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Local ablation technologies, such as radiofrequency ablation (RFA), microwave ablation (MWA) and
cryoablation, have become a standard treatment option for hepatocellular carcinoma (HCC) less than
5 cm in size, particularly in individuals who are not candidates for hepatectomy. Except for equivalent
prognosis and efficiency, RFA has various advantages over surgical excision, including a lower rate of
complications, a cheaper cost, more normal tissue preservation, and a shorter hospital stay. However, the
rate of tumor recurrence and/or distant metastasis after RFA therapy is still high. RFA has been widely
employed in multiple cancers, large cancer, and lesion identified at “high-risk” sites in recent years, with
the advancement of ablation types and operating techniques, particularly the combined use of many
technologies. The real value of RFA technology has been more fully reflected. We will examine the status,
progress, and problems of RFA in the treatment of HCC in this review.
© 2023 The Third Affiliated Hospital of Sun Yat-sen University. Publishing services by Elsevier B. V. on
behalf of KeAi Communications Co., Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most prevalent
cancer and ranked as the third cancer-related mortality globally.
Morbidity has increased in recent years, with 630,000 new cases in
males and 273,000 new cases in females per year.1 In China, more
than 50% of HCC cases were diagnosed at Barcelona Clinic Liver
Cancer (BCLC) stage C or D and median tumor diameter ranged
from 2.5 cm to 6.7 cm.2,3

Although surgical resection is still considered the first choice for
the treatment of early-stage liver cancer, only 20%e25% of HCC
patients are suitable for surgical resection due to the influence of
patients' general physical condition, liver function status, and tu-
mor characteristics (size, number, and location, etc).4e6 In addition,
because of the limited liver donors and high cost, the proportion of
HCC patients suitable for liver transplantation is very low. Radio-
frequency ablation (RFA) not only has no significant difference in
long-term survival when compared to surgical resection and liver
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transplantation, but it also has other advantages, such as a lower
risk of problems, lower cost, more normal tissue preservation, and a
shorter hospital stay.7 As a result, RFA has been regarded as the
third local curative technique for HCC, while other therapies such as
tyrosine kinase inhibitors (TKIs), immune checkpoint inhibitors,
and transarterial chemoembolization (TACE) are usually considered
palliative.

According to the BCLC prognosis and treatment strategy, RFA
therapy is only suitable for HCC patients within BCLC stages 0eA.4,8

Indeed, based on a large amount of current clinical research data,
RFA has achieved considerable advances in the three dimensions of
tumor size, number, and placement. Different from BCLC standard,
the guidelines from China can reflect the application scope and
value of RFA therapy from distinct perspectives. In the Chinese
Guidelines for Diagnosis and Treatment of Primary Liver Cancer
(2022 edition), surgical excision or local ablation alone is regarded
as the first-line option for patients with stage Ia (single tumor
�5 cm; or� 3 nodules, the largest lesion is� 3 cm in diameter), but
for the patients with stages IbeIIa (single tumor >5 cm; or � 3
nodules, the largest lesion is > 3 cm in diameter), RFA is usually
recommended to combine with TACE.9,10 Actually, with the
advancement of ablation technical types and operating approaches,
particularly the combined strategy of many technologies, RFA has
rvices by Elsevier B. V. on behalf of KeAi Communications Co., Ltd. This is an open
c-nd/4.0/).
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become increasingly popular for multiple cancers, huge cancers,
and lesions locating in “high-risk” areas. However, based on clinical
practice and current research evaluations, including Chinese stan-
dards, present guidelines severely limit the population appropriate
for RFA and underestimate the true value of RFA.

In this review, we will take RFA as a representative to briefly
illustrate the status, progress, and challenges of local ablation in the
treatment of HCC.
2. Status of RFA in the treatment of HCC

2.1. Indications for percutaneous RFA

Imagine-guided percutaneous RFA may result in a full response
in 95% of patients with HCC smaller than 5 cm.11e14 The rate of
intrahepatic recurrence at 1-, 3-, and 5-year after RFA was 11.8%,
53.9%, and 75.8%, respectively, also frequently treated by repeated
RFA sessions.15,16 Many retrospective studies or randomized
controlled trials have shown that RFA and surgical resection can
achieve comparable overall survival (OS) in patients with early HCC,
but the rate of local recurrence and intrahepatic neoplasia
following RFA is generally higher (Table 1).17e20

Nevertheless, a few studies showed that surgical resection may
provide better survival and lower recurrence rates than RFA for
patients meeting Milan criteria.21 Nanashima et al.22 found no
significant difference in OS between RFA and hepatectomy groups
in individuals with isolated HCC. However, in patients with a tumor
number of 2e3 andmaximum diameter of <3 cm, the OS of surgical
resection was better than that of local ablation. However, when
surviving time is combined with the incidence of significant com-
plications, operation efficiency, hospital stay, quality of life, eco-
nomic expenses, and othermetrics, RFA is undoubtedlymore in line
with the diverse expectations of HCC patients.

Compared with other treatment in HCC, RFA has unique ad-
vantages. To begin with, RFA outperforms solo TACE in terms of
tumor control. For large HCCs sized 5e8 cm, despite comparable
long-term survival and rates of complication, RFA achieved better
initial tumor control.23 In the case of HCC less than 3 cm in size, RFA
had comparable OS and recurrence-free survival with TACE.24,25

Notably, Yun et al.26 found that the RFA group had a greater com-
plete response and 5-year recurrence survival rate than the TACE
group. Secondly, two thorough Meta-analyses showed that RFA
outperforms stereotactic body radiation (SBRT) in terms of OS and
disease control.27,28 Kim et al.29 included 2064 patients treatedwith
RFA or SBRT, and while RFA and SBRT had comparable 1-year
recurrence rates, RFA has a greater OS. However, despite RFA
Table 1
Comparison of LR with RFA for HCC.

Variable Conticchio et al.17 Feng et al.18

LR RFA P-value LR RFA P-v

Publishing year 2021 2020
Study design RCT Retrospective study
Tumor diameter <5 cm <5 cm
Number (n) 136 136 91 199
DFS or PFS (%)
1-year 84.0 63.0 0.001 50.2 56.5 0.8
3-year 60.0 36.0 21.9 27.9
5-year 44.0 25.0 19.2 14.6

Overall survival (%)
1-year 91.0 97.0 0.001 87.7 90.7 0.1
3-year 80.0 67.0 62.9 69.0
5-year 76.0 41.0 38.1 55.6

Abbreviations: DFS, disease free survival; HCC, hepatocellular carcinoma; LR, liver resec
frequency ablation.
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having better disease control than SBRT, SBRT was used for patients
who are not amenable to RFA in practice. Taken together, RFA could
have a wider range of indications in the future cancer treatment.

2.2. Extension of newly developed devices

Some innovative ablation devices have recently been developed
to improve the safety of ablation focus, including microwave
ablation (MWA), cryoablation, laser ablation, irreversible electro-
poration (IRE), multi-tined RFA, and no-touch RFA using bipolar
electrodes.30e35 MWA, in particular, can induce a higher ablation
volume than traditional RFA, making it more appropriate for the
treatment of large liver tumors (>5 cm).36 Hocquelet et al.35 proved
that no-touch multipolar RFA has a lower recurrence rate than
other ablation devices. Furthermore, unlike monopolar RFA, which
causes heat centrifugal diffusion, no-touch multipolar RFA causes
heat centripetal diffusion by two or more separate electrodes,
allowing for better control of the shape and range of the ablation
focus and, as a result, a higher complete necrosis rate of the tumor
during pathological examination.33 Although there are still many
defects, it is obvious that RFA or other ablation techniques have
great potential to successfully treat large or multiple liver cancers.

2.3. Advances in ablation-assisted technology

According to the image-guided percutaneous ablation tech-
nique, “high-risk location” liver cancer is classified into two types,
superficial lesion (on the surface of the liver) and central lesion
(near the vena cava). The former mainly includes the diaphragm,
gallbladder, and gastrointestinal tract. Thermal ablation of a liver
tumor can easily result in lung injury, broncho biliary fistula,
gastrointestinal perforation, and other complications. The latter
mainly refers to the confluence of hepatic veins, hilar and caudate
lobes. Ablation in this location is prone to causing biliary tract and
vascular damage. Because image-guided percutaneous puncture
was nearly the only ablation strategy available at the start of local
ablation for tumor treatment, “high-risk location” HCC is currently
considered a contraindication to ablation treatment. Nowadays,
with the application of various auxiliary technologies, thermal
ablation of “high-risk site” HCCs has been able to obtain safe and
effective outcomes.

2.3.1. Artificial ascites and pleural effusion
In recent years, some researchers have attempted to use artifi-

cial pleural effusion or artificial ascites technology to aid ablation to
increase the safety and thoroughness of image-guided
Hsiao et al.19 Wang et al.20

alue LR RFA P-value LR RFA P-value

2020 2012
RCT RCT
<2 cm <5 cm
156 231 52 91

00 94.6 87.7 <0.001 89.8 68.8 0.006
84.1 62.1 62.1 39.8
78.3 46.8 40.7 29.3

10 100.0 100.0 <0.001 98.0 96.7 0.073
97.2 88.6 98.0 80.3
93.4 73.5 91.5 72.0

tion; PFS, progression-free survival; RCT, randomized controlled trials; RFA, radio-
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percutaneous RFA for malignancies on the liver surface. Rhim
et al.37 found that visibility was achieved in 93.4% of patients with
HCC abutting the diaphragm. Kitchin et al.38 found that perfor-
mance success rates were considerably greater in groups with fake
ascites than in the control group. With the assistance of artificial
ascites, the danger of organ perforation caused by percutaneous
RFA is greatly reduced in HCC near the stomach, colon, or gall-
bladder, or abutting the diaphragm.39 Also, in a study that enrolled
44 patients with HCC abutting the diaphragm, artificial ascites-
assisted RFA have low risks of right shoulder pain and lung
injury.40 As can be seen, RFA is entirely capable of successfully
treating some “high-risk” tumors on the surface of the liver with
the use of artificial ascites technology.

2.3.2. RFA assisted by laparoscopy or laparotomy
RFA under laparoscope and laparotomy is another choice for

HCC located on the liver surface, which reflects the classic combi-
nation of minimally invasive surgery and interventional therapy.
Laparotomy approach ablation with more severe harm has been
seldom used in recent years, with the combined use of brachy-
therapy or percutaneous ethanol injection with RFA, whereas
laparoscopic RFA is increasingly performed.41e43 Due to imprecise
positioning and limited ablation range, percutaneous RFA of high-
risk liver cancer is typically difficult to acquire a reasonable com-
plete ablation rate. Some studies indicated that laparoscopic RFA is
safe and could achieve comparable outcomes compared with
percutaneous RFA or surgery.44,45 Laparoscopic RFA is also regarded
as a first-line treatment choice for HCC near the diaphragm, gall-
bladder, and gastrointestinal system, as it reduces the risk of tu-
moral seeding and enhances overall complete response (Fig. 1).46
2.4. Other neglected important values of thermal ablation

Local ablation provides several advantages over surgical resec-
tion, in addition to its similar efficacy, which mainly includes: (i)
Fig. 1. Laparoscopic direct-vision microwave ablation of hepatocellular carcinoma cl
gallbladder-tumor adhesion. (B) Preparing for laparoscopic-assisted tumor ablation. (C) Fo
under direct laparoscopic visualization to begin the multiple tracts, location, and angle abla
coagulation necrosis of the tumor.

110
Fewer severe complications and extremely low mortality; (ii)
Preservation of more healthy liver tissue; (iii) Quick and simple
ablation process; (iv) Quick recovery and short hospital stay; (v)
Rare long-term sequelae and higher quality of life after ablation;
(vi) Repeated application; and (vii) Lower treatment costs. Because
of the benefits listed above, local ablation may enable more HCC
patients to achieve curative outcomes and longer-term survival
with a higher quality of life.
3. Combinational strategy of RFA with other therapies for
HCC

Some research demonstrated that RFA alone is associated with a
higher risk of tumor recurrence at 5 years compared with surgery
for small HCC.32,47 Furthermore, for advanced HCC, RFA alone is
difficult to achieve adequate long-term survival, and the adaptable
population is small. Therefore, the combination of RFA and other
treatment technologies is particularly important, which is also
another way to maximize the real value of local ablation. Three
combination therapy options will be thoroughly examined in this
section (Fig. 2).

3.1. RFA with TACE

TACE is the primary therapy option for patients with BCLC stages
BeC who are not candidates for surgical resection, according to
current guidelines.4 TACE utilized a microcatheter for local
chemotherapy followed by catheterization of a targeted branch of
the liver tumor. TACE aimed to transport chemical medications into
tumors while avoiding systemic harm to normal liver and other
tissues. Furthermore, tumor embolization generated tumor hyp-
oxia, which may increase the sensitivity of liver cancers to local
chemotherapy.48,49 In clinical settings, doxorubicin, cisplatin, and
mitomycin are commonly used. However, because TACE alone re-
sults in a lower rate of tumor total necrosis, combining TACE with
ose to the gastrointestinal tract. (A) Tumor imaging before laparoscopic ablation,
llowing gallbladder protection, a microwave electrode was introduced into the tumor
tion process. (D) The shape of the ablation focus after treatment. It showed complete



Fig. 2. RFA in combination with TACE, TKIs, and ICIs. A combination of RFA with
TACE could enhance tumor hypoxia and sensitivity to heat, thus improving RFA effi-
ciency. TKIs may also reduce remaining tumors when used in conjunction with TKIs,
and heat stimulation may make tumor cells more responsive to this. RFA could
enhance the immunogenicity of the tumor, provoking an intrinsic anti-tumor
response. This combinational technique, when combined with PD-1, CTLA-4, and PD-
L1 antibodies, has the potential to significantly improve immune response. Abbrevi-
ations: Ab, antibody; CTLA-4, cytotoxic T lymphocyte-associated antigen 4; ICI, im-
mune checkpoint inhibitor; PD-1, programmed death-1; PD-L1, programmed death-
ligand 1; RFA, radiofrequency ablation; TACE, transarterial chemoembolization; TKIs,
tyrosine kinase inhibitors.
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other technologies or systemic medication therapy has become the
standard therapeutic method for advanced liver cancer. Large or
numerous liver tumors with abundant blood supply can generally
have partial necrosis after one or more TACE treatments, laying the
groundwork for further surgical resection or local ablation to
eradicate the leftover active tumor tissue.

Several retrospective types of research proved that this combi-
nation is feasible and safe.50e52 Wang et al.53 revealed that when
compared to surgery in HCC, RFA plus TACE achieved equivalent
overall survival and recurrence in 5 years. According to Kim et al.,54

TACE combined with RFA appears to result in a longer hospital stay,
more frequent patient discomfort, and more problems than RFA or
TACE alone. Furthermore, in large HCC, certain randomized
controlled trials found that RFA plus TACE improved overall survival
and recurrence-free survival compared to RFA alone. However, as
for small HCCs less than 3 cm, combination therapy seems
ineffective.55e57 When combined, RFA and TACE could be useful
treatments for advanced HCC that is not amenable to surgical
resection (Table 2).58e63

3.2. RFA with TKIs

TKIs were a type of oral small-molecule multi-kinase inhibitor
that inhibited tumor angiogenesis and cell proliferation by inhib-
iting the phosphorylation of vascular endothelial growth factor
(VEGR), epidermal growth factor receptor (EGFR) and platelet-
derived growth factor receptor (PDGFR).64 The USA Food and
Drug Administration has approved five TKIs (sorafenib, lenvatinib,
cabozantinib, ramucirumab, and regorafenib) for the treatment of
unresectable HCC. Sorafenib and lenvatinib, two of the five
approved TKIs, were recommended as the first-line therapy for
patients with advanced-stage HCC.4,65 In comparison with the
placebo, sorafenib significantly extended median overall survival
(sorafenib: 10.7 months vs. placebo: 7.9 months).66 In the case of
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lenvatinib, despite the lack of data demonstrating an advantage
over sorafenib in terms of overall survival, progression-free survival
was enhanced from 3.7 months to 7.4 months.67 TKI monotherapy
had a low overall response rate for advanced HCC, however,
combining TKIs with other therapeutic methodsmay assist patients
in clinical practice. In this section, wewill describe recent advances
in the combinational strategy of RFA and TKIs in the treatment of
liver cancer.

Updated, several clinical data of sorafenib combined with RFA
have been disclosed. Much research is being conducted to evaluate
the synergistic role of sorafenib in conjunction with RFA. Some
Meta-analyses has proven combination therapy with RFA plus
sorafenib has a better response than each treatment alone.68,69 A
retrospective study discovered that plus sorafenib significantly
enhanced OS in HCC patients with BCLC stage C but no vascular
invasion or extrahepatic dissemination, with 1-, 3-, 5-year survival
rates of 84.0%, 43.1%, and 22.8%, respectively, compared to 55.6%,
29.6%, and 4.8%, respectively.70 For the treatment of medium-sized
HCC, Kan et al.71 reported that RFA combined with sorafenib effi-
ciently prolonged survival time and decreased recurrence rate. One
study found that RFA plus sorafenib significantly improved overall
survival compared to sorafenib alone, in patients with unresectable
large HCC (diameter 5 cm), with 1-, 2-, and 3-year survival rates of
56.9%, 34.3%, 11.7% vs. 42.5%, 22.0%, and 5.5%, respectively.72 Pre-
clinical studies in HCC mice indicated that sorafenib might reduce
hypoxia inducible factor 1a (HIF-1a) and vascular endothelial
growth factor A (VEGFA) expression after RFA therapy.73

For other TKIs, one pre-clinical study observed that sunitinib
together with RFA greatly ignited intrinsic anti-tumor immune
response in the murine HCC model. Mechanically, sunitinib sup-
pressed hepatocyte growth factor (HGF) and vascular endothelial
growth factor (VEGF) signaling pathways upon heat stimulation,
allowing RFA-released in situ tumor-specific antigen to elicit an
effective anti-tumor immune response.74 However, at present, this
pre-clinical finding lacks clinical evidence in HCC patients. Also,
one case report also indicated the potential combinational strategy
for EGFR kinase inhibitor and RFA for the treatment of EGFRmutant
advanced lung cancer.75 Through follow-up observation, these two
patients showed tumor remission after combinational therapy.

In conclusion, RFA combined with sorafenib had a greater clin-
ical response than either treatment alone and should be considered
as an alternative therapy option. Also, many other combinational
strategies with newly developed TKIs ought to be tried in the
future.

3.3. RFA with immunotherapy

Cancer immunotherapy has achieved remarkable advances in
recent years. Patients treated with checkpoint blockade therapy
have shown remarkable clinical responses in a variety of solid
malignancies (e.g., non-small cell lung cancer, melanoma, bladder
cancer, and HCC). HCC and other tumor cells exploited different
mechanisms evading immunosurveillance and anti-tumor immune
response by T cells. Many co-inhibitory receptors, such as pro-
grammed death-1 (PD-1), cytotoxic T lymphocyte-associated anti-
gen 4 (CTLA-4), Tim-3, and lymphocyte-activation gene 3 (LAG-3),
are upregulated in activated T cells, limiting effector actions in the
tumor microenvironment (TME).76,77 As the major ligand of PD-1,
PD-L1 was mainly expressed by tumor cells and immunosuppres-
sive cells including regulatory T (Treg) cells, myeloid-derived sup-
pressor cells (MDSCs), and stromal cells. The combination of PD-1
and PD-L1 could significantly inhibit T cell function and lead to T
cell exhaustion in TME. Also, NK cells and dendritic cells in TME
may upregulate PD-1 in TME, thus impairing anti-tumor response.
Blocking these immunological checkpoints mechanically could



Table 2
Comparison of RFA þ TACE with LR for HCC.

Variable Peng et al.58 Takuma et al.59 Li et al.60 Bholee et al.61 Kagawa et al.62 Kim et al.63

LR R þ T P-value LR R þ T P-value LR R þ T P-value LR R þ T P-value LR R þ T P-value LR R þ T P-value

Publishing year 2018 2013 2015 2017 2010 2013
Study design RCT Retrospective study RCT Retrospective study Retrospective study Retrospective study
Tumor diameter <5 cm <5 cm <2 cm 3e5 cm <3 cm 2e5 cm
Number (n) 79 107 176 154 148 137 148 74 55 62 49 37
Disease free survival (%)
1-year 64.8 58.2 0.258 84.0 85.0 0.048 75.0 92.0 0.001 68.9 87.8 0.619 75.6 64.5 0.010 81.8 89.2 NA
3-year 41.6 35.2 56.0 37.0 58.0 69.0 49.2 48.3 41.1 40.1 68.5 69.4
5-year 38.3 29.6 40.0 15.0 44.0 61.0 40.9 33.5 36.4 18.0 NA NA

Overall survival (%)
1-year 84.8 84.6 0.871 95.0 99.0 0.393 88.0 95.0 0.004 91.2 94.6 0.488 92.5 100.0 0.788 95.7 97.3 NA
3-year 60.2 66.9 87.0 88.0 66.0 74.0 64.4 75.1 82.7 94.8 84.3 78.4
5-year 51.9 49.1 75.0 70.0 47.0 67.0 47.7 55.3 76.9 64.6 NA NA

Abbreviations: HCC, hepatocellular carcinoma; LR, liver resection; NA, not applicable; R þ T, radiofrequency ablation plus transarterial chemoembolization; RCT, randomized
controlled trials; RFA, radiofrequency ablation; TACE, transarterial chemoembolization.
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restore the function of T cells, NK cells, and dendritic cells.78 Among
different checkpoint blockade inhibitors, anti-PD-1, PD-L1 and
CTLA-4 antibodies were mostly used in the clinic.

RFA has been proven in numerous in vivo and in vitro studies to
greatly increase tumor-associated antigen release and T cell acti-
vation in situ and at distant tumor sites.79,80 Theoretically, RFA
combined with immunotherapy can greatly improve tumor
antigen-specific T-cell responses and enhance the effect of
immunotherapy.

RFA therapy reduced the proportions of immunosuppressive
cells such as tumor-associated macrophages, Treg cells, and tumor-
associated neutrophils while increasing the numbers of effect T
cells in distant metastatic tumors.81,82 However, the initially
powerful immune response elicited by RFA was transient and did
not induce a long-lasting anti-tumor response, as evidenced by the
upregulation of PD-1/PD-L1 axis and a shift to a higher Treg cell to
effector T cell ratio in tumor cells after RFA.83 Also, immunosup-
pression function in macrophages was enhanced after RFA. Me-
chanically, heat-treated cells are engulfed by macrophages by
autophagy-associated phagocytosis, increasing IL-4 production
andmacrophage programming via the PI3Kgamma/AKT pathway.84

According to several research data, Wang et al.85 deduced a
schematic representation of ablation-induced immunological ef-
fects on HCC. Local and systemic anticancer responses could be
improved by ablation by boosting anti-tumor immunity and
decreasing immunosuppressive effects. On the one hand, non-
specific tumor killing is achieved by activating or increasing
innate immune cells and cytokines that destroy tumor cells. The
activation of or increase in adaptive immune cells and the release of
tumor-associated or tumor-specific antigens mediates specific anti-
tumor immunity. However, the immunological responses of local
ablation are generally weak and may not be sufficient to sustain
anti-tumor actions and avoid recurrence.

All these results suggested a shift from an immune activation to
an immune suppression environment after RFA therapy. In clinical
settings, it is uncertain if combination therapy with checkpoint
blockade inhibitors and RFA is superior to RFA monotherapy due to
a paucity of randomized controlled trials. A propensity score
matching analysis revealed that anti-PD-1 antibody plus RFA
improved survival in patients with recurrent HCC more than RFA
alone.86 In another clinical trial,87 tried to assess whether ablation
could be combined safely and feasibly with anti-CTLA-4 antibody.
The result demonstrated that RFA in conjunction with trem-
elimumab cause intra-tumoral CD8þT cell accumulation, good
clinical activity, and a putative surrogate reduction in HCV viral
load. As a result, it could be a promising new therapy option for
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individuals with advanced HCC. Although some studies have shown
that patients can benefit from the combination of RFA and check-
point blockade inhibitors, more clinical evidence is needed.
4. Challenges and prospects for thermal ablation

Local ablation hasmade significant progress worldwide over the
last 30 years, but there has been no qualitative leap in terms of
popularization or indication expansion. In comparison to surgical
resection, which has a history of more than 100 years, local abla-
tion, which has a history of barely 30 years, is relatively immature,
as evidenced by: (i) The ablation equipment and operation means
in most hospitals are still relatively single, which cannot meet the
needs for ablation of complex tumors. (ii) The ablation clinicians
originate from many disciplines, and there is a clear gap in their
overall medical management and operation skill. Thus, standard-
ized training should be carried out concerning surgery. (iii) Abla-
tion practitioners are primarily concerned with how to improve
their ablation skills and are opposed to high-quality clinical trials.
(iv) There are still significant gaps in basic and translational
research linked to tumor ablation.

Overall, the indications of thermal ablation are limited, and its
real therapeutic value has not been fully demonstrated. Improving
various ablation technologies, selecting suitable operational tech-
niques, and establishing an ideal holistic treatment system are the
fundamental tenets for HCC patients to attain long-term survival
with a great quality of life. It is gratifying that the current therapies
of HCC have been unprecedentedly rich, but no therapy can inde-
pendently obtain a perfect treatment outcome. Long-term survival
of HCC patients is the consequence of multi-disciplinary and multi-
technology collaboration. However, surgical resection and ablation
technology are undoubtedly the leaders in the local treatment of
HCC.
5. Conclusions

Because of the limitations of surgical resection, it will be
required in the future to construct two comprehensive treatment
systems centered on surgical resection or local ablation. They are
not only relatively independent but also combined. More impor-
tantly, to improve the treatment system, local ablation must learn
from surgical training and the complete process management
model. In this way, local ablation technology can benefit more HCC
patients, and show its real value to the greatest extent.
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