
Citation: Chen, G.; Chen, H.; Huang,

X.; Cheng, S.; Zheng, S.; Wu, Y.;

Zheng, T.; Chen, X.; Guo, X.;

Zhang, Z.; et al. Recurrence Outcome

in Hepatocellular Carcinoma within

Milan Criteria Undergoing

Microwave Ablation with or without

Transarterial Chemoembolization.

Medicina 2022, 58, 1016. https://

doi.org/10.3390/medicina58081016

Academic Editors: Nicolae Crisan,

Călin Căinap and Konstantinos

Dimas

Received: 23 June 2022

Accepted: 25 July 2022

Published: 29 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

medicina

Article

Recurrence Outcome in Hepatocellular Carcinoma within Milan
Criteria Undergoing Microwave Ablation with or without
Transarterial Chemoembolization
Guobin Chen 1,2,† , Hong Chen 1,2,†, Xing Huang 1, Sisi Cheng 1, Susu Zheng 1,2, Yanfang Wu 1,2,
Tanghui Zheng 1,2, Xiaochun Chen 1,2, Xinkun Guo 1,2, Zhenzhen Zhang 1,2, Xiaoying Xie 1,2,3,*
and Boheng Zhang 1,2,3,*

1 Department of Hepatic Oncology, Zhongshan Hospital (Xiamen), Fudan University, Xiamen 361015, China;
chen.guobin@zsxmhospital.com (G.C.); chen.hong@zsxmhospital.com (H.C.);
huang.xing@zsxmhospital.com (X.H.); cheng.sisi@zsxmhospital.com (S.C.);
zheng.susu@zsxmhospital.com (S.Z.); wu.yanfang@zsxmhospital.com (Y.W.);
zheng.tanghui@zsxmhospital.com (T.Z.); chen.xiaochun@zsxmhospital.com (X.C.);
guo.xinkun@zsxmhospital.com (X.G.); zhang.zhenzhen@zsxmhospital.com (Z.Z.)

2 Xiamen Clinical Research Center for Cancer Therapy, Xiamen 361015, China
3 Department of Hepatic Oncology, Zhongshan Hospital, Fudan University, Shanghai 200032, China
* Correspondence: xie.xiaoying@zs-hospital.sh.cn (X.X.); zhang.boheng@zs-hospital.sh.cn (B.Z.)
† These authors contributed equally to this work.

Abstract: Background and Objectives: The recurrence outcome in patients who underwent microwave
ablation (MWA) with or without transarterial chemoembolization (TACE) for hepatocellular car-
cinoma (HCC) within Milan criteria remains unclear. The aim of this retrospective study was to
identify the predictive factors of recurrence in these patients. Materials and Methods: From May 2018
to April 2021, 66 patients with HCC within Milan criteria were enrolled. Local tumor progression
(LTP) and recurrence-free survival (RFS) were evaluated. Univariate and multivariate analyses were
used to evaluate the risk factors of recurrence. The propensity score analysis was conducted to reduce
potential confounding bias. Results: During the median follow-up of 25.07 months (95% confidence
interval [CI], 21.85, 28.28), the median time to LTP and RFS were 20.10 (95%CI, 14.67, 25.53) and
13.03 (95%CI, 6.36, 19.70) months. No group difference (MWA vs. MWA + TACE) was found in 1-year
cumulative LTP (p = 0.575) and RFS (p = 0.515), but meaningful significant differences were found
in two-year recurrence (LTP, p = 0.007 and RFS, p = 0.037). Univariate and multivariate analyses
revealed that treatment received before ablation was an independent risk factor of LTP (hazard ratio
[HR] 4.37, 95%CI, 1.44, 13.32) and RFS (HR 3.41, 95%CI, 1.49, 7.81). Conclusions: The LTP and RFS
in the MWA group were similar to that in the MWA combined with TACE. For HCC within Milan
criteria, both groups preferentially selected MWA. More endeavor and rigorous surveillance should
be taken to relapse prevention, in patients who have received previous treatment.

Keywords: hepatocellular carcinoma; microwave thermotherapy; chemoembolization; recurrence

1. Introduction

Primary liver cancer is the third leading cause of cancer death. Globalcan2020 esti-
mated 906,000 new cases in 2020, with approximately 75–85% cases being hepatocellular
carcinoma (HCC) [1]. Thermal ablation, transplantation and resection were curative thera-
pies for patients with HCC within the Milan criterion and are the available options in the
China liver cancer (CNLC) staging system [2], the European Association for the Study of the
Liver (EASL) [3], and the American Association for the Study of Liver Diseases (AASLD)
guidelines [4]. However, approximately 20% of patients with hepatocellular carcinoma
may experience a survival benefit from resection and liver transplantation [5]. Moreover,
some patients have missed out on surgery owing to poor liver function (such as severe liver
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cirrhosis), location of the tumor nodules or rejection of surgery [6]. Liver transplantation is
also limited due to the lack of availability of liver transplants and the high cost. Therefore,
there is a need for a less invasive and effective treatment method.

Microwave ablation (MWA) is a relatively new ablation technique in thermal ablation
and has the demonstrated benefits of safety, as well as being effective and minimally
invasive [7]. When compared to radiofrequency ablation (RFA), MWA has the advantage
of being less susceptible to the heat sink effect and provides a larger ablation zone [8–10].
There has been no demonstrated difference between MWA and RFA in efficacy or local
tumor progression [11]. A meta-analysis depicted an analogical efficacy and safety between
MWA and RFA. However, MWA displayed a preponderance in reducing the rate of five-year
recurrences [12]. Some retrospective studies have shown that MWA achieved long-term
oncologic outcomes for ≤4 cm HCC and equivalent metastasis and recurrence rates for
≤5 cm HCC when compared with surgery [7,13]. Unfortunately, to improve the clinical
outcomes, it is not enough for HCC with a single treatment.

In addition to being the first-line treatment for intermediate-stage HCC, transarterial
chemoembolization (TACE) can also be used for early-stage HCC [14]. TACE combined
with MWA has been shown to be an effective treatment with a mean overall survival (mOS)
rate of 54.9 months in early HCC [15]. The recurrence pattern of HCC was shown to be
relative to post-recurrence survival [16]. Therefore, the purpose of this study was to clarify
the risk factors for recurrence in patients with HCC within the Milan criteria, receiving
MWA with or without TACE.

2. Materials and Methods
2.1. Study Population

This retrospective study was approved by the ethics committees of Xiamen Branch,
Zhongshan Hospital, Fudan University (authorization number B2019-010). All patients
were diagnosed with HCC according to the EASL guidelines [3]. The study enrolled 66
patients with HCC who received MWA with or without TACE from May 2018 to April
2021 in our institution, as shown in Figure 1. Patients were selected according to the
following criteria:

Medicina 2022, 58, x  3 of 13 
 

 

 
Figure 1. Study flowchart. 

Demographics, oncology characteristics and some serological markers from within 
seven days before the operation were collected for analysis. The albumin–bilirubin (ALBI) 
score was calculated as follows: (log10 total bilirubin (µmol/L) × 0.66) + (serum albumin 
(g/L) × −0.085) [18]. The tumor location was recorded, including the tumor nodule position 
such as hepatic subcapsular, near large vessels, diaphragm or gallbladder. Treatment 
before ablation was defined as treatment up to one month prior to the intervention, such 
as TACE, conventional surgery, system treatment, radiotherapy or other anti-tumor 
treatment. 

2.2. MWA Procedure 
The tumor location and size were assessed for all patients by contrast enhanced 

ultrasound (CEUS) and contrast enhanced magnetic resonance imaging (CE-MRI) before 
the operation. Under the guidance of real-time ultrasonic imaging (US), MWA was 
performed with commercially available MWA systems (Covidien Medical Devices 
Technology Co., Ltd., Mansfield, MA, USA) after local or general anesthesia. An ablation 
needle with antennae was inserted into the tumor. During the MWA procedure, ablation 
session, time (range 1–10 min each session) and energy power (range 40–100 W each 
session) were determined depending on the tumor size, shape and location. The melting 
range was to achieve an ablated margin of at least 5 mm around the tumor. Finally, needle-
path ablation was used to prevent post-operative bleeding and needle-path metastases. 

2.3. TACE Combined with MWA Procedure 
TACE and MWA procedures performed in the same session similar to Roberto Iezzi 

et.al commenting [19]. In brief, angiography was performed prior to ablation. All TACE 
procedures were performed by an experienced physician starting with a routine Seldinger 
puncture in the arteria cruralis after local anesthesia. A 5 French catheter (Progreat 
Lambda, Terumo, Japan) was selected to perform arteriography of the celiac and common 
hepatic artery to identify the tumor and feeders. Afterwards, MWA was performed as 
described above. CEUS (with sonoview as the enhancing agent) was used to evaluate the 
completeness of the ablation. If there was a residual tumor, an additional ablation was 
performed. Subsequently, a microcatheter was used to superselect the tumor-feeding 
branch and embolization was performed with 1–3 mL of lipiodol, with or without 10 mg 

Figure 1. Study flowchart.



Medicina 2022, 58, 1016 3 of 12

(1) HCC within the Milan criteria (single tumor ≤ 5 cm or two to three tumors ≤ 3 cm
without vascular invasion) [17] who had received MWA with or without TACE as the
treatment; (2) Child–Pugh score ≤ 7; (3) Eastern Cooperative Oncology Group performance
status 0 or 1; and (4) refusal or unfitness for surgery and liver transplantation.

The exclusion criteria were (1) missing examination imaging from one to three-month
postoperative period; (2) a lack of complete follow-up information; (3) other malignant
tumors; and (4) other anti-cancer therapy received less than one month prior to intervention.

Demographics, oncology characteristics and some serological markers from within
seven days before the operation were collected for analysis. The albumin–bilirubin (ALBI)
score was calculated as follows: (log10 total bilirubin (µmol/L) × 0.66) + (serum albumin
(g/L) × −0.085) [18]. The tumor location was recorded, including the tumor nodule posi-
tion such as hepatic subcapsular, near large vessels, diaphragm or gallbladder. Treatment
before ablation was defined as treatment up to one month prior to the intervention, such as
TACE, conventional surgery, system treatment, radiotherapy or other anti-tumor treatment.

2.2. MWA Procedure

The tumor location and size were assessed for all patients by contrast enhanced
ultrasound (CEUS) and contrast enhanced magnetic resonance imaging (CE-MRI) before the
operation. Under the guidance of real-time ultrasonic imaging (US), MWA was performed
with commercially available MWA systems (Covidien Medical Devices Technology Co.,
Ltd., Mansfield, MA, USA) after local or general anesthesia. An ablation needle with
antennae was inserted into the tumor. During the MWA procedure, ablation session, time
(range 1–10 min each session) and energy power (range 40–100 W each session) were
determined depending on the tumor size, shape and location. The melting range was to
achieve an ablated margin of at least 5 mm around the tumor. Finally, needle-path ablation
was used to prevent post-operative bleeding and needle-path metastases.

2.3. TACE Combined with MWA Procedure

TACE and MWA procedures performed in the same session similar to Roberto Iezzi
et.al commenting [19]. In brief, angiography was performed prior to ablation. All TACE
procedures were performed by an experienced physician starting with a routine Seldinger
puncture in the arteria cruralis after local anesthesia. A 5 French catheter (Progreat Lambda,
Terumo, Japan) was selected to perform arteriography of the celiac and common hepatic
artery to identify the tumor and feeders. Afterwards, MWA was performed as described
above. CEUS (with sonoview as the enhancing agent) was used to evaluate the complete-
ness of the ablation. If there was a residual tumor, an additional ablation was performed.
Subsequently, a microcatheter was used to superselect the tumor-feeding branch and em-
bolization was performed with 1–3 mL of lipiodol, with or without 10 mg of epirubicin
(water-in-oil technique was used to mix chemotherapeutic agents and iodized oil which
was described in previous study [20]). Finally, angiography was repeated to evaluate the
extent of the lipiodol deposits. The brief procedure was shown in Supplemental Figure S1.

2.4. Follow-Up

All patients received regular follow-up after the operation. A CE-MRI/CT was per-
formed one to three months after MWA with or without TACE. If the tumor was completely
ablated, the patient was followed-up every two to three months. Combination therapy
such as immunotherapy, antiangiogenic therapy, surgery etc. would then be conducted
based on tumor recurrence. The study was censored on 2 February 2022.

2.5. Evaluation of Therapeutic Outcomes

The treatment response was evaluated by the modified response evaluation criteria in
solid tumors (mRECIST) [21]. A non-specifically trained radiologist may magnify variability
in the evaluation of treatment outcomes [22]. The assessment of treatment response was
calculated by two different experts, one of whom has over 10 years of experience in
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radiology and another who has 10 years of experience in interventional radiology. A one-
month postoperative CE-MRI/CT was used for assessing the initial therapeutic effect. Local
tumor progression time (LTPt) was defined as the time between the operation date and
the date when any residual or new-onset tumor around the ablation zone was discovered
in the same liver lobe. Recurrence-free survival (RFS) was defined as the interval from
the date of MWA with or without TACE to the date of HCC recurrence. Overall survival
(OS) was defined as the time from the operation time until the time of death or the last
follow-up recorded. Adverse events that occurred within one week of the interventional
operation were recorded at follow-up, as were complications that were considered likely to
be MWA/TACE-related.

2.6. Statistical Analysis

All analyses were performed using SPSS 21 software (IBM Corp., Armonk, NY, USA).
Data were presented as mean ± standard deviation for continuous variables, which were
analyzed by an independent t-test similar to the previous study [23]. Categorical data
were defined as frequency (as a percentage) and calculated by applying a chi-square test
or Fisher’s exact test. LTP, RFS and OS were compared with a log-rank test using the
Kaplan–Meier method. The risk factors for recurrence were analyzed by a univariate
analysis. Multivariate Cox regression models were built to include all variables found to
be p ≤ 0.1 in the univariate analyses. A 1:1 propensity score with logistic regression was
performed for balancing variables [24], with a caliper distance of 0.1. All comparisons were
two-sided, and p values less than 0.05 were considered statistically significant.

3. Results
3.1. Patient Characteristics

The baseline patient characteristics of the two groups are summarized in Table 1. Of the
66 patients, 87.9% patients suffered from chronic viral hepatitis B (HBV), and 75.8% suffered
from hepatic cirrhosis. The majority of patients presented with BCLC Stage A (84.8%) and
received other treatment before ablation (63.4%). The 44 patients who underwent MWA
had a significantly smaller tumor size compared to the 22 patients who received MWA
combined with TACE (18.36 ± 8.47 vs. 25.09 ± 10.31 mm, p = 0.006). In addition, the MWA
group had a smaller number of tumor nodules (11.4% multiple nodules) according to MWA
plus the TACE group (multiple nodules 11.4% vs. 36.4%, p = 0.038). The lymphocyte counts
(1.70 ± 0.61 vs. 1.37 ± 0.43) and ALBI (−3.07 ± 0.31 vs. −3.25 ± 0.27, p = 0.027) of the
MWA group were significantly higher than MWA plus TACE.

Table 1. Baseline patient characteristics stratified by therapy [mean SD/N (%)].

Characteristics Overall (N = 66) MWA (N = 44) MWA + TACE (N = 22) p Value

age 61.14 ± 11.18 61.36 ± 10.89 60.68 ± 11.98 0.817
Sex

male 51 (77.3%) 31 (70.5%) 20 (90.9%) 0.062
female 15 (22.7%) 13 (29.5%) 2 (9.1%)

Hepatic Cirrhosis
yes 50 (75.8%) 34 (77.3%) 16 (72.7%) 0.685
no 16 (24.2%) 10 (22.7%) 6 (27.3%)

Diabetes
yes 12 (18.2%) 8 (18.2%) 4 (18.2%) >0.999
no 54 (81.8%) 36 (81.8%) 18 (81.8%)

Hypertension
yes 17 (25.8%) 13 (29.5%) 4 (18.2%) 0.320
no 49 (74.2%) 31 (70.5%) 18 (81.8%)
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Table 1. Cont.

Characteristics Overall (N = 66) MWA (N = 44) MWA + TACE (N = 22) p Value

HBV
yes 58 (87.9%) 39 (88.6%) 19 (86.4%) >0.999
no 8 (12.1%) 5 (11.4%) 3 (13.6%)

Tumor diameter (mm) 20.61 ± 9.59 18.36 ± 8.47 25.09 ± 10.31 0.006
BCLC

A 56 (84.8%) 39 (88.6%) 17 (77.3%) 0.396
B 10 (15.2%) 5 (11.4%) 5 (22.7%)

Tumor location
special location 48 (72.7%) 33 (75%) 15 (68.2%) 0.716

traditional location 18 (27.3%) 11 (25%) 7 (31.8%)
Tumor number

single 53 (80.3%) 39 (88.6%) 14 (63.6%) 0.038
multiple 13 (19.7%) 5 (11.4%) 8 (36.4%)

Treatment before ablation
yes 24 (36.4%) 18 (40.9%) 6(27.3%) 0.278
no 42 (63.6%) 26 (59.1%) 16(72.7%)

Baseline AFP(ng/mL) 433.81 ± 1666.24 285.50 ± 1219.54 730.44 ± 2325.90 0.310
Baseline Lymphocytes (×109/L) 1.59 ± 0.58 1.70 ± 0.61 1.37 ± 0.43 0.034

Baseline Monocytes(×109/L) 0.50 ± 0.17 0.51 ± 0.17 0.47 ± 0.18 0.452
Baseline ALB (g/L) 44.51 ± 3.21 43.86 ± 3.18 45.77 ± 2.94 0.022
Baseline ALT (U/L) 28.49 ± 14.91 30.61 ± 16.70 24.36 ± 9.64 0.061
Baseline AST (U/L) 30.06 ± 13.79 31.56 ± 15.90 27.14 ± 7.77 0.137
Baseline rGT (U/L) 60.56 ± 53.02 64.48 ± 56.12 52.73 ± 46.44 0.400
Baseline LDH(U/L) 197.89 ± 44.45 192.88 ± 43.41 207.68 ± 45.83 0.207

CD4/CD8 1.98 ± 1.21 2.04 ± 1.38 1.87 ± 0.85 0.626
IL-6 (pg/mL) 6.61 ± 7.11 7.11 ± 8.57 5.65 ± 2.71 0.474

TNF-α (pg/mL) 12.07 ± 12.21 10.43 ± 11.14 15.09 ± 13.77 0.203
Baseline ALBI −3.13 ± 0.31 −3.07 ± 0.31 −3.25 ± 0.27 0.027

Baseline CRP(mg/L) 3.10 ± 8.28 6.85 ± 16.84 2.13 ± 2.38 0.627

Median with standard deviation are shown for quantitative variables and counts with proportions are shown
for categorical variables. Tumor special location including tumor nodule in the position such as hepatic sub-
capsular, near large vessels, diaphragm and gallbladder. Abbreviations: Ref-Reference; HBV-Hepatitis B Virus
infection; AFP-alpha-fetoprotein; ALB-albumin; ALT-alanine transaminase; AST-aspartate aminotransferase;
γGT-γ-glutamyltranspeptidas; LDH-lactate dehydrogenase; ALBI-albumin–bilirubin; CRP-c-reactive protein.

3.2. Treatment Outcomes and Complications

The rate of technical success of the ablations was 100%. During the median follow-
up period of 25.07 months (95% CI, 21.85, 28.28), 6.1% of patients died. There was no
significant difference between the two groups (p = 0.396). The estimated OS rates of the
MWA group were 100% and 97% at one year and two years, respectively, and 100% and
85%, respectively, in the MWA plus TACE group (Figure 2a). A total of 37/66 (56.1%)
ablations demonstrated LTP. The median LTPt (mLTPt) was 20.10 months (95% CI, 14.67,
25.53). The 1-year and 2-year cumulative LTP incidence was 40% and 53%, respectively,
in the MWA group and 38% and 88%, respectively, in the MWA plus TACE group. RFS
occurred in 41/66 (62.1%) patients. The median RFS (mRFS) time was 13.03 months (95% CI,
6.36, 19.70). The cumulative RFS was estimated to be 45% and 38% in the MWA group,
respectively, and 61% and 15% in the MWA plus TACE group, respectively, at one year and
two years. There were no significant differences found in mLTPt (p = 0.575, Figure 2b) and
mRFS (p = 0.515, Figure 2c), but statistically significant differences were observed in 2-year
cumulative LTP (p = 0.007) and RFS (p = 0.037) incidence.
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Figure 2. The Kaplan–Meier analysis of overall survival (a), time to local tumor recurrence (b) and
recurrence-free survival (c) after MWA with or without TACE.

The adverse events were evaluated by Common Terminology Criteria for Adverse
Events (CTCAE) Version 5.0 (Department of Health and Humen services, USA). As shown
in Table 2, 80.3% of patients experienced an adverse reaction, of which the majority were
Grade 1⁄2 adverse events. Neither the Grade 1⁄2 complication rates or the Grade 3⁄4 level
adverse events were significantly different between the MWA group and the MWA plus
TACE group, 1⁄2 (p = 0.595) and 3⁄4 (p = 0.735), respectively.

Table 2. Adverse Events and Complications.

Categories Overall (N = 66) MWA (N = 44) MWA + TACE (N = 22)

Grade 1–4 level 1⁄2 level 3⁄4 level 1⁄2 level 3⁄4 level 1⁄2 level 3⁄4 level

Adverse events 53 (80.3%) 52 (78.8%) 12 (18.2%) 36 (81.8%) 7 (15.9%) 16 (72.7%) 5 (22.7%)
Fever 2 (3.0%) 2 (3.0%) 0 (0%) 1 (2.3%) 0 (0%) 1 (4.5%) 0 (0%)

Nausea or vomiting 13 (19.7%) 13 (19.7%) 0 (0%) 8 (18.2%) 0 (0%) 5 (22.7%) 0 (0%)
Fatigue 5 (7.6%) 5 (7.6%) 0 (0%) 2 (4.5%) 0 (0%) 3 (13.6%) 0 (0%)

Abdominal
pain/distension 4 (6.1%) 4 (6.1%) 0 (0%) 3 (6.8%) 0 (0%) 1 (2.3%) 0 (0%)

Total bilirubin
elevation, transient 1 (1.5%) 1 (1.5%) 0 (0%) 1 (2.3%) 0 (0%) 0 (0%) 0 (0%)

ALT elevation 45 (68.2%) 42 (63.6%) 3 (4.5%) 28 (63.6%) 2 (4.5%) 14 (63.6%) 1 (2.3%)
AST elevation 53 (80.3%) 43 (65.2%) 10 (15.2%) 30 (68.2%) 7 (15.9%) 13 (59.1%) 3 (13.6%)

3.3. Univariable and Multivariable Analyses for LTP and RFS

In the univariate analysis, Barcelona Clinic Liver Cancer (BCLC) stage (p = 0.097),
tumor location (p = 0.086), treatment before ablation (p < 0.001), baseline lymphocyte counts
(p = 0.024), baseline monocyte count (p = 0.034), TNF-α (p = 0.050) and ALBI (p = 0.064)
were taken into multivariate Cox models for LTP. As shown in Table 3, receiving treatment
before ablation (HR 4.37, 95% CI, 1.44, 13.32) and baseline ALBI (HR 4.31, 95% CI, 1.17,
15.92) independently predicted the LTPt. As shown in Table 4, treatment before ablation
was associated with RFS (p = 0.003) and was verified as an independent predictor for RFS
by multivariate analysis (HR 3.41, 95% CI, 1.49, 7.81).
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Table 3. Univariable and multivariable predictors of LTP.

Characteristics
Univariate Analysis Multivariate Analysis

HR (95% CI) p Value HR (95% CI) p Value

age 0.99 (0.96, 1.02) 0.571
Sex

male 1.00 (Ref) 0.146
female 0.50 (0.19, 1.28)

Hepatic Cirrhosis
yes 1.00 (Ref) 0.166
no 1.68 (0.81, 3.52)

Diabetes
yes 1.00 (Ref) 0.455
no 0.75 (0.35, 1.60)

Hypertension
yes 1.00 (Ref) 0.638
no 1.20 (0.56, 2.54)

HBV
yes 1.00 (Ref) 0.845
no 0.92 (0.38, 2.22)

Tumor diameter (mm) 1.01 (0.97, 1.04) 0.768
BCLC

A 1.00 (Ref) 0.097 1.00 (Ref) 0.845
B 1.96 (0.89, 4.33) 1.11 (0.40, 3.04)

Tumor location
special location 1.00 (Ref) 0.086 1.00 (Ref) 0.181

traditional location 0.53 (0.25, 1.10) 0.55 (0.23, 1.32)
Tumor number

Single 1.00 (Ref)
Multiple 1.46 (0.68, 3.14) 0.332

Treatment before ablation
no 1.00 (Ref) <0.001 1.00 (Ref) 0.009
yes 4.77 (2.05, 11.07) 4.37 (1.44, 13.32)

Baseline AFP (ng/mL) 1.00 (1.00, 1.00) 0.564
Baseline Lymphocytes (×109/L) 0.47 (0.24, 0.90) 0.024 1.32 (0.52, 3.39) 0.561

Baseline Monocytes (×109/L) 0.10 (0.01, 0.84) 0.034 0.07 (0.00, 1.45) 0.086
Baseline ALB (g/L) 0.93 (0.85, 1.03) 0.167
Baseline ALT (U/L) 0.99 (0.97, 1.02) 0.489
Baseline AST (U/L) 1.00 (0.97, 1.02) 0.732
Baseline rGT (U/L) 1.00 (0.99, 1.01) 0.798
Baseline LDH (U/L) 1.01 (0.99, 1.01) 0.19

CD4/CD8 0.89 (0.66, 1.20) 0.444
IL-6 (pg/mL) 0.98 (0.92, 1.04) 0.448

TNF-α (pg/mL) 1.03 (1.00, 1.06) 0.05 1.03 (0.99, 1.05) 0.071
Baseline ALBI 2.57 (0.95, 6.95) 0.064 4.31 (1.17, 15.92) 0.028

Baseline CRP (mg/L) 0.98 (0.94, 1.03) 0.984

Median with standard deviation are shown for quantitative variables and counts with proportions shown for
categorical variables. Tumor special location including tumor nodule in the position such as hepatic subcap-
sular and near large vessels, diaphragm or gallbladder. Abbreviations: Ref-Reference; HBV-Hepatitis B Virus
infection; AFP-alpha-fetoprotein; ALB-albumin; ALT-alanine transaminase; AST-aspartate aminotransferase;
γGT-γ-glutamyltranspeptidase; LDH-lactate dehydrogenase; ALBI-albumin–bilirubin; CRP-c-reactive protein.
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Table 4. Univariable and multivariable predictors of RFS.

Characteristics
Univariate Analysis Multivariate Analysis

HR (95% CI) p Value HR (95% CI) p Value

age 0.98 (0.95, 1.01) 0.139
Sex

male 1.00 (Ref) 0.121
female 1.99 (0.83, 4.76)

Hepatic Cirrhosis
yes 1.00 (Ref) 0.755
no 1.12 (0.55, 2.30)

Diabetes
yes 1.00 (Ref) 0.455
no 0.75 (0.36, 1.59)

Hypertension
yes 1.00 (Ref) 0.162
no 1.70 (0.81, 3.59)

HBV
yes 1.00 (Ref) 0.734
no 1.16 (0.49, 2.78)

Tumor diameter (mm) 0.98 (0.95, 1.02) 0.38
BCLC

A 1.00 (Ref) 0.373
B 1.42 (0.66, 3.09)

Tumor location
special location 1.00 (Ref) 0.705

traditional location 0.87 (0.44, 1.76)
Tumor number

single 1.00 (Ref) 0.802
multiple 1.10 (0.52, 2.31)

Treatment before ablation
no 1.00 (Ref) 0.003 1.00 (Ref) 0.004
yes 3.10 (1.47, 6.54) 3.41 (1.49, 7.81)

Baseline AFP (ng/mL) 1.00 (1.00, 1.00) 0.425
Baseline Lymphocytes (×109/L) 0.57 (0.31, 1.05) 0.07 0.95 (0.43, 2.11) 0.896

Baseline Monocytes (×109/L) 0.16 (0.02, 1.13) 0.067 0.21 (0.02, 2.51) 0.219
Baseline ALB (g/L) 0.97 (0.88, 1.06) 0.447
Baseline ALT (U/L) 1.00 (0.98, 1.03) 0.809
Baseline AST (U/L) 1.00 (0.98, 1.02) 0.904
Baseline rGT (U/L) 1.00 (0.99, 1.01) 0.430
Baseline LDH (U/L) 1.00 (0.99, 1.01) 0.984

CD4/CD8 0.86 (0.59, 1.26) 0.447
IL-6 (pg/mL) 0.98 (0.92, 1.04) 0.491

TNF-α (pg/mL) 1.02 (0.99, 1.04) 0.295
Baseline ALBI 1.86 (0.73, 4.79) 0.196

Baseline CRP (mg/L) 0.98 (0.93, 1.03) 0.435

Median with standard deviation are shown for quantitative variables and counts with proportions shown for
categorical variables. Tumor special location including tumor nodule in the position such as hepatic subcap-
sular, near large vessels, diaphragm and gallbladder. Abbreviations: Ref-Reference; HBV-Hepatitis B Virus
infection; AFP-alpha-fetoprotein; ALB-albumin; ALT-alanine transaminase; AST-aspartate aminotransferase;
γGT-γ-glutamyltranspeptidase; LDH-lactate dehydrogenase; ALBI-albumin–bilirubin; CRP-c-reactive protein.

3.4. Subgroup Analysis

In the subgroup analysis, 29/66 (43.9%) and 24/66 (36.4%) of patients had been
treated with TACE or traditional surgery, respectively, at least one month before ablation.
The univariate analysis showed that TACE (p < 0.003 and p = 0.001, respectively) and
radiotherapy (p < 0.001) were associated with LTP and RFS. In the multivariate analysis,
TACE (HR 3.92, 95% CI, 1.72, 8.93) and radiotherapy (HR 17.95 95% CI, 4.10, 78.71) were
independent predictors of LTP. The risk factors for RFS were antiangiogenic therapy (HR
2.54, 95% CI, 0.99, 8.93) and radiotherapy (HR 8.41, 95% CI, 2.29, 30.89) (Table 5).
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Table 5. Subgroup analysis of the treatment before ablation [N/(%)].

Method LTP PFS
Number HR (95% CI) p Value HR (95% CI) p Value

Univariate Analysis
TACE 29 (43.9%) 4.56 (2.14, 9.75) <0.001 2.27 (1.18, 4.35) 0.014

Thermal ablation 17 (25.8%) 1.43 (0.98, 2.08 0.063 1.73 (0.86, 3.48) 0.124
Antiangiogenic therapy 7 (10.6%) 2.19 (1.38, 3.46) 0.001 3.54 (1.45, 8.62) 0.005

Surgery 24 (36.4%) 1.05 (0.75, 1.47) 0.775 1.10 (0.58, 2.09) 0.765
Radiotherapy 3 (4.5%) 4.08 (1.98, 8.41) <0.001 8.33 (2.27, 30.54) 0.001

Multivariate Analysis
TACE 29 (43.9%) 3.92 (1.72, 8.93) 0.001 1.96 (1.00, 3.88) 0.053

Thermal ablation 17 (25.8%) 1.05 (0.43, 2.58) 0.912 —— ——
Antiangiogenic therapy 7 (10.6%) 2.59 (0.93, 7.23) 0.068 2.54 (0.99, 6.44) 0.049

Radiotherapy 3 (4.5%) 17.95 (4.10, 78.71) <0.001 8.41 (2.29, 30.89) 0.001

Only the variables found to be p ≤ 0.1 in the univariate analyses were taken into Multivariate Cox regression models.

The rate of LTP and RFS was compared between the MWA and MWA plus TACE
group after propensity score matching. As depicted in Supplemental Table S1, for mLTPt
(p = 0.945) and mRFS (p = 0.28), there were still no significant differences between the two
groups after balancing the variables.

4. Discussion

In the present study, we demonstrated that recurrence and major complication rates
of the MWA group were similar to the MWA combined with TACE group, meeting the
Milan criteria in terms of LTP and RFS. Furthermore, treatment before ablation in particular
with TACE, antiangiogenic therapy and radiotherapy were independent risk factors for
tumor recurrence.

MWA is a promising thermal technique because of its efficacy and safety. A meta-
analysis proved that MWA had a relative risk of 0.93 (95% CI, 0.78, 1.14) compared to RFA
for 1-year LTP in early HCC [25]. In previous research, 729 patients with HCC within the
Milan criteria undergoing MWA or surgical resection (SR) were analyzed retrospectively.
They identified that MWA achieved comparable long-term oncologic outcomes such as
LTP or disease-free survival (DFS) with SR for ≤4 cm HCC [7]. A randomized controlled
trial that screened 278 patients with 3–5 cm HCC reported that the one-year recurrence
rates in the TACE combined with MWA group was significantly lower than the MWA or
TACE groups [26]. However, TACE was followed by MWA after 15 days in this study.
TACE combined with simultaneous DynaCT-guided MWA was reported as an outstanding
method for the treatment of <5 cm HCC in contrast to TACE [27]. With this method, the
mean PFS was 28.22 months longer than the TACE group. Furthermore, a single tumor
less than 3 cm showed a prolonged PFS and OS when performed by the TACE combined
with MWA [15]. To our knowledge, the recurrence outcome of MWA with or without
simultaneous TACE has yet to be researched in depth. Moreover, few studies have focused
on all HCCs meeting the Milan criteria.

In the current study, the mLTPt was greater than in another recent study (20.10 vs.
9.60 months) [28], which is of note particularly because we did not exclude patients who
relapsed after receiving other antitumor therapies before ablation. Univariate and multi-
variate analyses revealed that treatment before ablation was a significant risk factor for LTP
and RFS. As shown in the subgroup analysis, patients with TACE, antiangiogenic therapy
or radiotherapy demonstrated earlier relapse. As described in a previous study, TACE was
an independent risk factor for worse PFS when used to treat HCC 5 cm or smaller [29,30].
Moreover, Salas et al. found that radiotherapy was a key factor influencing the incidence of
local recurrence in solitary fibrous tumors [31]. To the best of our knowledge, the present
study is the first to explore occurrence outcomes of HCC treated with MWA with or with-
out TACE. Patients who received treatment before ablation tended to possess poor tumor
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characteristics, and treatment such as radiotherapy may increase VEGF/plt level, which is
associated with poor outcomes [32]. This may explain the recurrence of LTP and RFS.

The treatment of MWA combined with TACE seemed to have a similar result to
MWA with regard to LTP and RFS in our results. For LTP and RFS at two years, the
late relapse rate of the combined therapy group was significantly worse than the MWA
group. However, there were differences in the baseline variables relating to tumor size,
nodule number, lymphocyte counts and ALBI. Tumor size is one of the critical factors
for complete ablation and survival. For a single tumor nodule ≤3 cm, priority should be
given to MWA over treatment with TACE [29]. However, for lesions in the range 3.1–5 cm,
this study demonstrated that MWA had similar effects as TACE in OS. A multicenter
observational study demonstrated that tumor size and number were crucial prognostic
factors for HCC with TACE [33]. Another study has also shown that lymphocyte counts
and ALBI play an important role in the carcinogenesis and progression of HCC. In our
research, the combination therapy group had larger and more numerous tumor nodules;
moreover, lymphocyte counts and ALBI were higher than in the MWA group [34,35]. This
appears to suggest that the combination treatment was superior for the prevention of tumor
recurrence. However, after balancing the variables, this was not validated. This may have
been due to the small sample size. Further studies are required to explore the possibility.
Howsoever, MWA will be effective in HCC within Milan criteria and the single procedure
doesn’t meet an early relapse.

No serious adverse events (Grade 4) were recorded for the entire follow-up period.
However, 18.2% patients suffered Grade 3 events; all of them recovered with symptomatic
treatment. This indicated that both treatment methods were safe for patients.

Some limitations were identified in the study. First, it was a single center retrospective
study with a small sample, and the two groups differed significantly on some variables.
Selection bias is inescapable; however, we used the propensity matching score to lessen
the effect. Second, 87.9% of our study cohort had an HBV infection; different etiologies
may influence tumor characteristics. Thirdly, ultrasound was used to ensure complete
ablation in the study. However, post-ablation ultrasound images may be affected by gas or
inflammatory edema around the ablation site. Three dimensional digital subtraction and an-
giography technology may eliminate the influence as previous study have reported [15,27].
This deserves further exploration. Finally, the difference of intraoperative medications
and procedures in MWA and TACE may have affected the outcome of treatment. To
minimize the differences, all procedures were performed by the same team. Therefore,
further research with a large stratified multicenter patient cohort is necessary to validate
our results.

5. Conclusions

In short, the LTP and RFS in the MWA group were comparable to that in the group
treated with MWA combined with TACE. In our results, for HCC meeting the Milan criteria,
priority should be given to MWA when making treatment choices between MWA and
MWA combined with TACE. The approach possesses further relevant advantages such
as the decrease of patient discomfort and cost savings due to unnecessary TACE is not
required. Moreover, receiving treatment before ablation was an independent risk factor
for recurrence. When patients receive prior treatment, more rigorous surveillance should
be taken to closely observe them for recurrence. Besides, further prospective studies with
larger samples are required to clarify the distinction between various treatments for HCC.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/medicina58081016/s1, Table S1. The analysis of mean LTPt and
RFS around propensity score matching. Figure S1. The procedures of TACE combined with MWA for
a 54-years-old male with HCC. (a): Preoperative CE-MRI found a tumor nodule in the subscapular of
right lobe. (b): Angiography demonstrated the location of the tumor and tumor-supplying arteries.
(c): The puncture was inserted through the tumor and performed the MWA. (d): The embolization of

https://www.mdpi.com/article/10.3390/medicina58081016/s1
https://www.mdpi.com/article/10.3390/medicina58081016/s1
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tumor-feeding branch and angiography shown that tumor staining disappeared. (e) After 1 month of
treatment, CE-MRI displayed tumor necrosis.

Author Contributions: Conceptualization, B.Z. and X.X.; methodology, B.Z., G.C. and X.H.; software,
G.C., X.H. and H.C.; validation, G.C. and S.C.; Operation, B.Z., X.X., H.C. and G.C.; formal analysis,
G.C. and H.C.; investigation, S.Z., Y.W., T.Z., X.C., H.C., Z.Z. and X.G.; resources, S.C.; data curation,
B.Z. and X.X.; writing—original draft preparation, G.C. and X.H.; writing—review and editing, G.C.,
X.X. and B.Z.; visualization, H.C. and X.H.; supervision, X.X. and B.Z.; project administration, G.C.;
funding acquisition, B.Z. and G.C.; All authors have read and agreed to the published version of
the manuscript.

Funding: This study was supported by grants from Key Program of Xiamen Medical and Health (grant
number 3502Z20191105) and Health Youth Scientific research project in Fujian (grant number 2019-2-64).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the ethics committees of Xiamen Branch, Zhongshan hospital, Fudan
university (approval number B2019-010 and 14 January 2019).

Informed Consent Statement: Informed consent was not required from patients because retrospec-
tively collected data were anonymized and waived for the analysis.

Data Availability Statement: The data presented in this study are available from the corresponding
authors. The data are not publicly available due to privacy restrictions.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Xie, D.Y.; Ren, Z.G.; Zhou, J.; Fan, J.; Gao, Q. 2019 Chinese clinical guidelines for the management of hepatocellular carcinoma:

Updates and insights. Hepatobiliary Surg. Nutr. 2020, 9, 452–463. [CrossRef] [PubMed]
3. European Association for the Study of the Liver. EASL Clinical Practice Guidelines: Management of hepatocellular carcinoma.

J. Hepatol. 2018, 69, 182–236. [CrossRef] [PubMed]
4. Heimbach, J.K.; Kulik, L.M.; Finn, R.S.; Sirlin, C.B.; Abecassis, M.M.; Roberts, L.R.; Zhu, A.X.; Murad, M.H.; Marrero, J.A. AASLD

guidelines for the treatment of hepatocellular carcinoma. Hepatology 2018, 67, 358–380. [CrossRef] [PubMed]
5. Finn, R.S.; Zhu, A.X. Evolution of Systemic Therapy for Hepatocellular Carcinoma. Hepatology 2021, 73, 150–157. [CrossRef]
6. El-Serag, H.B.; Mason, A.C. Rising incidence of hepatocellular carcinoma in the United States. N. Engl. J. Med. 1999, 340, 745–750.

[CrossRef] [PubMed]
7. Dou, J.; Cheng, Z.; Han, Z.; Liu, F.; Wang, Z.; Yu, X.; Yu, J.; Liang, P. Microwave ablation vs. surgical resection for treatment naive

hepatocellular carcinoma within the Milan criteria: A follow-up of at least 5 years. Cancer. Biol. Med. 2021. [CrossRef]
8. Llovet, J.M.; De Baere, T.; Kulik, L.; Haber, P.K.; Greten, T.F.; Meyer, T.; Lencioni, R. Locoregional therapies in the era of molecular

and immune treatments for hepatocellular carcinoma. Nat. Rev. Gastroenterol. Hepatol. 2021, 18, 293–313. [CrossRef] [PubMed]
9. Andreano, A.; Huang, Y.; Meloni, M.F.; Lee, F.T., Jr.; Brace, C. Microwaves create larger ablations than radiofrequency when

controlled for power in ex vivo tissue. Med. Phys. 2010, 37, 2967–2973. [CrossRef] [PubMed]
10. Smolock, A.R.; Shaw, C. Hepatic Microwave Ablation in Challenging Locations. Semin. Interv. Radiol. 2019, 36, 392–397. [CrossRef]
11. Yu, J.; Yu, X.L.; Han, Z.Y.; Cheng, Z.G.; Liu, F.Y.; Zhai, H.Y.; Mu, M.J.; Liu, Y.M.; Liang, P. Percutaneous cooled-probe microwave

versus radiofrequency ablation in early-stage hepatocellular carcinoma: A phase III randomised controlled trial. Gut 2017,
66, 1172–1173. [CrossRef] [PubMed]

12. Facciorusso, A.; Abd El Aziz, M.A.; Tartaglia, N.; Ramai, D.; Mohan, B.P.; Cotsoglou, C.; Pusceddu, S.; Giacomelli, L.; Ambrosi, A.;
Sacco, R. Microwave Ablation Versus Radiofrequency Ablation for Treatment of Hepatocellular Carcinoma: A Meta-Analysis of
Randomized Controlled Trials. Cancers 2020, 12, 3796. [CrossRef] [PubMed]

13. Wang, Z.L.; Liang, P.; Dong, B.W.; Yu, X.L.; Yu, D.J. Prognostic factors and recurrence of small hepatocellular carcinoma after
hepatic resection or microwave ablation: A retrospective study. J. Gastrointest. Surg. 2008, 12, 327–337. [CrossRef]

14. Chang, Y.; Jeong, S.W.; Young Jang, J.; Jae Kim, Y. Recent Updates of Transarterial Chemoembolilzation in Hepatocellular
Carcinoma. Int. J. Mol. Sci. 2020, 21, 8165. [CrossRef] [PubMed]

15. Li, Z.; Hao, D.; Jiao, D.; Zhang, W.; Han, X. Transcatheter Arterial Chemoembolization Combined with Simultaneous Cone-beam
Computed Tomography-guided Microwave Ablation in the Treatment of Small Hepatocellular Carcinoma: Clinical Experiences
From 50 Procedures. Acad. Radiol. 2021, 28, S64–S70. [CrossRef] [PubMed]

16. Huang, J.; Huang, W.; Guo, Y.; Cai, M.; Zhou, J.; Lin, L.; Zhu, K. Risk Factors, Patterns, and Long-Term Survival of Recurrence
After Radiofrequency Ablation With or Without Transarterial Chemoembolization for Hepatocellular Carcinoma. Front. Oncol.
2021, 11, 638428. [CrossRef]

http://doi.org/10.3322/caac.21660
http://doi.org/10.21037/hbsn-20-480
http://www.ncbi.nlm.nih.gov/pubmed/32832496
http://doi.org/10.1016/j.jhep.2018.03.019
http://www.ncbi.nlm.nih.gov/pubmed/29628281
http://doi.org/10.1002/hep.29086
http://www.ncbi.nlm.nih.gov/pubmed/28130846
http://doi.org/10.1002/hep.31306
http://doi.org/10.1056/NEJM199903113401001
http://www.ncbi.nlm.nih.gov/pubmed/10072408
http://doi.org/10.20892/j.issn.2095-3941.2020.0625
http://doi.org/10.1038/s41575-020-00395-0
http://www.ncbi.nlm.nih.gov/pubmed/33510460
http://doi.org/10.1118/1.3432569
http://www.ncbi.nlm.nih.gov/pubmed/20632609
http://doi.org/10.1055/s-0039-1697003
http://doi.org/10.1136/gutjnl-2016-312629
http://www.ncbi.nlm.nih.gov/pubmed/27884919
http://doi.org/10.3390/cancers12123796
http://www.ncbi.nlm.nih.gov/pubmed/33339274
http://doi.org/10.1007/s11605-007-0310-0
http://doi.org/10.3390/ijms21218165
http://www.ncbi.nlm.nih.gov/pubmed/33142892
http://doi.org/10.1016/j.acra.2020.08.036
http://www.ncbi.nlm.nih.gov/pubmed/33060007
http://doi.org/10.3389/fonc.2021.638428


Medicina 2022, 58, 1016 12 of 12

17. Yao, F.Y.; Ferrell, L.; Bass, N.M.; Bacchetti, P.; Ascher, N.L.; Roberts, J.P. Liver transplantation for hepatocellular carcinoma:
Comparison of the proposed UCSF criteria with the Milan criteria and the Pittsburgh modified TNM criteria. Liver. Transplant.
2002, 8, 765–774. [CrossRef]

18. Johnson, P.J.; Berhane, S.; Kagebayashi, C.; Satomura, S.; Teng, M.; Reeves, H.L.; O’Beirne, J.; Fox, R.; Skowronska, A.;
Palmer, D.; et al. Assessment of liver function in patients with hepatocellular carcinoma: A new evidence-based approach-
the ALBI grade. J. Clin. Oncol. 2015, 33, 550–558. [CrossRef]

19. Iezzi, R.; Pompili, M.; Gasbarrini, A.; Bonomo, L. Sequential or combined treatment? That is the question. Radiology 2014,
272, 612–613. [CrossRef]

20. Renzulli, M.; Peta, G.; Vasuri, F.; Marasco, G.; Caretti, D.; Bartalena, L.; Spinelli, D.; Giampalma, E.; D’Errico, A.; Golfieri, R.
Standardization of conventional chemoembolization for hepatocellular carcinoma. Ann. Hepatol. 2021, 22, 100278. [CrossRef]

21. Lencioni, R.; Llovet, J.M. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin. Liver Dis. 2010, 30, 52–60.
[CrossRef]

22. Tovoli, F.; Renzulli, M.; Negrini, G.; Brocchi, S.; Ferrarini, A.; Andreone, A.; Benevento, F.; Golfieri, R.; Morselli-Labate, A.M.;
Mastroroberto, M.; et al. Inter-operator variability and source of errors in tumour response assessment for hepatocellular
carcinoma treated with sorafenib. Eur. Radiol. 2018, 28, 3611–3620. [CrossRef]

23. Chen, G.; Xie, X.; Wang, M.; Guo, X.; Zhang, Z.; Zhang, L.; Zhang, B. Prognostic Significance of Tumor Growth Rate (TGR)
in Patients with Huge Hepatocellular Carcinoma Undergoing Transcatheter Arterial Chemoembolization. Curr. Oncol. 2022,
29, 423–432. [CrossRef]

24. Rubin, D.B. Estimating causal effects from large data sets using propensity scores. Ann. Intern. Med. 1997, 127, 757–763. [CrossRef]
25. Gupta, P.; Maralakunte, M.; Kumar, M.P.; Chandel, K.; Chaluvashetty, S.B.; Bhujade, H.; Kalra, N.; Sandhu, M.S. Overall survival

and local recurrence following RFA, MWA, and cryoablation of very early and early HCC: A systematic review and Bayesian
network meta-analysis. Eur. Radiol. 2021, 31, 5400–5408. [CrossRef]

26. Zaitoun, M.M.A.; Elsayed, S.B.; Zaitoun, N.A.; Soliman, R.K.; Elmokadem, A.H.; Farag, A.A.; Amer, M.; Hendi, A.M.;
Mahmoud, N.E.M.; Salah El Deen, D.; et al. Combined therapy with conventional trans-arterial chemoembolization (cTACE) and
microwave ablation (MWA) for hepatocellular carcinoma >3–<5 cm. Int. J. Hyperth. 2021, 38, 248–256. [CrossRef]

27. Li, Z.; Jiao, D.; Han, X.; Si, G.; Li, Y.; Liu, J.; Xu, Y.; Zheng, B.; Zhang, X. Transcatheter arterial chemoembolization combined
with simultaneous DynaCT-guided microwave ablation in the treatment of small hepatocellular carcinoma. Cancer Imaging 2020,
20, 13. [CrossRef]

28. Hermida, M.; Cassinotto, C.; Piron, L.; Aho-Glele, S.; Guillot, C.; Schembri, V.; Allimant, C.; Jaber, S.; Pageaux, G.P.;
Assenat, E.; et al. Multimodal Percutaneous Thermal Ablation of Small Hepatocellular Carcinoma: Predictive Factors of
Recurrence and Survival in Western Patients. Cancers 2020, 12, 313. [CrossRef]

29. Cui, R.; Wang, X.H.; Ma, C.; Liu, T.; Cheng, Z.G.; Han, Z.Y.; Liu, F.Y.; Yu, X.L.; Yu, J.; Liang, P. Comparison of Microwave Ablation
and Transarterial Chemoembolization for Single-Nodule Hepatocellular Carcinoma Smaller Than 5cm: A Propensity Score
Matching Analysis. Cancer Manag. Res. 2019, 11, 10695–10704. [CrossRef]

30. Lee, S.H.; Jin, Y.J.; Lee, J.W. Survival benefit of radiofrequency ablation for solitary (3-5 cm) hepatocellular carcinoma: An analysis
for nationwide cancer registry. Medicine 2017, 96, e8486. [CrossRef] [PubMed]

31. Salas, S.; Resseguier, N.; Blay, J.Y.; Le Cesne, A.; Italiano, A.; Chevreau, C.; Rosset, P.; Isambert, N.; Soulie, P.; Cupissol, D.; et al.
Prediction of local and metastatic recurrence in solitary fibrous tumor: Construction of a risk calculator in a multicenter cohort
from the French Sarcoma Group (FSG) database. Ann. Oncol. 2017, 28, 1979–1987. [CrossRef]

32. Suh, Y.G.; Lee, E.J.; Cha, H.; Yang, S.H.; Seong, J. Prognostic values of vascular endothelial growth factor and matrix
metalloproteinase-2 in hepatocellular carcinoma after radiotherapy. Dig. Dis. 2014, 32, 725–732. [CrossRef]

33. Wang, Q.; Xia, D.; Bai, W.; Wang, E.; Sun, J.; Huang, M.; Mu, W.; Yin, G.; Li, H.; Zhao, H.; et al. Development of a prognostic
score for recommended TACE candidates with hepatocellular carcinoma: A multicentre observational study. J. Hepatol. 2019,
70, 893–903. [CrossRef] [PubMed]

34. Carr, B.I.; Bag, H.G.; Ince, V.; Akbulut, S.; Ersan, V.; Usta, S.; Isik, B.; Ogut, Z.; Tuncer, A.; Yilmaz, S. A Combination of
Blood Lymphocytes and AST Levels Distinguishes Patients with Small Hepatocellular Carcinomas from Non-cancer Patients.
J Gastrointest. Cancer 2021, 52, 1211–1216. [CrossRef] [PubMed]

35. Ni, J.Y.; Fang, Z.T.; An, C.; Sun, H.L.; Huang, Z.M.; Zhang, T.Q.; Jiang, X.Y.; Chen, Y.T.; Xu, L.F.; Huang, J.H. Comparison of
albumin-bilirubin grade, platelet-albumin-bilirubin grade and Child-Turcotte-Pugh class for prediction of survival in patients
with large hepatocellular carcinoma after transarterial chemoembolization combined with microwave ablation. Int. J. Hyperth.
2019, 36, 841–853. [CrossRef]

http://doi.org/10.1053/jlts.2002.34892
http://doi.org/10.1200/JCO.2014.57.9151
http://doi.org/10.1148/radiol.14140678
http://doi.org/10.1016/j.aohep.2020.10.006
http://doi.org/10.1055/s-0030-1247132
http://doi.org/10.1007/s00330-018-5393-3
http://doi.org/10.3390/curroncol29020038
http://doi.org/10.7326/0003-4819-127-8_Part_2-199710151-00064
http://doi.org/10.1007/s00330-020-07610-1
http://doi.org/10.1080/02656736.2021.1887941
http://doi.org/10.1186/s40644-020-0294-5
http://doi.org/10.3390/cancers12020313
http://doi.org/10.2147/CMAR.S213581
http://doi.org/10.1097/MD.0000000000008486
http://www.ncbi.nlm.nih.gov/pubmed/29095307
http://doi.org/10.1093/annonc/mdx250
http://doi.org/10.1159/000368010
http://doi.org/10.1016/j.jhep.2019.01.013
http://www.ncbi.nlm.nih.gov/pubmed/30660709
http://doi.org/10.1007/s12029-021-00740-9
http://www.ncbi.nlm.nih.gov/pubmed/34762264
http://doi.org/10.1080/02656736.2019.1646927

	Introduction 
	Materials and Methods 
	Study Population 
	MWA Procedure 
	TACE Combined with MWA Procedure 
	Follow-Up 
	Evaluation of Therapeutic Outcomes 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Treatment Outcomes and Complications 
	Univariable and Multivariable Analyses for LTP and RFS 
	Subgroup Analysis 

	Discussion 
	Conclusions 
	References

