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Role of percutaneous thermal ablation in cancer treatment
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ABSTRACT

The main aim of using thermal ablation strategies is to eliminate the targeted malignant cells within a specific volume.
However, it should be noted that some researchers have reported the potential limitations of some of these techniques.
On the other hand, more updated investigations indicated that these limitations could be overcome by the adjuvant use
of other management modalities as chemotherapy. Many limitations have been reported with the modality, including
the prolonged therapeutic time. Therefore, cryoablation and microwave ablation techniques were introduced in the
literature as safe and efficacious modalities that overcame the limitations of the radiofrequency technique. Overall,
percutaneous thermal ablation is associated with favorable outcomes and should be used in clinical settings due to the

various advantages that have been reported for the modality, in addition to being less invasive.
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INTRODUCTION

Percutaneous ablation therapy has been introduced as a
non-invasive modality that uses needle-like parameters for
the effective introduction of the therapeutic technique. It
has been demonstrated that the modality involved thermal
and non-thermal techniques. The thermal techniques
include a microwave and radiofrequency ablation, as well
as cryoablation. On the other hand, the non-thermal
techniques include irreversible electroporation and

chemical ablation. The main goal of using thermal ablation
strategies is to eliminate the targeted malignant cells within
a specific volume.?

Since the introduction of these modalities to the medical
field, evidence shows that they have been widely accepted
and used to manage different focal malignant lesions
related to the lungs, liver, kidneys, and bones.?® However,
it should be noted that some researchers have reported the
potential limitations of some of these techniques. On the
other hand, more updated investigations indicated that

International Journal of Community Medicine and Public Health | December 2021 | Vol 8 | Issue 12 Page 6132



Ahmad DJ et al. Int J Community Med Public Health. 2021 Dec;8(12):6132-6136

these limitations could be overcome by the adjuvant use of
other management modalities as chemotherapy.”® In the
present literature review, we aim to discuss the role of
percutaneous thermal ablation in managing cancer based
on evidence from the current investigations in the
literature.

METHODS

This literature review is based on an extensive literature
search in Medline, Cochrane, and EMBASE databases
which was performed on 25th September 2021 using the
medical subject headings (MeSH) or a combination of all
possible related terms, according to the database. To avoid
missing potential studies, a further manual search for
papers was done through Google Scholar, while the
reference lists of the initially included papers. Papers
discussing the role of percutaneous thermal ablation in
managing cancer were screened for useful information. No
limitations were placed on date, language, age of
participants, or publication type.

DISCUSSION
Overview

The main aim of applying the differently reported thermal
ablation strategies is to lessen the size of and eliminate the
tumor tissues. This can be done by influencing a state of
irreversible cellular injury whether by decreasing or
increasing the temperature level. Hyperthermic ablation
and cryoablation are the two main strategies that have been
reported for the process of thermal ablation. Using these
strategies, they have been demonstrated that different
energies as electromagnetic and ultrasound sources are
used as the main source of energy. Other techniques were
also reported in the literature as efficacious modalities that
can induce cellular necrosis. Nevertheless, these were not
adequately validated in the literature. Therefore, we will
not discuss them in the current review. We will focus on
the percutaneous thermal ablation approaches that have
been adequately validated in the literature together with
their clinical use for managing hepatocellular, renal cell,
and lung cancer. Cytotoxic temperatures should be
directed at the tumor tissue and the surrounding margins to
make sure that the tumor was adequately eradicated with
favorable prognostic outcomes. Several factors can
influence the capability of cooling or heat the different
sizes of the tumor tissues within the different
environments.

Hepatocellular carcinoma

The modality was also reported to treat hepatocellular
carcinoma. In the 1990s, evidence shows that
radiofrequency ablation was first introduced in the
literature and clinically applied on a huge scale in the
settings of treating hepatocellular carcinoma, particularly
for deep-seated and recurrent liver cancers and small liver
cancer.'®! In a previous investigation by Huang et al it has

been demonstrated that the long-term efficacy for
radiofrequency percutaneous ablation was not inferior to
surgical resection of hepatocellular carcinoma <2cm
among 833 included patients.*? In a previous investigation
by Xu et al the authors described the use of the modality
using microwave and radiofrequency ablation to manage
hepatocellular carcinoma.'® The study reported that they
managed to get complete ablation in most of the cases
(92.6%). Besides, it has been demonstrated that the mean
survival time was 32 months with estimated cumulative
survival rates of 50.0%, 58.5%, and 75.6% at 3, 2, and 1
year, respectively. In 2013, a previous comparative
investigation was also published by Zhang et al that
compared the effectiveness of radiofrequency against
microwave  percutaneous ablation to  manage
hepatocellular carcinoma.** The authors reported that the
complete ablation rates were comparable between the two
groups, being 86.7% and 83.4% for microwave and
radiofrequency ablation, respectively. Furthermore, the
differences between the included two groups were non-
significant with regards to the mean disease-free survival
and overall rates at 5, 3, and 1 year. However, it has been
observed that the radiofrequency ablation group had a
more significant disease-free survival rate than the
microwave ablation group. Accordingly, the authors
generally concluded that the efficacy of both modalities is
significant with favorable outcomes and comparable
parameters, and both can be effectively used in managing
hepatocellular carcinoma. Favorable findings were also
reported in the previous investigation by Yin et al that
reported the effectiveness of using computed tomography-
guided percutaneous microwave ablation to manage
hepatocellular carcinoma.*® The authors reported that the
overall survival rates were 95.45%, and 89.09% for the
included patients at 1 and 2 vyears, respectively.
Furthermore, it has been reported that no fatal
complications were estimated among the included cohort,
and a worse overall survival was significantly associated
with tumor-related symptoms and/or tumor invasion of
blood vessels. The only significant risk factor that was
reported for tumor recurrence was also reported to be
correlated with the number of the underlying nodules. The
efficacy of high-power microwave percutaneous ablation
was also investigated by Zhang et al.*¢ It has been reported
that for 3-5 cm lesions, the estimated ablation rates were
82.61%, and 100% for the 1st and 2nd ablation,
respectively. However, it has been reported that local
recurrence was observed among 24.44% of patients, and
the overall survival rates were 95.56% and 86.67% for 1
and 2 vyears, respectively. There were no major
complications or mortality events noticed that might be
related to the treatment procedure. Local recurrence was
significantly associated with hepatitis B viral infection, the
proximity of the risk area, the number of lesions, and the
levels of pre-ablation alpha-fetoprotein. A recent meta-
analysis that was conducted by Han et al analyzed the
findings of 26 investigations, including 21 cohort studies
and five randomized controlled trials, to compared the
efficacy of radiofrequency and microwave percutaneous
ablation and reported that no significant difference was
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noticed between the two groups in terms of overall, and
disease-free survival rates.t” Furthermore, the authors
demonstrated that median ablation time was significantly
longer in the radiofrequency group than in the microwave
one. Accordingly, it has been demonstrated that both
modalities have similar therapeutic effects, however,
microwave percutaneous ablation can be performed under
local anesthesia due to the estimated short median ablation
time among the included population.

Despite the reported efficacy of radiofrequency
percutaneous ablation, evidence also shows that the
modality has been reported with many limitations. Among
the reported limitations, the most important one is the heat
sink effect which can limit the ability of the modality to
limit the efficacy of the modality in inactivating the tumor
cells. Therefore, might not achieve adequate ablation.®
This has been indicated in a previous in vitro investigation
by Lehmann et al that showed that an obvious heat sink
effect was obtained by a minimum vascular flow of
ImL/min.® Lin et al also reported that the minimum
vascular flow can be used as an independent tool that can
predict the potential of recurrence following
radiofrequency percutaneous ablation.° On the other hand,
this disadvantage is not present when the microwave
percutaneous ablation modalities are used because when
using this modality, charged ions and polar molecules
within the body of the affected patient are used to generate
the targeted heat using external high-frequency microwave
electric powers.’322 Many advantages have been
reported for favoring the modality over radiofrequency
percutaneous ablation. These include reduced ablation
time, increased infra-tumor temperature, increased
ablation range. Therefore, the modality is less likely to be
affected by the vascular heat sink.2%

Renal cell carcinoma

Evidence also shows that the modality has been effectively
used for the management of renal cell carcinoma. Different
investigations have compared the efficacy of the modality
to different management approaches. In a previous meta-
analysis that was conducted by Dib et al the authors
analyzed the results of 31 case series investigations that
reported the efficacy of radiofrequency ablation and
cryoablation for the treatment of renal cell carcinoma.?®
The authors reported that the pooled total clinical efficacy
for radiofrequency percutaneous ablation for the
management of renal cell carcinoma was 90% with no
significant  heterogeneity =~ among the included
investigations. Furthermore, the estimated clinical efficacy
for cryoablation was 89% in this context. However, the
heterogeneity among the included investigations was
significant. Furthermore, it has been reported that no
significant differences were noticed between patients that
were indicated for the administration of both modalities,
indicating the efficacy and safety of both modalities in the
management of renal cell carcinoma. In another meta-
analysis, Patel et al analyzed the results of 58
investigations and reported that thermal ablation and

partial nephrectomy had similar rates of worse renal
functions.?” No significant differences were noticed
between the two groups in terms of renal functions.
Finally, it has been demonstrated that the rates of
developing end-stage renal disease were low among the
different approaches that were analyzed in this study.
Katsanos et al also conducted a meta-analysis to compare
the efficacy and safety of using either percutaneous
thermal ablation and surgical nephrectomy for the
management of small renal cell carcinoma.? A total of 6
studies, including five cohort investigations and 1
randomized clinical trial, were included in the final
analysis. It has been reported that the ablation group was
associated with a significantly lower rate of complications
compared to the surgery group. Although a significant
decline was noticed among patients within the surgery
group more than the ablation one, the authors demonstrated
that the 5-year disease-free survival and local recurrence
rates were similar between the two groups. Therefore, it
has been concluded that the efficacy of thermal ablation is
similar to that of surgical nephrectomy with the advantage
of being associated with lower rates of complications.

Lung tumors

Evidence indicates that certain patients are usually
indicated to receive percutaneous thermal ablation. For
instance, among the different lung tumors, evidence shows
that patients suffering from non-small cell lung cancer
(NSCLC) and other metastatic lesions are indicated to
receive the therapeutic modality. However, no clear
guidelines were reported in the literature to indicate the
frequency and application of using the modality in these
patients. A previous study also showed that it could be used
in recurrent cases as salvage therapy in cases that were
previously treated with radiation. Severe lung emphysema
is an absolute contraindication in these patients, while
impaired pulmonary  functions are relative
contraindications. Many management modalities have
been proposed for NSCLC, including surgery and
percutaneous thermal ablation. In a previous review,
Palussiere et al estimated the efficacy of using
radiofrequency thermal ablation in the management of
different lung tumors and reported that the efficacy of
achieving complete ablation ranges between 80 and 90%
for tumors <3 cm.? On the other hand, it should be noted
that a previous investigation by Simon et al concluded that
the clinical efficacy of the radiofrequency percutaneous
thermal ablation is not significant in the settings of
managing T2 tumors (>3 ¢cm).*® This has been furtherly
indicated in further investigations that demonstrated that
local recurrence rates are relatively high in these situations,
and analysis showed that tumor size is the only factor that
can predict local recurrence and reduced efficacy of the
modality. A tripled rate of failure has been furtherly
estimated for tumors >2 cm.®% It has been furtherly
demonstrated that the modality is associated with many
limitations that have been previously discussed. Therefore,
cryotherapy and microwaves were effectively introduced
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to overcome these limitations and were also reported with
less frequent complications. 233

CONCLUSION

Our findings indicate the significant effectiveness of
radiofrequency thermal ablation in the management of
these tumors. However, many limitations have been
reported with the modality, including the prolonged
therapeutic time. Therefore, cryoablation and microwave
ablation techniques were introduced in the literature as safe
and efficacious modalities that overcame the limitations of

the

radiofrequency technique. Overall, percutaneous

thermal ablation is associated with favorable outcomes and
should be used in clinical settings as a result of the various
advantages that have been reported for the modality, in
addition to being less invasive.

Funding: No funding sources
Conflict of interest: None declared
Ethical approval: Not required

REFERENCES

1.

Ahmed M, Brace CL, Lee FT, Jr., Goldberg SN.
Principles of and advances in percutaneous ablation.
Radiology. 2011;258(2):351-69.

Chen Z, Xie H, Hu M. Recent progress in treatment
of hepatocellular carcinoma. American journal of
cancer research. 2020;10(9):2993-3036.

Livraghi T, Solbiati L, Meloni MF, Gazelle GS,
Halpern EF, Goldberg SN. Treatment of focal liver
tumors with percutaneous radio-frequency ablation:
complications encountered in a multicenter study.
Radiology. 2003;226(2):441-51.

Gervais DA, McGovern FJ, Arellano RS, McDougal
WS, Mueller PR. Renal cell carcinoma: clinical
experience and technical success with radio-
frequency ablation of 42 tumors. Radiology.
2003;226(2):417-24.

Dupuy DE, DiPetrillo T, Gandhi S. Radiofrequency
ablation followed by conventional radiotherapy for
medically inoperable stage | non-small cell lung
cancer. Chest. 2006;129(3):738-45.

Callstrom MR, Atwell TD, Charboneau JW. Painful
metastases involving bone: percutaneous image-
guided cryoablation--prospective trial interim
analysis. Radiology. 2006;241(2):572-80.
Yamakado K, Nakatsuka A, Takaki H. Early-stage
hepatocellular carcinoma: radiofrequency ablation
combined  with  chemoembolization  versus
hepatectomy. Radiology. 2008;247(1):260-6.
Goldberg SN, Kamel IR, Kruskal JB.
Radiofrequency ablation of hepatic tumors: increased
tumor  destruction with adjuvant liposomal
doxorubicin therapy. AJR American journal of
roentgenology. 2002;179(1):93-101.

Jain SK, Dupuy DE, Cardarelli GA, Zheng Z,
DiPetrillo TA. Percutaneous radiofrequency ablation
of pulmonary malignancies: combined treatment with

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

brachytherapy. AJR  American
roentgenology. 2003;181(3):711-5.
Lin SM. Local ablation for hepatocellular carcinoma
in taiwan. Liver cancer. 2013;2(2):73-83.

lkeda K, Osaki Y, Nakanishi H. Recent progress in
radiofrequency ablation therapy for hepatocellular
carcinoma. Oncology. 2014;87:73-7.

Huang Y, Shen Q, Bai HX. Comparison of
Radiofrequency Ablation and Hepatic Resection for
the Treatment of Hepatocellular Carcinoma 2 cm or
Less. Journal of vascular and interventional radiology
- JVIR. 2018;29(9):1218-25.

Xu HX, Xie XY, Lu MD. Ultrasound-guided
percutaneous thermal ablation of hepatocellular
carcinoma using microwave and radiofrequency
ablation. Clinical radiology. 2004;59(1):53-61.
Zhang L, Wang N, Shen Q, Cheng W, Qian GJ.
Therapeutic efficacy of percutaneous radiofrequency
ablation ~ versus  microwave  ablation  for
hepatocellular carcinoma. PloS one.
2013;8(10):e76119.

Yin T, Li W, Zhao P, Wang Y, Zheng J. Treatment
efficacy of CT-guided percutaneous microwave
ablation for primary hepatocellular carcinoma.
Clinical radiology. 2017;72(2):136-40.

Zhang NN, Lu W, Cheng XJ, LiuJY, Zhou YH, Li F.
High-powered microwave ablation of larger
hepatocellular carcinoma: evaluation of recurrence
rate and factors related to recurrence. Clinical
radiology. 2015;70(11):1237-43.

Han J, Fan YC, Wang K. Radiofrequency ablation
versus microwave ablation for early stage
hepatocellular carcinoma: A PRISMA-compliant
systematic review and meta-analysis. Medicine
(Baltimore). 2020;99(43):€22703.

Al-Alem I, Pillai K, Akhter J, Chua TC, Morris DL.
Heat sink phenomenon of bipolar and monopolar
radiofrequency ablation observed using
polypropylene tubes for vessel simulation. Surgical
innovation. 2014;21(3):269-76.

Lehmann KS, Poch FG, Rieder C. Minimal vascular
flows cause strong heat sink effects in hepatic
radiofrequency ablation ex vivo. Journal of hepato-
biliary-pancreatic sciences. 2016;23(8):508-16.

Lin ZY, Li GL, Chen J, Chen ZW, Chen YP, Lin SZ.
Effect of heat sink on the recurrence of small
malignant hepatic tumors after radiofrequency
ablation. Journal of cancer research and therapeutics.
2016;12:C153-8.

Yin XY, Xie XY, Lu MD. Percutaneous thermal
ablation of medium and large hepatocellular
carcinoma: long-term outcome and prognostic
factors. Cancer. 2009;115(9):1914-23.

Sakaguchi H, Seki S, Tsuji K. Endoscopic thermal
ablation therapies for hepatocellular carcinoma: a
multi-center study. Hepatology research : the official
journal of the Japan Society of Hepatology.
2009;39(1):47-52.

Shibata T, limuro Y, Yamamoto Y. Small
hepatocellular carcinoma: comparison of radio-

journal  of

International Journal of Community Medicine and Public Health | December 2021 | Vol 8 | Issue 12 Page 6135



24,

25.

26.

27.

28.

29.

Ahmad DJ et al. Int J Community Med Public Health. 2021 Dec;8(12):6132-6136

frequency ablation and percutaneous microwave
coagulation therapy. Radiology. 2002;223(2):331-7.
Facciorusso A, Serviddio G, Muscatiello N. Local
ablative treatments for hepatocellular carcinoma: An
updated review. World journal of gastrointestinal
pharmacology and therapeutics. 2016;7(4):477-89.
Pillai K, Akhter J, Chua TC. Heat sink effect on
tumor ablation characteristics as observed in
monopolar radiofrequency, bipolar radiofrequency,
and microwave, using ex vivo calf liver model.
Medicine (Baltimore). 2015;94(9):e580.

El Dib R, Touma NJ, Kapoor A. Cryoablation vs
radiofrequency ablation for the treatment of renal cell
carcinoma: a meta-analysis of case series studies.
BJU international. 2012;110(4):510-6.

Patel HD, Pierorazio PM, Johnson MH. Renal
Functional Outcomes after Surgery, Ablation, and
Active Surveillance of Localized Renal Tumors: A
Systematic Review and Meta-Analysis. Clinical
journal of the American Society of Nephrology:
CJASN. 2017;12(7):1057-69.

Katsanos K, Mailli L, Krokidis M, McGrath A,
Sabharwal T, Adam A. Systematic review and meta-
analysis of thermal ablation versus surgical
nephrectomy for small renal tumours. Cardiovascular
and interventional radiology. 2014;37(2):427-37.
Palussiere J, Catena V, Buy X. Percutaneous thermal
ablation of lung tumors - Radiofrequency,
microwave and cryotherapy: Where are we going?

30.

31.

32.

33.

Diagnostic and Interventional
2017;98(9):619-25.

Simon CJ, Dupuy DE, DiPetrillo TA. Pulmonary
radiofrequency ablation: long-term safety and
efficacy in 153 patients. Radiology.
2007;243(1):268-75.

Beland MD, Wasser EJ, Mayo-Smith WW, Dupuy
DE. Primary non-small cell lung cancer: review of
frequency, location, and time of recurrence after
radiofrequency ablation. Radiology.
2010;254(1):301-7.

Palussiere J, Lagarde P, Aupérin A, Deschamps F,
Chomy F, de Baere T. Percutaneous lung thermal
ablation of non-surgical clinical NO non-small cell
lung cancer: results of eight years’ experience in 87
patients from two centers. Cardiovascular and
interventional radiology. 2015;38(1):160-6.

de Baere T, Tselikas L, Catena V, Buy X, Deschamps
F, Palussiére J. Percutaneous thermal ablation of
primary lung cancer. Diagnostic and Interventional
Imaging. 2016;97(10):1019-24.

Imaging.

Cite this article as: Ahmad DJ, Alyami AY, Alasker
AA, Fallatah KB, AlReshan RM, Althuwaybi MT et
al. Role of percutaneous thermal ablation in cancer
treatment. Int J Community Med Public Health

2021,8:6132-6.

International Journal of Community Medicine and Public Health | December 2021 | Vol 8 | Issue 12 Page 6136



