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Objective: To systematically determine the treatment outcomes of percutaneous microwave ablation (MWA) in patients with
malignant renal tumor.

Materials and Methods: Original studies that reported the clinical outcomes of MWA in patients with malignant renal
tumors were identified in MEDLINE and EMBASE from 2012 to June 30, 2017. Inverse variance and random-effects models
were used to evaluate and acquire meta-analytic summary estimates of various clinical outcomes, including technical
outcomes (technical success rate [TSR] and technical efficacy rate [TER]), oncologic outcomes (local tumor recurrence rate
[LRR], cancer-specific survival rate [CSSR], and overall survival rate [OSR]), and complications.

Results: Among the 145 articles screened, 13 articles including 567 patients carrying 616 malignant renal tumors were
included in the meta-analysis. The meta-analytic pooled TSR and TER were 97.3% (95% confidence interval, 94.3-99.4%; I?
= 0.0%) and 97.6% (95.0-99.4%, I* = 48.5%), respectively. The meta-analytic pooled LRR was 2.1% (0.3-4.7%, I =
54.1%). At 1-, 2-, 3-, and 5-year follow-up time points, the meta-analytic pooled CSSRs were 99.1% (97.2-100.0%; I* =
0.0%), 98.4% (95.1-100.0%; I* = 31.2%), 97.6% (93.4-99.9%; I* = 52.3%), and 96.9% (93.3-99.2%; I* = 0.0%)
respectively, while the OSRs were 98.3% (96.1-99.8%; I* = 0.0%), 94.9% (91.7-97.5%; I* = 0.0%), 86.8% (81.9-91.1%; I?
= 22.1%), and 81.9% (75.4-87.6%; I* = 0.0%). In terms of major complications, a 1.8% (0.6-3.3%; I* = 0.0%) rate of
meta-analytic pooled incidence was found.

Conclusion: Microwave ablation showed favorable technical and oncologic outcomes with a low incidence of major
complications. Hence, image-guided percutaneous MWA can be considered as a safe and effective treatment for malignant
renal tumors.

Keywords: Kidney; Cancer; Malignancy; Renal cell carcinoma; Microwave; Ablation; Therapy; Efficacy; Complication

INTRODUCTION

Received November 16, 2017; accepted after revision February 10,
2018.

This study was supported by a grant of the Korea Health
Technology R&D Project through the Korea Health Industry
Development Institute (KHIDI), funded by the Ministry of Health
& Welfare, Republic of Korea (grant number : HI17C1862).

*These authors contributed equally to this work.

Corresponding author: Jin Hyoung Kim, MD, PhD, Department of
Radiology and Research Institute of Radiology, University of Ulsan
College of Medicine, Asan Medical Center, 88 Olympic-ro 43-gil,
Songpa-gu, Seoul 05505, Korea.

o Tel: (822) 3010-4400 © Fax: (822) 476-4719

® E-mail: mifenew@daum.net

This is an Open Access article distributed under the terms of

the Creative Commons Attribution Non-Commercial License
(https://creativecommons.org/licenses/by-nc/4.0) which permits
unrestricted non-commercial use, distribution, and reproduction in
any medium, provided the original work is properly cited.

938

Renal cell carcinoma (RCC) is the most frequent malignant
renal tumor, with 30000 new cases diagnosed every year
in the United States alone (1). Surgical resection is the
standard treatment for patients with clinical stage T1a RCC,
with increasing emphasis on nephron-sparing approaches
(2, 3) including open or laparoscopic partial nephrectomy
and percutaneous thermal ablations, i.e., radiofrequency
ablation (RFA), cryoablation, and microwave ablation (MWA).
As percutaneous thermal ablation is minimally invasive,
with decreased operative time, and reduced hospital stay
and inherent surgical risks, it has become an effective and
safe treatment option for renal tumors (4).

Microwave ablation is a heat-based modality with a
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mechanism of cell death identical to that of other thermal
ablation techniques, but which offers several physical
advantages associated with the delivery of heat (5, 6). As
MWA has several advantages over RFA, including higher
intratumoral temperatures, larger ablation volumes,

and quicker ablation (7), multiple studies have recently
investigated and reported the efficacy and safety of MWA
(4, 8-19). However, the results were varied, and most of the
studies included a small number of patients, with limited
precision of the estimated efficacy and safety of MWA.

To overcome these limitations, two meta-analyses of the
efficacy and safety of MWA were conducted. One of them
included only a single MWA study that compared clinical
outcomes between surgical nephrectomy and thermal
ablation (20). The other meta-analysis included seven
MWA studies: three related to percutaneous image-guided
MWA and four involving retroperitoneoscopic MWA (21).
This meta-analysis included studies which were published
between 2010 and 2012. However, 13 percutaneous MWA
studies were published after this meta-analysis (since 2012)
(4, 8-12, 15-19). Hence, we believe that it is timely and
important to establish a systematic summary regarding
the efficacy and safety of MWA for the management of
malignant renal tumor. The findings of such a study will
facilitate current management and evidence-based practices.

Thus, we aimed to systematically determine the treatment
outcomes of percutaneous MWA in patients with malignant
renal tumor.

MATERIALS AND METHODS

This study followed the Meta-analysis of Observational
Studies in Epidemiology (22) and the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses guidelines
(23, 24). Institutional Review Board approval was not
required for this study.

Literature Search Strategy

A thorough search of PubMed/MEDLINE and EMBASE
databases was conducted to identify original research
articles investigating the clinical outcomes of MWA in
patients with a malignant renal tumor. The search query
was designed to provide a sensitive literature search, to
avoid overlooking any relevant articles. Subsequently, a
manual evaluation of the searched articles was performed
to determine the relevant studies. The following search
terms were used: (microwave) AND (RFA OR ablation) AND
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(carcinoma, renal cell OR RCC OR renal cell carcinoma OR
clear cell carcinoma OR renal cancer OR renal tumor OR
kidney cancer) AND (recur* OR efficacy OR outcome).

No beginning date limit was set. The literature search
was continuously updated until the end of June 2017.
The search was restricted to human subjects and
English-language studies. To expand the search, article
bibliographies that were considered valid according to
the selection criteria were screened for other potentially
suitable articles.

Eligibility Criteria

After removing duplicate articles, the remainder were
reviewed for the following components to determine
eligibility: 1) patients with malignant renal tumor; 2)
treatment with percutaneous image-guided MWA and
follow-up of the lesions after treatment; 3) no comparison
requirements; 4) technical outcomes (technical success
rate [TSR] and technical efficacy rate [TER]), oncologic
outcomes (local tumor recurrence rate [LRR], cancer-specific
survival rate [CSSR], and overall survival rate [OSR]), and
complications; and 5) any type of study design.

Further exclusion criteria were: 1) case reports, review
articles, editorials, letters, comments, and conference
abstracts/proceedings; 2) research articles published before
2012, and 3) studies with overlapping patients and data.
In cases involving duplicate data, they were included
only once in this study by selecting the study with more
comprehensive results. Articles were first screened by their
titles and abstracts. The full texts of the articles were
reviewed after selecting potentially eligible abstracts.

Both steps were performed by two independent reviewers
who had expertise in the subject matter and in performing
systematic literature reviews. The two reviewers eliminated
only those articles that were clearly ineligible. Articles

with ambiguity or that generated differences in opinion
between the two independent reviewers were re-evaluated
through a consensus discussion with a third reviewer (who
also had experience in the subject matter and in performing
systematic literature reviews).

Data Extraction

The following data were extracted onto a predefined data
form: 1) study characteristics including authors, year of
publication, institution, country of origin, study period,
and study design (prospective vs. retrospective); 2) patient
characteristics including age, sex, the number of patients,
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and indication; 3) tumor characteristics including the
number of lesions and tumor size; 4) ablation technique; 5)
follow-up protocol and follow-up length; and 6) technical
outcomes (TSR and TER), oncologic outcomes (LRR, CSSR,
and OSR), and complications. Each numerical result was
directly extracted when specifically reported. Technical
success was defined as correct positioning of the antenna
inside the lesion targeted for ablation and subsequent
complete ablation, as shown on imaging tests immediately
after the MWA session (8, 17). Technical effectiveness

was defined as the absence of thermo-ablative residues in
contrast-enhanced computed tomography (CT) performed 1
month after MWA treatment (8, 17, 25). Oncologic outcomes
including CSSR and OSR were obtained using Kaplan-Meier
curves, or calculated using the follow-up results when this
value was not reported. CSSR refers to the proportion of
patients who survived or dead for reasons other than RCC
after the defined follow-up time, and OSR refers to the
proportion of patients who were alive after the defined
follow-up time (8, 17). As the studies that directly reported
the oncologic results at 1-, 2-, 3-, or 5-year follow-up
intervals, the extraction of numerical data was performed at
these follow-up time points. Complications were defined as
major or minor according to the Society of Interventional
Radiology classifications. Two reviewers independently
performed data extraction with all discrepancies resolved at
a consensus meeting in the presence of a third reviewer.

Assessment of Study Quality

The Newcastle-Ottawa Scale (NOS) was used to assess
the quality of each cohort study. Quality assessment
included three broad domains: 1) selection (up to 4 stars),
2) comparability (up to 2 stars), and 3) outcome (up to 3
stars). The maximum score assigned by the NOS is 9 stars.
Two reviewers independently evaluated the quality, with all
discrepancies resolved through a consensus discussion with
a third reviewer not involved with the included studies.

Data Synthesis and Statistical Analysis

Meta-Analytic Pooling of the Treatment Outcomes

The pooled proportions of the technical and oncologic
outcomes, and complications were adopted as the main
indices for this meta-analysis to evaluate treatment
outcomes of MWA in patients with suspected malignant
renal tumor. Technical outcomes included TSR and TER.
Oncologic outcomes included LRR, CSSR, and OSR. The CSSR
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and OSR were assessed at each follow-up time point, i.e.,
1, 2, 3, and 5 years. Complications included the incidence
of major and minor complications. Subgroup analysis
was performed according to the type of image guidance
(ultrasonography [US] vs. CT).

For the meta-analysis, the inverse variance method was
used to calculate weights. The cumulative incidence and
its 95% confidence interval (CI) were obtained using a
restricted maximum-likelihood estimation of random effects
model. Study heterogeneity was assessed using the Cochrane
Q-test and Higgins I statistics. A p value < 0.10 in the
Q-test indicated substantial heterogeneity. I? was interpreted
as suggested in the literature: 0-25%, might not be
important; 25-50%, low heterogeneity; 50-75%, moderate
heterogeneity; and 75-100%, high heterogeneity (26, 27).

Analysis of Publication Bias

Publication bias was visually assessed using a funnel plot,
and its statistical significance was tested using a mixed-
effects meta-regression model.

R version 3.1.2 (The R Foundation for Statistical
Computing, Vienna, Austria) with the ‘metafor’ package was
used for the analyses.

RESULTS

Literature Search

Our literature search process is outlined in Figure 1.

A total of 145 articles were screened after removal of
the duplicate articles. Of these 145 articles, 125 were
excluded on the basis of their titles and abstracts. Seven
additional articles were excluded after reviewing the

full text (Supplementary Table 1 in the online-only Data
Supplement). Finally, the remaining 13 articles involving
567 patients with 616 malignant renal tumors met the
eligibility criteria and were included (Table 1).

All studies had a retrospective study design. Eight studies
were reported from Western countries (4, 8, 9, 14, 15, 17-
19) and five from Eastern countries (10-13, 16). In nine
studies, the mean tumor size was less than 3.0 cm (4, 8-11,
15, 17-19). For technical outcomes, six studies reported
TSR (4, 8, 14, 15, 17, 19) and 13 studies reported TER (4,
8-19). For oncologic outcomes, 13 studies reported LRR (4,
8-19), seven studies reported CSSR (8, 10, 12-14, 17, 18),
and eight studies reported OSR (8, 10, 12-15, 17, 18). All
13 studies reported various major or minor complications
post-MWA (4, 8-19).
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‘Records identified through Pubmed MEDLINE searching (n = 83)‘ ‘ Records identified through EMBASE searching (n = 155)

Y Y

‘ Records after duplicates removed (n = 145) ‘

v

‘ Records screened by title and abstract (n = 145) ‘»

Records excluded (n = 125)

27 articles published before 2012

29 articles not within field of interest of this study

67 case report, review article, editorial, letter,
comment, or conference proceedings

2 animal studies

A
Full-text articles assessed for eligibility (n = 20) > Full-text articles excluded, with reasons (n =7)

3 articles not within field of interest of this study,
\ i.e., no image guided ablation (n = 1),
angiomyolipoma (n = 2)
2 articles, patients of which were also included in
13 studies including 567 patients with 616 another later published article
malignant renal tumors 2 non-English articles

Articles included in analysis (n = 13)

Fig. 1. Flow diagram outlining article selection process. Article may have been excluded for multiple reasons, but only one major reason
per article is presented.

Study Technical succes (95% CI)  Study Technical efficacy (95% CT)
Carrafiello et al. (8) —« 100.0 (76.8-100.0)  Carrafiello et al. (8) ——= 100.0 (76.8-100.0)
Horn et al. (4) —= 100.0 (88.8-100.0)
B Moreland et al. (9) - 100.0 (96.9-100.0)
Horn et al. (4) —= 100.0 (88.8-100.0) Yu et al. (10) = 100.0 (98.4-100.0)
Chen et al. (11) —= 100.0 (94.5-100.0)
Wells et al. (14) —= 96.7 (86.3-100.0) Gao et al. (12) —s—  92.7 (82.3-100.0)
Li et al. (13) —s 100.0 (91.6-100.0)
Chan et al. (15) —+  95.2 (89.3-98.9) Wells et al. (14) —=  96.7 (86.3-100.0)
Chan et al. (15) —a— 88.1 (80.2-100.0)
Terardi et al. (17) + 100.0 (97.1-100.0)  Cheng et al. (16) —= 100.0 (93.2-100.0)
Terardi et al. (17) ——  93.1(84.9-98.5)
. Klapperich et al. (18) = 100.0 (98.3-100.0)
Mansilla et al. (19) = 93.3(837-991)  ansilla et al. (19) - 100.0 (96.2-100.0)
@ 97.3 (94.3-99.4) * 97.6(95.0-99.4)
\ \ \ \ | \ \ \ \ \
0 25 50 75 100 0 25 50 75 100
Proportion Proportion

Fig. 2. Meta-analytic summary of technical outcomes. Forest plots for technical success rate (left) and technical efficacy rate (right). Study
ID provides first author’s name and year of publication. Diamond marker indicates meta-analytic summary estimate. CI = confidence interval

Ultrasonography was used for imaging guidance in five NOS assessment (68 stars out of 9). As none of the studies
studies (10-13, 16), CT in five studies (4, 9, 14, 15, 19), included a non-exposed cohort, we could not evaluate the
and both CT and US in three studies (8, 17, 18). The power  question on selection of the non-exposed cohort. Of the
of ablation was 50 W or more in eight studies (9-14, 16, total 13 studies, 8 were of a high quality with more than 7

18) and 45 W in one study (8), and three studies failed to stars. Within the three domains, a notable area of quality
indicate specifically the details of ablation generator power  concern was the outcome domain, because of insufficient

(4, 15, 19). follow-up duration.
Study Quality Technical Outcomes

The results of the assessment of study quality are The technical outcomes reported in the 13 individual
summarized in Supplementary Figure 1 (in the online- studies, including TSR and TER, are summarized in Figure 2.
only Data Supplement). All studies were well-designed The meta-analytic pooled TSR and TER were 97.3% (95% CI,
cohorts with moderate-to-high quality according to the 94.3-99.4%, I? = 0.0%) and 97.6% (95% CI, 95.0-99.4%, I*
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Table 2. Oncologic Outcomes Reported in Individual Studies at 1-, 2-, 3-, and 5-Year Follow-Up Times

Author (Year of No. of LRR Cancer-Specific Survival (%) Overall Survival (%)

Publication) Patients (%) 1-Year 2-Year 3-Year 5-Year 1-Year 2-Year 3-Year 5-Year
Carrafiello (2013) (8) 7 0.0 100.0 100.0 - - 100.0 100.0 - -
Horn (2014) (4) 14 6.7 - - - - - - - -
Moreland (2014) (9) 53 0.0 - - - - - - - -
Yu (2015) (10) 98 1.0 97.0 97.0 97.0 97.0 98.3 93.3 82.6 82.6
Chen (2016) (11) 29 0.0 - - - - - - - -
Gao (2016) (12) 41 17.1 100.0 93.3 93.3 - 97.1 87.8 83.6 -
Li (2016) (13) 20 5.0 100.0 100.0 - - 100.0 100.0 - -
Wells (2016) (14) 29 0.0 97.0 - - - 93.0 - - -
Chan (2017) (15) 62 3.6 - - - - 100.0 97.0 - -
Cheng (2017) (16) 24 0.0 - - - - - - - -
Terardi (2017) (17) 96 5.2 - - - 96.5 96.2 93.9 88.0 80.6
Klapperich (2017) (18) 58 1.0 100.0 100.0 100.0 - - - 91.0 -
Mansilla (2017) (19) 36 0.0 - - - - - - - -
Meta-analytic 2.1 99.1 98.4 97.6 96.9 98.3 94.9 86.8 81.9

summary estimates

(0.3, 4.7) (97.2,100) (95.1, 100) (93.4, 99.9) (93.3, 99.2) (96.1, 99.8) (91.7, 97.5) (81.9, 91.1) (75.4, 87.6)

LRR = local tumor recurrence rate

= 48.5%), respectively. No substantial study heterogeneity
was observed in either outcome.

Oncologic Outcomes

The oncologic outcomes reported in the 13 individual
studies, including LRR, CSSR, and OSR are summarized in
Table 2. the meta-analytic pooled LRR was 2.1% (95%
(I, 0.3-4.7%, I?= 54.1%) (Supplementary Fig. 2 in the
online-only Data Supplement). Six of 13 studies reported
no local tumor recurrence. The meta-analytic pooled CSSRs
at 1-, 2-, 3-, and 5-year follow-up were 99.1% (95% (I,
97.2-100.0%; I? = 0.0%), 98.4% (95% CI, 95.1-100.0%;
I2 = 31.2%), 97.6% (95% CI, 93.4-99.9%; I? = 52.3%),
and 96.9% (95% CI, 93.3-99.2%; I* = 0.0%), respectively
(Fig. 3A). The meta-analytic pooled OSRs at the 1-, 2-, 3-,
and 5-year follow-up were 98.3% (95% (I, 96.1-99.8%;
I? = 0.0%), 94.9% (95% CI, 91.7-97.5%; I = 0.0%),
86.8% (95% CI, 81.9-91.1%; I’ = 22.1%), and 81.9%
(95% CI, 75.4-87.6%; I* = 0.0%), respectively (Fig. 3B).
Moderate study heterogeneity was observed in terms of
the 3-year CSSR. However, there was no substantial study
heterogeneity in CSSR at the other follow-up time points, or
in OSR at any of the time points.

Complications

The meta-analytic pooled incidences of major and minor
complications were 1.8% (95% CI, 0.6-3.3%; I* = 0.0%)
and 17.5% (95% CI, 5.8-33.4%; I* = 90.1%), respectively
(Fig. 4). The incidence of major complications did not show

kjronline.org Korean J Radiol 19(5), Sep/Oct 2018

any substantial heterogeneity, whereas minor complications
showed high heterogeneity. The specific major and minor
complications are summarized in Table 3.

Subgroup Analysis according to the Type of Image
Guidance

The results for subgroup analysis are summarized in Table
4. The meta-analytical pooled TSR, CSSR, OSR values for CT
were not calculated due to the lack of data from 13 included
articles. The meta-analytic pooled TER for US was 96.5%
(95% CI, 91.2-99.7%; I* = 55.3%), which was similar to
that of CT, 98.2% (95% CI, 94.7-99.9%; I° = 31.8%). The
meta-analytic pooled LRRs for US and CT were 1.8% (95%
(I, 0.2-4.4%; I* = 0.0%) and 3.9% (95% CI, 0.2-10.7%; T?
= 65.3%), respectively. The meta-analytic pooled incidences
of major and minor complications for US were 1.8% (95%
(I, 0.1-4.7%; I* = 0.0%) and 9.9% (95% CI, 5.8-14.7%; T*
= 0.0%), respectively, and those for CT were 2.1% (95% (I,
0.3-4.9%; I* = 0.0%) and 20.2% (95% CI, 0.8-52.6%; I* =
95.4%), respectively.

Publication Bias
No significant publication bias was detected for the

various study outcomes, except for the LRR (Supplementary
Fig. 3 in the online-only Data Supplement).

DISCUSSION

This study showed that MWA had overall excellent
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technical outcomes for 567 patients with 616 malignant

renal tumors, with a meta-analytic summary TSR of

97.3% (95% CI, 94.3-99.4%) and TER of 97.6% (95% CI,
95.0-99.4%). MWA also showed good oncologic outcomes,
with a meta-analytic summary LRR of 2.1% (95% CI,
0.3-4.7%), and a CSSR of 96.9% (95% (I, 93.3-99.2%) at

Choi et al.

the 5-year follow-up time point, and an OSR of 81.9% (95%
(I, 75.4-87.6%) at the 5-year follow-up time point.
Compared with a previous meta-analysis (21), the present
study showed higher TER (97.6% vs. 91.3%), higher CSSR
(98.4% at the 2-year follow-up vs. 96.8% at the 18-month
follow-up), and lower LRR (2.1% vs. 2.5%), which are
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Fig. 3. Meta-analytic summary of oncologic outcomes.
A. Forest plot for cancer-specific survival rate. B. Forest plot for overall survival rate.
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Fig. 4. Meta-analytic summary of complications. Forest plot for major complications (left) and minor complications (right).

attributed to the technical advances in MWA and the use of
imaging guidance. Four out of the seven studies included
in the previous meta-analysis were retroperitoneoscopic
MWA studies without imaging guidance, and three were
percutaneous MWA studies with imaging guidance. Accurate
delineation of the tumor is necessary for successful
percutaneous ablation (11). Therefore, the use of imaging
guidance is likely to have improved the technical and
oncologic outcomes. In the subgroup analysis of US and CT,
image-guided MWA showed similar TERs, although CT tended
to have a higher LRR and incidence of complications than
US. Although this tendency did not show a statistically
significant difference in this meta-analysis, further studies
are needed. In addition, various ablation techniques such
as gas-cooled microwave antenna, high generator power,
and hydro-displacement of non-target anatomy may have
improved the efficacy of MWA (4, 28). As the present
study included 13 published articles since 2012, our
findings facilitate improvement of the current management
guidelines and contribute to evidence-based practice.

In previous studies, RFA of renal tumors measuring 4
cm or smaller, had a TER of 91-97% and LRR of 0-23%
(29-31), while cryoablation of small RCC had a TER of
96.9-100% and LRR of 1.3-5.2% (31-34). Compared with
these results, the present study showed that MWA had a
similar or slightly better TER and LRR than RFA (97.6% vs.
91-97% for TER; 2.1% vs. 0-23% for LRR) or cryoablation
(97.6% vs. 96.9-100% for TER; 2.1% vs. 1.3-5.2% for LRR).
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These results could be attributed to the many benefits of
MWA, including the higher intratumoral temperature, larger
ablation zone, lower treatment time, and more complete
tumor kill (7, 9, 15). In addition, MWA may be less affected
by the perfusion-mediated heat sink effect, which may treat
tumors with a rich blood supply, and multiple antennae can
be simultaneously applied to large tumors (6, 35).

In the present meta-analysis, the summary incidences of
major and minor complications associated with MWA were
1.8% (95% CI, 0.6-3.3%; I* = 0.0%) and 17.5% (95% CI,
5.8-33.4%; I = 90.1%), respectively, which are comparable
to the rates of 19.9% for cryotherapy and 19.0% for RFA
reported in a recent meta-analytic summary involving
cryotherapy and RFA (36). However, the incidence of major
complications in MWA was lower than in RFA (0-5%) (37-41)
and cryotherapy (0-9%) (42-44). Given the better technical
and oncologic outcomes with a lower major complication
rate, MWA appears to be an effective and safe treatment for
malignant kidney tumors.

This study is subject to several limitations. First, both
high study heterogeneity and a publication bias were
noted in the incidence of minor complications. Although
each study classified complications into major or minor
types according to a pre-specified definition, the minor
complications included a broad spectrum of events. Notably,
due to the lack of an objective method of pain assessment,
one study reported a high incidence of mild pain (13). In
addition, the values of 3-year CSSR, TER for US, and LRR
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Table 3. Summary of Complications after MWA

Choi et al.

Major

Author No. of Complication Minor
(Year of N . Major Complications Complication Minor Complications
. Patients Incidence .
Publication) (%) Incidence (%)
Carrafiello 7 0.0 - NA Pain, nausea, vomiting, fever
(2013) (8)
Hc(>;r)1 (2014) 14 6.7 Renal artery pseudoaneurysm (n = 1) 0.0 -
Moreland 53 1.9 Retroperitoneal hematoma (n = 1) 7.5 Urinary retention (n = 4),
(2014) (9) shortness of breath (n = 1)
Yu (2015) 98 2.0 Hepatic encephalopathy (n = 1), 0.0 -
(10) urinary fistula (n = 1)
Clzirl)(ZOIG) 29 3.2 Renal capsular hemorrhage (n = 1) 3.2 Pleural effusion (n = 1)
Gao (2016) 41 2.4 Fistula and retroperitoneal abscess 24.4 Microscopic (n = 7),
(12) (n=1) macroscopic hematuria (n = 7)
Li (2016) 20 0.0 - 80.0 Fever (n = 11), microscopic (n = 3),
(13) macroscopic hematuria (n = 1),
creatinine increase (n = 5), mild pain (80%)
Wells (2016) 29 0.0 - 10.3 Urine leak (n = 1), pneumonia (n = 1),
(14) cystitis (n = 1)
Chan (2017) 62 1.6 Renal subcapsular hematoma (n = 1) 12.9 Pain (n = 6), segmental renal vein
(15) thrombosis (n = 1), renal cavity linkage
(n=1)
Cheng (2017) 24 4.2 Massive right pleural effusion (n = 1) 20.8 Hemoglobinuria (n = 1), gross hematuria
(16) (n = 1), microscopic hematuria (n = 3)
Ierardi (2017) 58 3.4 Active liver bleeding (n = 1), 5.2 Subcapsular hematoma (n = 2),
(17) urinoma (n = 1) pneumothorax (n = 1)
Klapperich 96 1.9 Retroperitoneal hematoma (n = 1), 9.4 Corneal abrasion, urinary retention,
(2017) hematuria necessitating bladder urinary tract infection, prerenal azotemia,
(18) irrigation (n = 1) viral prodrome, asymptomatic bradycardia
(no specific information on number
of patients)
Mansilla 36 2.6 Severe hydronephrosis and atrophy 13.0 Perinephric hematomas (n = 2), microscopic
(2017) (19) of kidney due to stricture of hematuria (n = 1), flank pain (n = 1),
ureteropelvic junction (n = 1) abdominal pain (n = 1)
Meta-analytic 1.8 17.5
summary (0.6, 3.3) (5.8, 33.4)
estimates

MWA = microwave ablation, NA = not applicable

for CT showed moderate heterogeneity. Considering the

fact that Gao et al. (12) only included RCCs adjacent to

the renal sinus and the distance between the tumor and
the collecting system was a predictive factor for complete
renal ablation, the diversity of participants in Gao et al.
(12), could have yielded different study results, i.e., the
relatively low values of TER, high LRR, and low 3-year CSSR.
Second, since we only analyzed published studies, there
was a limitation in understanding the differences between
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studies in regard to censored subjects and their effect on
the results. Third, as all included studies were retrospective,
the study results might be limited.

In conclusion, MWA showed favorable technical and
oncologic outcomes with a low incidence of major
complications. Hence, we consider image-guided
percutaneous MWA as a safe and effective treatment for
malignant renal tumors.
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Variables : - U - ; p a :
Meta-Analytic Pooled Estimation (95% CI) I Meta-Analytic Pooled Estimation (95% CI) I
TSR 95.6 (91.6-98.5) 0.0 NA -
TER 96.5 (91.2-99.7) 55.3 98.2 (94.7-99.9) 31.8
LRR 1.8 (0.2-4.4) 0.0 3.9 (0.2-10.7) 65.3
CSSR
1-year 98.0 (94.7-99.9) 0.0 NA -
2-year 96.7 (92.9-99.2) 0.0 NA -
3-year 96.2 (92.0-99.0) 3.0 NA -
5-year NA = NA -
OSR
1-year 98.3 (95.2-100.0) 0.0 97.4 (88.5-100.0) 58.1
2-year 93.1 (88.3-96.8) 0.0 NA -
3-year 83.0 (76.2-88.9) 0.0 NA -
5-year NA - NA -
Major complication 1.8 (0.1-4.7) 0.0 2.1 (0.3-4.9) 0.0
Minor complication 9.9 (5.7-14.7) 0.0 20.2 (0.8-52.6) 95.4

(I = confidence interval, CSSR = cancer-specific survival rate, OSR = overall survival rate, TER = technical efficacy rate, TSR = technical

success rate

Supplementary Materials 8.

The online-only Data Supplement is available with this
article at https://doi.org/10.3348/kjr.2018.19.5.938.
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