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Review of clinical tumor ablation advance in Asia

Luo Wanga, Jinshun Xub, Jie Yua and Ping Lianga

aDepartment of Interventional Ultrasound, Chinese PLA General Hospital, Beijing, China; bDepartment of Ultrasound, Laboratory of
Ultrasound Imaging Drug, West China Hospital, Sichuan University, Chengdu, China

ABSTRACT
Tumor ablation has been widely applied in Asia, accounting for 44.65% of clinical studies worldwide.
We reviewed 5853 clinical studies to provide insight on the advance of tumor ablation in Asia chrono-
logically and geographically among different techniques and organs. Since 1998, tumor ablation appli-
cation has dramatically evolved in Asia. All kinds of ablation techniques, including percutaneous
ethanol injection (PEI), radiofrequency ablation (RFA), microwave ablation (MWA), laser ablation (LA),
cryoablation (CA), high-intensity focused ultrasound (HIFU), and irreversible electroporation (IRE), have
been applied, with the first application of PEI and the most popular application of RFA. Twenty-five
countries and one district in Asia have applied tumor ablation in various organs, including liver, lung,
uterus, thyroid, kidney, pancreas, bone, prostate, breast, adrenal gland, lymph node parathyroid,
esophagus, etc. Due to the high incidence of tumors as well as advanced economy and technology,
East Asia accounted for 93.87% of studies, led by China (45.00%), Japan (32.72%), South Korea
(12.10%), and Taiwan (4.03%). With the enrichment of evidence from large-scale multicenter and
randomized control studies, China and South Korea have issued several guidelines on tumor ablation
for liver, lung, and thyroid, which provided recommendations for global standardization of tumor abla-
tion techniques. Therefore, Asia has made active contribution to global tumor ablation therapy.

KEYPOINTS

Key point 1: Asia accounted for 44.65% of clinical studies worldwide on tumor ablation.
Key point 2: Twenty-five countries and one district in Asia have used tumor ablation in various organs,
and East Asia accounted for 93.87% of studies, led by China (45.00%), Japan (32.72%), South Korea
(12.10%), and Taiwan (4.03%).
Key point 3: China and South Korea have issued several guidelines on tumor ablation for liver, lung,
and thyroid, which provided recommendations for global standardization of tumor abla-
tion techniques
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Introduction

According to global cancer statistics [1], Asia accounted for
nearly half of new cancers and over half of the cancer-
related deaths. Among the top ten cancers worldwide, liver,
lung, and thyroid cancers were particularly prevalent in Asia.
While surgery remains the gold standard for treating these
cancers, most patients are unsuitable candidates for surgery
[2]. In this case, ablation as a minimally invasive technique
can be an alternative treatment strategy.

Over the past 30 years, applying tumor ablation has
exploded in popularity in Asia, particularly since 1998. All
kinds of ablation techniques have been employed. The first
international clinical reports on chemical and energy ablation
were both published by a Japanese research group in the
1980s using percutaneous ethanol injection (PEI) [3] and laser
ablation (LA) to treat liver cancers. Since then, cryoablation
(CA, 1988) [4], microwave ablation (MWA, 1994) [5],

radiofrequency ablation (RFA, 1999) [6], high-intensity
focused ultrasound (HIFU, 2001) [7], and irreversible electro-
poration (IRE) [8] have been successfully introduced into clin-
ical use in Asia. Tumor ablation has been extensively applied
in various organs, including liver, lung, uterus, thyroid, kid-
ney, pancreas, bone, prostate, breast, adrenal gland, lymph
node parathyroid, esophagus, etc. Due to the high incidence
of tumors as well as sophisticated economy and technology,
tumor ablation was mainly applied in East Asia, particularly
in China, Japan, South Korea, and Taiwan. With the enriched
experience from large-scale multicenter and randomized con-
trol studies, China and South Korea have issued numerous
guidelines on tumor ablation for liver [9], lung [10–12], and
thyroid [13–15]. These guidelines provided recommendations
for the global standardization of tumor ablation techniques.

In 2004, Rhim H [16] reviewed the Asian experience with
thermal ablation techniques and clinical practice with a par-
ticular emphasis on treating hepatocellular carcinoma (HCC).
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They addressed how tumor ablation was mostly utilized to
treat unresectable liver tumors with the most application of
RFA in Asia. Over the years, tumor ablation has been greatly
developed in techniques and application organs. Therefore,
we designed this study to review clinical studies chronologic-
ally and geographically among different techniques and
organs to provide insight on tumor ablation advancement
in Asia.

Article search strategy

We conducted a comprehensive literature search of PubMed,
EMBASE, and Cochrane databases, regardless of the begin-
ning date. The deadline was set in data when searching
databases (2 July 2020). The search terms included both
Medical Subject Heading terms (MeSH) and free words,
which were as follows: (‘radiofrequency ablation’) OR
(‘radiofrequency’ AND ‘ablation’) OR (‘microwave ablation’)
OR (‘microwave coagulation’) OR (‘microwave’ AND ‘ablation’)
OR (‘microwave’ AND ‘coagulation’) OR (‘laser ablation’) OR
(‘high-intensity focused ultrasound ablation’ OR ‘HIFU’) OR
(‘high intensity focused ultrasound’) OR (‘ethanol ablation’
OR ‘percutaneous ethanol injection’) OR (‘ethanol injection’)
OR (‘percutaneous’ AND ‘ethanol’ AND ‘injection’) OR
(‘ethanol’ AND ‘ablation’) OR (‘cryoablation’) OR (‘cryosurgery’
AND ‘ablation’) OR (‘irreversible electroporation’ OR
(‘irreversible’ AND ‘electroporation’) OR (‘Ablation
Techniques’ OR ‘thermal ablation’) OR (‘chemical ablation’).

The study type was restricted to clinical trials. After searching
databases, 81,982 studies were retrieved. After excluding
duplicated records, 60,397 publications were screened by
reading the title, abstract or full text. The eligibility criteria
were as follows: (1) clinical study on human beings; (2)
research focused on tumor ablation, including benign, malig-
nant/primary, secondary tumors, and atypical hyperplasia.
The exclusion criteria were as follows: (1) review articles,
meta-analyses, systematic reviews, letters, conference
abstracts, editorials, comments, guidelines, and consensuses;
(2) articles unrelated to tumor ablation; and (3) articles that
used data from databases. Finally, 13,110 articles were
enrolled, including 5853 articles from Asia. The article search-
ing and screening process is summarized in Figure 1.

Trend and geographical distribution of tumor
ablation techniques

All kinds of ablation techniques have been employed in Asia.
After the first application of chemical and energy ablation in
Japan in the 1980s using PEI and LA to treat liver cancers,
CA (1988), MWA (1994), RFA (1999), HIFU (2001), and IRE
(2013) have been successfully introduced into clinical use in
Asia. Japan also made the first international clinical study on
MWA to treat liver cancers. Tumor ablation has exploded in
popularity in Asia during the last three decades, particularly
since the introduction of RFA in 1999. Since then, most
(94.85%) studies have been published (Figure 2).

Figure 1. Flow diagram outlining article selection process.

1640 L. WANG ET AL.



RFA is the most popular technique for tumor ablation,
accounting for nearly half of the total (56.30%, 3295/5853),
followed by MWA (17.12%, 1002/5853), PEI (11.97%, 701/
5853), HIFU (10.42%, 610/5853), CA (6.35%, 372/5853), IRE
(1.17%, 68/5853), LA (0.81%, 47/5853), and chemical ablation
(other than PEI, 0.36%, 21/5853).

There are 73 countries and one district that have applied
tumor ablation worldwide (Figure 3(a)). Most clinical studies
were published by Asia (44.65% 5853/13110), followed by
Europe (30.88%, 4049/13110), America (22.59%, 2961/13110),
Oceania (1.05%, 137/13110), and Africa (0.84%, 110/13110).
In Asia, 25 countries and one district have applied tumor
ablation (Figure 3(b)). The number of clinical studies on
tumor ablation varies across different regions. As a result of
the high prevalence of tumors and sophisticated economy
and technology, East Asia accounted for 93.87% (5494/5853)
of studies with the top four regions as follows: China
(45.00%, 2634/5853), Japan (32.72%, 1915/5853), South Korea
(12.10%, 708/5853) and Taiwan (4.03%, 236/5853).

The extensive use of tumor ablation in
various organs

Tumor ablation has been employed in 22 different organs in
Asia, including liver (67.35%, 3942/5853), lung (6.31%, 370/
5853), uterus (5.10%, 299/5853), thyroid (5.02%,294/5853),
kidney (4.88%, 285/5853), pancreas (2.87%, 168/5853), bone
(2.53%,148/5853), prostate (2.06%, 120/5853), breast
(1.90%,111/5853), others (2.75%,161/5853, parathyroid,
adrenal gland, esophagus, lymph node, soft tissue, etc.)
(Figure 4). We reviewed the Asian experience of tumor abla-
tion in various organs, with a particular emphasis on the top
few organs.

Liver

The incidence of liver cancer remains high in Asia, particu-
larly in the East and South-East [1,17]. Consistent with cancer
incidence, the liver is the most commonly targeted organ for

tumor ablation, accounting for over half of the total (67.35%)
according to our analysis.

In Asia, 22 countries and one district have applied abla-
tion techniques to treat liver cancers. China, Japan, and
South Korea are the top three regions having the most clin-
ical trials on liver ablation (Figure 5). China is the only region
where all seven ablation techniques have been applied to
treat liver cancers.

PEI was initially reported by Japan in the 1980s as the first
ablation technique to treat liver cancers [3,18]. Over the past
30 years, 11 regions in Asia have applied PEI to treat liver
cancers, of which Japan published most studies (Figure 5).
Japan reported the largest sample size clinical experience
with PEI in treating HCCs. The overall survival rates were
83–90%, 52–65% and 27–40% at 1 year, 3 years, and 5 years,
respectively [19]. A randomized trial from China demon-
strated that PEI appeared to be as effective as resection in
treating small HCCs [20]. However, due to the non-uniform
penetration of ethanol in the targeted tissue, the treatment
efficacy was limited in larger tumors [21]. As a result, with
the development of energy ablation techniques, PEI is mainly
used as an auxiliary of other techniques in recent
years [22,23].

The first clinical study on MWA treating liver cancers was
reported by Japan in 1994 [5]. Seki T et al. first performed
microwave coagulation in 18 patients with a single unresect-
able HCC with a diameter of 2 cm or less. Since then, six
Asian regions have successively employed MWA to treat liver
cancers, of which China published most studies. A Chinese
research group designed the largest multicenter clinical
study. Liang P. et al. [24] analyzed the MWA efficacy in treat-
ing 1363 treatment-naïve lesions of 1007 patients with pri-
mary liver tumors. The overall survival rates were 91.2%,
72.5%, and 59.8% at 1 year, 3 years, and 5 years respectively.
Besides, several long-term follow-up studies revealed favor-
able survival rates of MWA in treating liver cancers [25–28]
(Table 1). Additionally, a Chinese research group revealed a
low risk of neoplastic seeding after MWA by analyzing 14-
year experience with 1462 patients [40].

Figure 2. The trend of tumor ablation in Asia.
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The first clinical RFA experience in treating liver cancers
worldwide was reported by Italian physicians in 1993 [41]. In
Asia, RFA was first used to treat liver cancers in 1998.
Japanese physicians first evaluated the efficacy of combined
RFA and arterial infusion chemotherapy in treating liver
metastases from colorectal cancer [6]. Since then, most
physicians have switched their treatment strategy from PEI
and MWA to RFA [16,42,43]. By now, 19 Asian regions have

employed RFA to treat liver cancers, of which China pub-
lished most studies. Three large sample size studies with a
ten-year follow-up from Japan and South Korea revealed that
RFA patients achieved favorable survival rates (59.7–83.7%
and 27.3–74.2% at five and ten years, respectively, Table 1)
[29–31]. A Japanese research group evaluated RFA complica-
tions for HCCs by analyzing 16,346 treated nodules in 13,283
patients in a multicenter study. The complication rate was

Figure 3. (a) Global distribution of clinical studies on tumor ablation. Red: >1000 articles; Pink: 200–999 articles; Blue: 1–199 articles. (b) Geographical distribution
of clinical studies on tumor ablation in Asia. Only regions where tumor ablation has been applied are shown. The percentage represents the proportion of clinical
studies published in the region.
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3.54%, confirming that RFA was a low-risk treatment for HCC
[44]. Technique efficacy was evaluated in comparative studies
(Table 1). Several large randomized control studies from Asia
exhibited comparable survival outcomes between RFA and
surgical resection in treating small HCCs [32,34–36].
However, Huang J. et al. [33] demonstrated that resection
provided better survival outcomes than RFA for HCC con-
forming to the Milan criteria (single HCC �5 cm or up to 3
nodules <3 cm). The contradictory outcomes may result from
differences in technology and physician experience. Besides,
numerous randomized control studies compared RFA with
other ablation techniques, as displayed in Table 1. The
results revealed that RFA was superior to PEI in treating small
HCCs, as evidenced by higher survival rates and similar
adverse events [37–39]. This may also result in PEI replace-
ment to treat liver cancers in Asia. MWA and RFA have simi-
lar clinical values regarding long-term survival and
complications [25,27].

China was the first to apply HIFU in liver ablation. In
2001, Fang W. et al. investigated the pathologic changes in
liver cancers after HIFU [7]. This was the first clinical study

that revealed the effectiveness and feasibility of HIFU in
treating liver cancers. Over the past 20 years, only 5 Asian
regions have employed HIFU to treat liver cancers with lim-
ited studies for its relatively low thermal efficiency.

IRE was first reported as an emerging ablation technique
in 2011 by an Australian research group [45]. In 2013, Huang
et al. reported the pilot experience of IRE for liver cancers in
Asia [8]. Over the past seven years, six Asian regions have
introduced IRE to liver ablation. Compared to western coun-
tries, applying IRE, CA, and LA was limited in Asia.

Lung

Lung cancer is the leading cause of death among men in
most Asian countries, particularly in China [1]. Our study
enrolled 370 clinical studies (6.31%, 370/5853) (Figure 4) on
lung ablation. A great inclination has been made in selecting
the ablation technique (Figure 6(a)). The largest proportions
are exhibited by RFA (216 studies, 216/370, 58.38%), followed
by MWA (79 studies, 79/370, 21.35%), CA (66 studies, 66/370,
17.84%), LA (5 studies, 5/370, 1.35%) and PEI (4 studies, 4/
370, 1.08%).

In 2000, an American research team firstly reported RFA
use in treating three cases of lung tumors [46]. In 2002, a
Japanese research team conducted a pilot study in Asia on
the clinical feasibility and safety of RFA therapy for inoper-
able lung tumors [47]. The follow-up CT revealed no notice-
able tumor regrowth in any patients without observing
severe complications or side effects. Over the past 20 years,
11 regions in Asia have applied lung ablation, among which
China is the region with the most studies published. We
summarized the long-term follow-up clinical studies on lung
ablation, two of which were multicenter researches (Table 2).
The survival rates range was 66.7–97%, 41.1–82%, and
24.6–74% at 1 year, 2 years, and 3 years respectively. Most
studies applied CT as an image guiding method [48–51]. The
US is exclusively indicated for treating peripheral lung neo-
plasms [52].

Uterus

Image-guided ablation has been used frequently utilized to
treat uterine disease in Asia (Figure 4). Our study enrolled
299 studies. HIFU (245 studies, 245/299, 81.94%) was the
most widely used technique for uterine ablation, followed by
MWA (25 studies, 25/299, 8.36%), RFA (22 studies, 22/299,
7.36%), CA (4 studies, 4/299, 1.34%), LA (2 studies, 2/299,
0.67%), and PEI (1 study, 1/299, 0.33%) (Figure 6(b)). The first
commercial HIFU device to treat solid tumors was designed
in Asia (ExAbalte 2000, InSightec-TxSonics Ltd., Haifa, Israel)
and was approved by FDA to treat uterine fibroid patients.
The first clinical HIFU experience to treat uterine fibroids
worldwide occurred in China in 2002 [53]. Over the past
20 years, seven Asian regions have used ablation to treat
uterine fibroids, adenomyosis, and cervical intraepithelial
neoplasia. China is the region with the most studies pub-
lished (Figure 6(b)). Three large sample size clinical studies
[54–56] conducted in China revealed the effectiveness of

Figure 4. The distribution of tumor ablation in different organs.

Figure 5. The top three regions with the most clinical studies published on
liver ablation using each technique. PEI: percutaneous ethanol injection; LA:
laser ablation; CA: cryoablation; MWA: microwave ablation; RFA: radiofrequency
ablation; HIFU: high-intensity focused ultrasound; IRE: irreversible
electroporation.
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HIFU and MWA in treating uterine fibroids. The median
tumor reduction rates (volume before therapy – volume after
therapy)/volume before therapy � 100%) was 21.2–22.2%,
29.6–63.5%, 44.8–78.5%, and 48.7–86.7% at 1month,
3months, 6months and 12months respectively.

Thyroid

Thyroid cancer is highly prevalent in Asia, particularly in
South Korea, where the incidence was the highest globally
for both genders [1]. Fourteen Asian regions have used thy-
roid ablation, with China publishing the most studies (Figure
6(c)). Six kinds of ablation techniques have been employed
in thyroid ablation, including RFA (126 studies, 126/294,
42.86%), PEI (83 studies, 83/294, 28.23%), MWA (55 studies,
55/294, 18.71%), HIFU (25 studies, 25/294, 8.50%), LA (3 stud-
ies, 3/294, 1.02%), CA (2 studies, 2/294, 0.68%) (Figure 6(c)).

The first international clinical study on RFA and MWA in
treating thyroid nodules was from Asia. In 2006, a research
group in South Korea published the first clinical experience
using RFA in treating benign cold thyroid nodules [57]. In
2012, a Chinese research group first addressed the feasibility
of MWA to treat benign thyroid nodules [58]. Currently, thy-
roid ablation has been utilized in various thyroid nodule
types, including benign thyroid nodules, papillary thyroid
microcarcinomas (PTMC), and recurrent thyroid cancers. We

summarized clinical studies on thyroid ablation with a min-
imum follow-up of six months [59–64] (Table 3). These stud-
ies included benign and malignant thyroid nodules. The
thyroid nodules in all studies had a mean volume reduction
rate of 71.0–98.8%. No major complications were observed in
all cases. Two South Korean randomized controlled trials
[65,66] examined whether RFA and PEI were equally effective
in treating cystic and predominantly cystic thyroid nodules.

Other organs

In Asia, ablation techniques have been deployed to treat
tumors of various organs, although the number of studies on
specific organs is limited. The first international clinical study
of HIFU in treating pancreatic cancers was reported in 2005
by a Chinese research group [67]. Besides, a Chinese research
group published the largest sample size clinical study com-
paring MWA and laparoscopic partial nephrectomy for cT1a
renal cell carcinoma, revealing comparable oncologic out-
comes and complications between two treatments [68].
Additional research in additional regions is urgent in the
future to expand the application of ablation in vari-
ous organs.

Table 1. Summary of clinical studies on liver ablation.

Study Region Technique

Overall survival rate (%)

1 yr 3 yr 4 yr 5 yr 10 yr p value

Single technique
Teratani T., et al. [19] Japan PEI 83 52 – 27 – –

90 65 – 40 – –
Liang P., et al. [24] China MWA 91 73 – 60 – –
Lu M.D., et al. [25] China MWA 82 51 37 – –
Dong B.W., et al. [26] China MWA 93 73 66 57 – –
Ding J.M., et al. [27] China MWA 98 78 78 – –
Shiina S., et al. [29] Japan RFA – – – 60 27 –
Kim Y.S., et al. [30] South Korea RFA – – – 60 32 –
Lee M.W., et al. [31] South Korea RFA – – – 84 74 –

Comparision between ablation and other treatment
Huang G.T., et al. [20] China PEI 100 97 – 46 – >0.05

Resection 97 88 – 82 –
Chen M.-S., et al. [32] China RFA 96 71 68 – – >0.05

Resection 93 73 64 – –
Huang J., et al. [33] China RFA 87 70 66 55 – 0.001

Resection 98 92 83 76 –
Feng K., et al. [34] China RFA 93 67 – – – >0.05

Resection 96 75 – – –
Fang Y., et al. [35] China RFA 98 83 – – – >0.05

Resection 94 78 – – –
Ng K.K.C., et al. [36] Hong Kong

China
RFA 95 82 – 66 42 >0.05
Resection 95 81 – 67 48

Comparision between RFA and other ablation technique
Shiina S., et al. [37] Japan RFA – – 74 – – 0.01

PEI – – 57 – –
Lin S.M., et al. [38] Taiwan RFA 93 74 – – – 0.031

PEI 88 51 – – –
Lin S.M., et al. [39] Taiwan RFA 90 74 – – – 0.014

PEI 85 50 – – –
Lu M.D., et al. [25] China RFA 72 38 24 – – >0.05

MWA 82 51 37 – –
Ding J.M., et al. [27] China RFA 99 83 78 – – >0.05

MWA 98 78 78 – –

PEI: percutaneous ethanol injection; MWA: microwave ablation; RFA: radiofrequency ablation.
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Guidelines issued on tumor ablation in Asia

In the last decades, with evidence from large-scale multicen-
ter or randomized control studies has accumulated, various
guidelines on tumor ablation have been issued on liver,
lung, and thyroid.

The Asian Society on Tumor Ablation (ASTA) was founded
in 2014 and has hosted yearly conferences since then (ACTA:
Asian Conference on Tumor Ablation). The ASTA has a

multicenter trial committee and published several multicen-
ter studies on liver ablation [69–71]. In addition, ASTA has a
guideline committee and issued ASTA guidelines on the thy-
roid [72], kidney (in press), and adrenal (in press) ablation.

In 2013, the Society of Chinese Interventional Ultrasound
issued the guidelines for ultrasound-guided percutaneous
MWA of liver malignancy [9]. In 2014, the Minimally Invasive
and Comprehensive Treatment of Lung Cancer Branch,

Figure 6. The top three regions with the most clinical studies published on (a) lung, (b) uterine, (c) thyroid using different ablation techniques. PEI: percutaneous
ethanol injection; LA: laser ablation; CA: cryoablation; MWA: microwave ablation; RFA: radiofrequency ablation; HIFU: high-intensity focused ultrasound; IRE: irrevers-
ible electroporation.

Table 2. Summary of clinical studies on lung ablation.

Study Region Technique
Guiding
image

Overall survival rate (%)

1 yr 2 yr 3 yr

Yamakado et al. [47] Japan RFA CT 46
Gobara et al. [48] Japan RFA CT 97 82 74
He et al. [49] China MWA US 58
Li et al. [50] China RFA CT 73 41 30
Lu et al. [51] China MWA CT 67 45 25

RFA: radiofrequency ablation; MWA: microwave ablation.

Table 3. Summary of clinical studies on thyroid ablation.

Study Region Technique
Tumor
types

Volume
reduction (%)

Yue et al. [58] China MWA PTMC 90 ± 14
Teng et al. [59] China MWA PTMC 98.78 ± 5.61
Turtulici et al. [60] South Korea RFA Benign 72.6 ± 11.3%
Hong et al. [61] South Korea RFA Benign 75.9% ± 19.0
Sung et al. [62] South Korea PEI Benign 93.6% ± 6.8%
Kim et al. [63] South Korea PEI Benign 85.2 ± 16.1%

Volume reduction ¼ (Volume before therapy – Volume after therapy)/Volume
before therapy � 100%). PTMC: papillary thyroid microcarcinomas; MWA:
microwave ablation; RFA: radiofrequency ablation; PEI: percutaneous etha-
nol injection.
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Professional Committee of Minimally Invasive Treatment of
Cancer of the Chinese Anti-Cancer Association organized
multidisciplinary experts and developed guidelines for ther-
mal ablation of primary and metastatic lung tumors [10]. In
2015, the Chinese Society of Thoracic and Cardiovascular
Surgery Lung Cancer Study Group released the expert con-
sensus on image-guided RFA of lung tumors [12], followed
by the 2018 guidelines issued after detailed refinement of
the old edition [11].

In 2012, the Korean Society of Thyroid Radiology pub-
lished RFA guidelines of benign thyroid nodules and recur-
rent thyroid cancers [13]. Five years later, such guidelines
were updated with a new edition in 2017 [14]. In 2018, the
Korean Society initiated the consensus statement on ethanol
ablation in managing symptomatic thyroid nodules [15].
These guidelines recommended standardized thermal abla-
tion procedures, indications for treatment candidates, post-
ablation outcome assessment, and complication control.

Novel progression of tumor ablation in Asia

As medical technology advances, various novel technologies
have emerged to assist or combine with traditional ablation
therapy to optimize ablation procedures and improve effi-
ciency. Additionally, numerous clinical investigations on
these novel techniques were published in Asia.

Image fusion navigation in tumor ablation

The effectiveness of ablation is highly dependent on the
image guiding technique such as ultrasound, CT, or MRI. The
image fusion technology can simultaneously apply multiple
guiding modalities, overcoming the limitations of each tech-
nique. Image fusion navigation has been introduced as a
promising method for tumor ablation. China, Japan, and
South Korea have applied image fusion to assist their tumor
ablation procedures. The fusion image in these clinical stud-
ies was achieved by overlaying images from multiple imag-
ing modalities such as ultrasonography (US)þCT/MR,
USþUS, CEUS (contrast-enhanced ultrasound) þCT/MR, and
CEUSþCECT (contrast-enhanced computed tomog-
raphy) [73–79].

Molecular targeted and immune therapy in combination
with tumor ablation

Systemic therapy for cancers has markedly advanced since
the survival benefit of molecularly targeted agents.
Numerous large sample sizes and multicenter studies from
China revealed that combining molecularly targeted agents,
sorafenib, with RFA was superior to RFA or sorafenib alone
in improving survival outcomes for treating liver can-
cers [80–83].

Besides, adoptive immunotherapy is considered to help
reduce the recurrence and metastasis rates of cancers.
Cellular immunity is critical for antitumor immunity. In the
last decade, several clinical studies were conducted on com-
bining adoptive immunotherapy and ablation in treating

tumors in Asia. Most studies [84–91] adopted one single
immunocyte such as cytokine-induced killer (CIK),
RetroNectin activated killer cells (RAK), and natural killer cells
(NK cells). Two studies applied multiple successively-adminis-
tered immunocytes infusion, which was more representative
of the native immune response [92,93]. In 2017, a Chinese
research group published the first international clinical trial
of allogeneic NK cells combined with CA or IRE for treating
renal cell cancers [90], advanced non-small-cell lung cancers
[84], and metastatic pancreatic cancers [88].

The recent development of immune checkpoint inhibitors
has greatly altered the landscape of cancer therapy. In the
future, we expect clinical research on combining anti-pro-
grammed cell death protein-1 (PD-1) and ablation therapy.

In this review, we only used the number of publications
to evaluate tumor ablation advancement. However, there
must be a gap from the real status of ablation practices
because we cannot acquire the real data on procedure num-
bers in each country. Future research with more extensive
investigations may compensate for this limitation.

This review demonstrated that tumor ablation was widely
applied in Asia over the past 30 years in extensive organs. In
the next few decades, we should develop multiple novel
techniques such as multimodal image navigation, artificial
intelligence, nano-material to assist ablation for improving
the efficiency of minimally invasive and precise treatment
of tumors.
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