, 30% vs. 7%, 
P<0.001). (C) Comparison of cumulative local tumor progression curves be-
tween RFA and MTA for perivascular HCCs. No significant difference is evident 
between groups (RFA vs. MTA, 3-year, 23% vs. 13%, P=0.269).



570 http://www.e-cmh.orghttps://doi.org/10.3350/cmh.2021.0136

Volume_27  Number_4  October 2021

judged as having achieved complete ablation by additional abla-

tion. Median follow-up period for the RFA and MTA groups was 

1,358 days (range, 316–1,834) and 738 days (range, 285–1,291), 

respectively.

Figure 3. (A) Comparison of cumulative recurrence-free survival curves in patients with primary hepatocellular carcinoma (HCC). No significant differ-
ence is seen in recurrence-free survival between radiofrequency ablation (RFA) and microwave thermosphere ablation (MTA) groups (RFA vs. MTA, 
3-year, 49% vs. 57%, P=0.409). (B) Comparison of cumulative overall survival curves in patients with primary HCC. A significant difference is evident in 
overall survival (RFA vs. MTA, 3-year, 77% vs. 95%, P=0.029).
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1 year 2 years 3 years
RFA (n=41) 34 27 22
MTA (n=91) 79 70 65

Number at risk

1 year 2 years 3 years
RFA (n=41) 40 37 32
MTA (n=91) 90 87 87

Table 3. Uni- and multivariable analyses of factors contributing to local tumor progression

Variable
Univariable Multivariable

P-value HR (95% CI) P-value HR (95% CI)

Age (years) 0.813 0.997 (0.968–1.026)

Sex, female 0.429 0.797 (0.454–1.399)

Etiology, non-virus 0.679 1.118 (0.660–1.891)

Onset, recurrence 0.287 0.867 (0.667–1.127)

Liver cirrhosis 0.162 0.697 (0.420–1.156)

Child class A 0.952 0.990 (0.718–1.365)

Child-Pugh score 0.443 0.672 (0.244–1.852)

Tumor diameter (mm) <0.001 1.073 (1.033–1.115) 0.001 1.070 (1.030–1.113)

Ablation method, MTA <0.001 0.334 (0.200–0.559) <0.001 0.565 (0.437–0.731)

Perivascular tumors 0.100 1.545 (0.921–2.595)

Subcapsular tumors 0.031 1.718 (1.052–2.907) 0.228 1.391 (0.813–2.380)

Exophytic tumors 0.038 2.043 (1.042–4.006) 0.130 1.744 (0.848–3.587)

Tumors adjacent to other organs 0.137 1.636 (0.856–3.127)

AFP (ng/mL) 0.132 1.001 (1.000–1.003)

DCP (mAU/mL) 0.279 1.000 (1.000–1.001)

HR, hazard ratio; CI, confidence interval; MTA, microwave thermosphere ablation; AFP, alpha-fetoprotein; DCP, des-gamma-carboxyprothrombin.
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Comparisons of local tumor progression between 
RFA and MTA groups

Cumulative local tumor progression curves are compared be-

tween RFA and MTA groups in Figure 2. A significant difference 

was evident between groups (P<0.001), and the 3-year local tu-

mor progression rate was 22% for RFA and 8% for MTA. Cumula-

tive local tumor progression curves between RFA and MTA groups 

are also compared according to tumor location in Figure 2. Al-

though a significant difference between groups was identified for 

subcapsular HCCs (RFA vs. MTA, 3-year, 30% vs. 7%, P<0.001), 

no significant difference was seen for perivascular HCCs (RFA vs. 

MTA, 3-year, 23% vs. 13%, P=0.269).

Of 66 local-recurrent HCCs after RFA or MTA, 59 tumors was 

curatively treated by MTA (n=46), RFA (n=10), proton beam ther-

apy (n=2), or resection (n=1). However, seven tumors were treat-

ed by transcatheter chemoembolization because of the presence 

of multiple intrahepatic metastatic recurrences.

Table 4. Uni- and multivariable analyses of factors contributing to survival

Variable
Univariable Multivariable

P-value HR (95% CI) P-value HR (95% CI)

Age (years) 0.337 1.028 (0.972–1.087)

Sex, female 0.971 1.020 (0.346–3.006)

Etiology, non-virus 0.436 1.498 (0.542–4.144)

Liver cirrhosis 0.170 2.851 (0.638–12.745)

Child class A 0.266 0.478 (0.130–1.756)

Child-Pugh score 0.001 2.055 (1.372–3.184) <0.001 2.361 (1.456–3.828)

Tumor diameter (mm) 0.342 1.042 (0.957–1.135)

Number of tumors 0.540 0.536 (0.073–3.939)

Ablation method, MTA 0.039 0.282 (0.085–0.936) 0.016 0.205 (0.056–0.747)

AFP (ng/mL) 0.127 1.002 (0.999–1.005)

DCP (mAU/mL) 0.795 1.000 (0.999–1.001)

HR, hazard ratio; CI, confidence interval; MTA, microwave thermosphere ablation; AFP, alpha-fetoprotein; DCP, des-gamma-carboxyprothrombin.

Table 5. Comparison of complications between radiofrequency ablation and microwave thermosphere ablation groups

Complication RFA group (n=174) MTA group (n=339) P-value

Total 25 (14.0) 26 (8.0) <0.05

Intra-abdominal or pleural hemorrhage 8 (5.0) 11 (3.0) 0.46

Liver abscess 1 (1.0) 2 (1.0) 1.00

Portal thrombosis 0 (0.0) 2 (1.0) 0.55

Biliary ductal injury 15 (9.0) 11 (3.0) 0.01

Seeding 1 (1.0) 0 (0.0) 0.34

Major complication 4 (2.0) 6 (2.0) 0.74

Intrapleural hemorrhage 2 (1.0) 1 (0.3) 0.27

Liver abscess 1 (1.0) 2 (1.0) 1.00

Portal thrombosis 0 (0.0) 2 (1.0) 0.55

Biliary ductal injury 0 (0.0) 1 (0.3) 1.00

Seeding 1 (1.0) 0 (0.0) 0.34

Values are presented as number (%).
RFA, radiofrequency ablation; MTA, microwave thermosphere ablation.
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Comparisons of recurrence-free survival and overall 
survival between RFA and MTA groups

Comparisons of cumulative recurrence-free survival and overall 

survival curves between RFA and MTA groups are shown in Figure 3.  

Although no significant difference was seen in recurrence-free 

survival between groups (RFA vs. MTA, 3-year, 49% vs. 57%, 

P=0.409), a significant difference in overall survival was evident 

(RFA vs. MTA, 3-year, 77% vs. 95%, P=0.029).

Factors contributing to local tumor progression and 
survival

Results of uni- and multivariable analyses for factors contribut-

ing to local tumor progression are shown in Table 3. Although 

significant differences were detected in ablation procedure, tumor 

size, and subcapsular and exophytic tumors on univariable analy-

ses, multivariable analysis revealed ablation procedure and tumor 

size as independent factors. Results of uni- and multivariable 

analyses for factors contributing to survival are shown in Table 4. 

Uni-and multivariable analyses revealed ablation procedure and 

Child-Pugh score as factors significantly associated with survival.

Comparison of complication between RFA and MTA

No patient deaths occurred within 30 days after ablation. A 

comparison of complication profiles between RFA and MTA 

groups is shown in Table 5. Although no significant difference in 

major complication rate was seen between groups (RFA vs. MTA, 

2% vs. 2%, P=0.74), the total complication rate was significantly 

lower for MTA (8%) than for RFA (14%, P<0.05), particularly for 

bile duct injury (3% vs. 9%, respectively; P<0.05).

DISCUSSION

This retrospective cohort study evaluated whether a next-gen-

eration MTA for small HCC could safely improve local tumor con-

trol compared to RFA. In our clinical practice, as MTA was intro-

duced in December 2017, and RFA was fully replaced by MTA 

from September 2018, the RFA group represents historical con-

trols. As a result, the fact that local tumor progression rate was 

significantly reduced after introducing MTA for HCC in our clinical 

practice is noteworthy.

Regarding the comparison of local tumor control between RFA 

and conventional MWA, Facciorusso et al.12 demonstrated in a 

meta-analysis that the overall local tumor progression rate was 

similar between conventional MWA and RFA groups (odds ratio, 

1.01; 95% CI, 0.53–1.87; P=0.98). Poulou et al.13 indicated in 

their review article that the results concerning local disease con-

trol rates with conventional MWA and RFA remain controversial. 

Clinical data about local tumor control are lacking for MTA. Taka-

hashi et al.14 reported that the short-term local tumor progression 

rate compared favorably with that reported for RFA and other 

conventional MWA technologies in the literature. However, Suwa 

et al.15 could not identify a significant difference in local tumor 

progression rate between RFA and MTA groups in a short-term 

observation of a limited number of patients (log-rank test, 

P=0.804, 1-year, 5.2 vs. 6.9%). The present study was able to 

show that the local tumor progression rate was significantly lower 

in the MTA group than in the RFA group (log-rank test, P<0.001, 

3-year, 22% vs. 8%).

Tumor location is one potential factor influencing the technical 

success and complications of RFA. Ablation for a perivascular tu-

mor carries higher risks of injuring Glisson’s sheath and achieving 

incomplete ablation because of heat sink effects, while ablation 

in a subcapsular location increases the difficulty of electrode 

placement and carries a higher risk of complications such as seed-

ing or injuring adjacent organs. Lai et al.16 indicated that a sub-

capsular location represents a possible risk factor for local tumor 

progression after RFA on meta-analysis, and whether a perivascu-

lar location influences the incidence of local tumor progression re-

mains controversial. In the present study, the local tumor progres-

sion rate of MTA for subcapsular tumor was significantly lower 

than that of RFA. This result suggests that MTA should be applied 

for subcapsular HCCs in place of RFA. Regarding a perivascular 

location, An et al.17 reported that MWA tended to exhibit better 

local tumor control than RFA for small perivascular HCCs, al-

though the difference was not significant (P=0.116). The present 

study likewise failed to show any significant difference in local 

progression rate between RFA and MTA for perivascular HCC. The 

reason may be attributable to the fact that MTA was still slightly 

affected by heat sink effects. Further study is needed to clarify 

whether MTA can reduce the risk of local tumor progression after 

ablation for perivascular HCCs. Our better local control of tumor 

with MTA compared to RFA, particularly for subcapsular tumors, 

may have been attributable to reliable coagulation and a larger 

ablated margin rather than to reduced susceptibility to heat sink 

effects from peritumor vessels, artificial pleural effusion or asci-

tes.
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Regarding the comparison of safety between RFA and conven-

tional MWA, a meta-analysis by Facciorusso et al.12 demonstrated 

that major complications tended to be more frequent in MWA pa-

tients, although not significantly (odds ratio, 1.63; 95% CI, 0.88–

3.03; P=0.12). Comparing safety between RFA and MTA, Suwa et 

al.15 reported no significant differences in incidence rates of com-

plications between groups (MTA vs. RFA, 13.6% vs. 14.5%). 

However, in the present study, the total incidence of complica-

tions was significantly lower with MTA than with RFA, particularly 

for bile duct injury. This result was attributed to the high predict-

ability of the ablation zone. Planning with accurate prediction of 

the ablation zone would seem likely to achieve safer ablation.

Among factors potentially associated with local tumor progres-

sion in RFA, tumor size is the only significant predictor.2 In the 

present study, not only tumor size but also treatment procedure 

were factors independently contributing to local tumor progres-

sion (MTA, P<0.001; HR, 0.277; 95% CI, 0.155–0.494). Subcap-

sular and exophytic tumors were significant factors on univariable 

analysis, but not on multivariable analysis. These location factors 

would probably be confounders for tumor size.

In the present study, no significant difference in recurrence-free 

survival was seen between RFA and MTA groups (RFA vs. MTA, 

3-year, 49% vs. 57%). Kim et al.18 demonstrated that the cumula-

tive recurrence rate in patients with early-stage HCC who received 

curative treatment such as RFA or resection was around 50% at 3 

years. As most recurrent HCC after curative treatment is ectopic, 

MTA cannot be said to have the ability to decrease multicentric or 

metastatic recurrences.

Regarding the comparison of overall survival between RFA and 

conventional MWA, Facciorusso et al.12 demonstrated in their me-

ta-analysis that the overall survival rate after RFA tended to be 

higher, without showing a significant difference. Poulou et al.13 

also indicated in their review article that survival rates were gen-

erally comparable between MWA and RFA groups, within the 

range of 68–100% after the first year and 24–78% after the 

fourth year. In the present study, the overall survival rate after 

MTA was significantly higher than that after RFA. Furthermore, 

treatment procedure was an independent factor contributing 

overall survival. Sala et al.19 reported that initial complete re-

sponse without local tumor progression to percutaneous ablation 

is associated with an improved survival in both Child-Pugh class A 

and B patients with nonsurgical HCC. As the local tumor progres-

sion rate after MTA was significantly lower than that after RFA, 

MTA might improve the prognosis over RFA. In the present study, 

however, as the proportion of liver cirrhosis and AFP level were 

lower in the MTA group than in the RFA group, better prognosis 

after MTA may be expected.

The present study showed several limitations. First, as the pres-

ent study was a single-center, retrospective study, the potential 

for selection bias is unavoidable. A larger-scale randomized trial is 

needed to validate our results. Second, patient recruitment peri-

ods differed between the MTA and RFA groups. In particular, sig-

nificant differences in proportions of perivascular tumor, liver cir-

rhosis, and etiology were seen between groups. Comparison after 

matching for important characteristics is therefore required. Third, 

local tumor control and safety of MTA in large HCCs >3 cm in di-

ameter could not be evaluated in the present study. Izzo et al.20 

suggested in a review article that MWA should be considered the 

technique of choice in selected patients, when the tumor is ≥3 cm 

in diameter. Future studies should clarify whether MTA should be 

applied to large HCC ≥3 cm in diameter.

In conclusion, this next-generation MTA for small HCC provided 

safer and more curative treatment than RFA within a shorter abla-

tion time. MTA can also reduce the burden on not only patients, 

but also medical staff through this shorter ablation time. MTA has 

potential to replace RFA for small HCC.
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