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Abstract

Focal ablation therapies in prostate cancer have been actively evaluated in the light of recent literature. According to published data,focal ablation
therapies appear to be well tolerated and have an acceptable side effect profile. Moreover, while clinical outcomes were not homogenous, short-term
oncological results of some focal ablation therapies such as laser and irreversible electroporation (IRE) have been found as good as curative ones. While
waiting long-term oncological results, focal ablation therapies in prostate cancer are beinmg used increasingly.
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Oz

Prostat kanserinde fokal ablasyon tedavileri giincel literatiir esliginde aktif olarak degerlendirilmistir. Yayinlanan verilere gore, tedaviler iyi tolere ediliyor
ve kabul edilebilir bir yan etki profiline sahip goriinityor. Dahasi, klinik sonuglart homojen olmamakla beraber, lazer ve irreversible elektroporasyon
(IRE) gibi baz1 fokal ablasyon tedavilerinin kisa vadeli onkolojik sonuglari, kiiratif tedavinin sonuglari kadar iyi bulunmustur. Uzun dénem onkolojik

sonuglart beklerken, prostat kanserinde fokal ablasyon tedavileri giderek daha fazla kullanilmaktadir.

Anahtar kelimeler: fokal terapi, ablasyon tedavisi, prostat kanseri, MRI
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Introduction

Localized prostate cancer is the most common cancer
in males today [1]. Most commonly used curative therapy
methods among the therapies applied for prostate cancer are
surgery or radiotherapy-based treatment modalities. However,
these therapies have severe short-, and long-term side effects
[2]. Active surveillance and follow-up protocols aim to save
the patients from treatment-related side effects. Known slow
progressive course of prostate cancer can only enable follow-
up through surveillance in some prostate cancer types. Severe
side effects which may be caused by complete resection or
treatment of especially low- or intermediate- risk prostate cancer
may shadow treatment success. Although complete resection or
radiotherapy of the prostate in high volume or high-risk prostate
cancer is still an important treatment option, imaging-guided
focal ablation therapies in other prostate cancer types have
currently become important treatment alternatives [3].

Magnetic resonance (MR) imaging has made an undeniable
contribution in popularization of focal ablation therapies in
prostate cancer. Targeted biopsies have now replaced standard
biopsies in prostate cancer thanks to multiparametric MR
imaging. Focal ablation or hemiablation options has been
started to be used in visible prostate lesions. Focal ablation
therapies have become the standard treatment option in renal
cell carcinoma and solid organ tumors such as thyroid, liver,
breast and pancreas. Multifocal character of the tumor is the
most important obstacle for the focal ablation therapies in
prostate cancer. In addition, the close proximity of the tumor to
rectum and nerves controlling erectile and the need to preserve
continence mechanism are vital issues worth considering.

Lesions over 0.5 cm3 are known as clinically significant
cancer markers in prostate cancer. Based on prostate cancer
surveillance studies, prostate tumors less than 1.3 cm3 have a
lower possibility of becoming clinically significant. It should
not be forgotten that clinically insignificant tumors under 0.5
cm3 in size can be aggressive or can reach high volumes. Thus
random biopsy is still the standard application in addition to the
pathological samples taken from the target lesion [4].

The objective of this review was to compare the focal
ablation techniques used recently in prostate cancer treatment.

Focal Ablation Types and Clinical Results
Irreversible Electroporation (IRE) (NanoknifeTM)

Many thermal-energy based techniques are used to induce
cellular damage. While most of these operate with high thermal
energy, some depend on cooling-based techniques. Irreversible
electroporation (IRE) causes non-thermal cellular damage
through a different system. Direct flow rhythmically applied with
low energy on the cell induces cellular apoptosis by keeping all
cell wall pores open. Energy used in IRE is provided through the
needles inserted into the tissue. The energy applied through a
special device is monitorized through ultrasound (US).

IRE was first applied in 16 locally advanced prostate cancer
patients by Onik et al. Side effects such as erectile dysfunction
and urinary incontinence were not observed in these patients
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[5]. Later on Valerio et al. published their IRE experience in
34 patients and mentioned inadequate treatment only in one
patient [6]. In the study by Van den Bos et al., IRE treatment was
applied one month before the operation in 16 patients who would
undergo radical prostatectomy Histopathological evaluation
of post-radical prostatectomy specimens showed satisfactory
ablation in targeted areas without skipping any lesion [7]. IRE
treatment was applied in 123 patients diagnosed with locally
advanced prostate cancer in the largest biopsy- controlled study
and ablation success rate up to 97% was achieved in the control
biopsy samples taken from the treatment area at the end of 1
year. In this study, it was shown that urinary continence was
achieved in 98.8% of the patients and potency didn’t change in
76% of the patients at the end of 12 months [8].

Photodynamic Therapy (PDT)

In photodynamic tissue ablation tumoral tissue is destructed
through the activation of vascular photo stimulators under light
at certain wavelengths. As a result, the number of free radicals
in the tissue increases. Following the intravenous application of
photo stimulators, laser is applied transperineally or transrectally
at certain wavelengths.

One hundred and sixteen stage cT1 and cT2b prostate
cancer patients were treated in a prospective study performed
using photodynamic therapy (PDT). Median PSA value was
6.4 ng/ml for patients with low and intermediate - risk prostate
adenocarcinoma. While no clinically significant cancer was
detected in any of the patients, clinically insignificant cancer
was detected in 46% of the patients at the end of six months.
While no continence data was available, 88.4% of the patients
had maintained their potency [9,10].

High-intensity Focused Ultrasound (HIFU)

In high-intensity focused ultrasound therapy, tissue
ablation through thermal energy is accomplished using focused
ultrasound. Temperature over 60 °C is generally achieved in
the tissue. HIFU induces formation of coagulation necrosis and
cavitations in the targeted tissue. It is the only system among
focal applications which doesn’t use needles or electrodes. It can
be applied transrectally or transurethrally using the new high-
intensity focused ultrasound (HIFU) systems.

Many studies including more than 300 prostate cancer
patients have been performed. The results are variable due to
the non-homogeneous character of the studies and different
application methods. Targeted prostate biopsies were performed
in most patients. Secondary treatment starting rate was reported
as 7.8% in the studies completing post-treatment 12 surveillance
months. While continence rate was reported as 100%, potency
was maintained in 88% of the patients [11-13].

Cryotherapy
This ablation system uses thermal energy. Extreme tissue

cooling causes cell death by inducing osmotic cell injury.
Cooling is performed on the targeted area using transperineally
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Figure 1. Focal ablation therapies used for prostate cancer treatment. A: high-intensity focused ultrasound (HIFU); B: cryotherapy; C: photodynamic therapy (PDT); D:
focal laser ablation (FLA); E: brachytherapy; F: irreversible electroporation (IRE); G: radiofrequency ablation (RFA) (Valerio M, et al. New and Established Technology
in Focal Ablation of the Prostate: A Systematic Review. Eur Urol 2016 reproduuced with permission obtained from authors).

inserted needle electrodes. Ice ball image is seen between cryo-
needles.

A quite high number of patients have been treated and
followed up for longer periods of time. Most of these studies
had a retrospective design. Secondary treatment has been
started at a rate of 7.6% in the studies with one-year follow-
up period. Severe side effects were reported in 2.5% of the
cases. Continence was preserved in 100%, and, potency was
maintained in 81% of the patients [14—17].

Focal Laser Ablation (FLA)

In FLA, laser therapy is directly applied on the targeted area.
Interstitial coagulation necrosis in the tissue is generally formed
through the use of neodymium or diode laser. Thermal energy
applied raises the temperature in the targeted tissue up to 60
°C. Increase in tissue temperature is monitored through thermal
receptors during the operation. A single laser probe is generally
used in transperineal or transrectal applications.

FLA has been performed on patients with low and
intermediate risk, and average PSA value was reported as
5.4 ng/ml. As the long-term results of the patients have not
been acquired yet, secondary application rate is not certain.
Continence and potency preservation rates were reported as
100% [18,19].

Radiofrequency Ablation (RFA)

In RFA tissue ablation is achieved through thermal energy.
Coagulation necrosis of the tissue is performed through the
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provision of alternative flow in the targeted area using the
transperineally inserted needles..

Pathological results were reported for 15 patients who had
received RFA before radical prostatectomy. Tumor persisted in
all patients. No other treatment aiming study was reported [20].

Discussion

There are six actively used systems now among focal
ablation therapies (Figure 1). Most of these uses a thermal
energy source, and only IRE achieves tissue ablation using non-
thermal energy. Radiation-based therapies used in brachytherapy
should not be included, and evaluated within this group, because
it is a locally applied alternative form of radiotherapy. Due to
its adverse outcomes, RFA treatment is not actively used now.
Transurethral applications can now be performed thanks to the
renewed application apparatus of HIFU. The most important
difference of HIFU from other methods is the direct energy
focused by the probe without the use of any electrode or needle.
Thermal damages which may form on nonlesioned areas can
be more frequently encountered than other methods which is
seen as a partial advantage of the method. This ablative effect
was shown to continue at least 0.5 cm outside the targeted area
in tissue ablations performed using thermal energy sources. It
is known that the hotness of thermal energy source in cold or
HIFU, laser treatments as in cryotherapy doesn’t change this
effect. Thus good mapping is required for the targeted areas to
prevent treatment insufficiency.

Although the highest number of studies has been performed
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with HIFU and cryotherapy, many recent studies on PDT, focal
laser ablation and IRE also continue. Easy applicability and
clearer prediction of the borders of the region of interest of
thermal effect constitute the most important characteristics of
laser ablation. The results of the continuing prospective studies
will present the treatment efficiency more clearly. The studies
performed with IRE known as non-thermal energy source were
similarly found to be quite successful. The rates of succesful
oncological results at the end of follow-up periods of over
one year were found to be equivalent to those of the radical
interventions [4,8].

Relatively higher side effect incidence and morbidities of
established curative treatments constitute the most important
justification for more frequent application of focal ablation
therapies. These curative treatments become a severe burden
both for the patient and the treating health units. If the same
oncological result will be acquired through less invasive
treatment methods and if the side effect profile is lower,
whatever treatment method you use will be more popular. Side
effect rates of focal ablation therapies in applied for prostate
cancer are quite lower than known curative treatment methods.
They have very good results especially in terms of preservation
of continence and potency. Similar results were acquired in
limited studies comparing oncological results of these treatment
modalities [8,10,13,19,20].

A great progress has been achieved in prostate cancer
diagnosis and treatment thanks to the high performance provided
in multiparametric MR. We detect the lesions more clearly and
correctly thanks to especially different diffusion characteristics
of'the tissues Thus, it is possible to recognize clinically important
cancer focuses with rates up to 95% and to apply focal ablation
therapy. In many multi-centered studies multiparametric MR
has established its worth in the diagnosis and treatment follow-
up in prostate cancer [21-23].

Conclusion

Conduction of the studies with different energy sources
prevents making homogeneous comparisons among studies
performed.. Standard patient approach couldn’t be provided
even in focal ablation therapies conducted with the same energy
source. Thus, we couldn’t get adequate, and accurate data from
studies comparing outcomes of focal ablation therapies. But we
expect that the focal therapy is now possible for the treatment
of low-and intermediate-risk prostate cancer patients, and more
importantly better results can be acquired.

Peer-review: Externally peer-reviewed.
Financial Disclosure: The author declares that this study
received no financial support.

References
[1] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017.
CA Cancer J Clin 2017;67:7-30.
https://doi.org/10.3322/caac.21387.
[2] Hamdy FC, Donovan JL, Lane JA, Mason M, Metcalfe

131

[3]

[7]

(8]

[11]

C, Holding P, et al. 10-Year Outcomes after Monitoring,
Surgery, or Radiotherapy for Localized Prostate Cancer. N
Engl J Med 2016;375:1415-24.
https://doi.org/10.1056/nejmoal 606220.

Valerio M, Cerantola Y, Eggener SE, Lepor H, Polascik
TJ, Villers A, et al. New and Established Technology in
Focal Ablation of the Prostate: A Systematic Review. Eur
Urol 2017;71:17-34.
https://doi.org/10.1016/j.eururo.2016.08.044.

van den Bos W, Jurhill RR, de Bruin DM, Savci-Heijink
CD, Postema AW, Wagstaff PGK, et al. Histopathological
Outcomes after Irreversible Electroporation for Prostate
Cancer: Results of an Ablate and Resect Study. J Urol
2016;196:552-9.
https://doi.org/10.1016/j.juro.2016.02.2977.

Onik G, Mikus P, Rubinsky B. Irreversible electroporation:
Implications for prostate ablation. Technol Cancer Res
Treat 2007;6:295-300.
https://doi.org/10.1177/153303460700600405.

Valerio M, Dickinson L, Ali A, Ramachadran N, Donaldson
I, Mccartan N, et al. Nanoknife Electroporation Ablation
Trial: A Prospective Development Study Investigating
Focal Irreversible Electroporation for Localized Prostate
Cancer. J Urol 2017;197:647-54.
https://doi.org/10.1016/j.juro.2016.09.091.

van den Bos W, Scheltema MJ, Siriwardana AR, Kalsbeek
AMEF, Thompson JE, Ting F, et al. Focal irreversible
electroporation as primary treatment for localized prostate
cancer. BJU Int 2018;121:716-24.
https://doi.org/10.1111/bju.13983.

Blazevski A, Scheltema MJ, Yuen B, Masand N, Nguyen
T V., Delprado W, et al. Oncological and Quality-of-life
Outcomes Following Focal Irreversible Electroporation
as Primary Treatment for Localised Prostate Cancer: A
Biopsy-monitored Prospective Cohort. Eur Urol Oncol
2020;3:283-90.
https://doi.org/10.1016/j.eu0.2019.04.008.

Azzouzi AR, Barret E, Moore CM, Villers A, Allen C,
Scherz A, et al. TOOKAD® Soluble vascular-targeted
photodynamic (VTP) therapy: Determination of optimal
treatment conditions and assessment of effects in patients
with localised prostate cancer. BJU Int 2013;112:766-74.
https://doi.org/10.1111/bju.12265.

Moore CM, Azzouzi AR, Barret E, Villers A, Muir GH,
Barber NJ, et al. Determination of optimal drug dose
and light dose index to achieve minimally invasive focal
ablation of localised prostate cancer using WSTI11-
vascular-targeted photodynamic (VTP) therapy. BJU Int
2015;116:888-96.

https://doi.org/10.1111/bju.12816.

Van Velthoven R, Aoun F, Marcelis Q, Albisinni S, Zanaty
M, Lemort M, et al. A prospective clinical trial of HIFU
hemiablation for clinically localized prostate cancer.
Prostate Cancer Prostatic Dis 2016;19:79-83.
https://doi.org/10.1038/pcan.2015.55.

Grand Journal of Urology



Grand J Urol 2021;1(3):128-132

[12]

[13]

[14]

[16]

[17]

[18]

Ahmed HU, Dickinson L, Charman S, Weir S, McCartan
N, Hindley RG, et al. Focal Ablation Targeted to the
Index Lesion in Multifocal Localised Prostate Cancer: A
Prospective Development Study. Eur Urol 2015;68:927-36.
https://doi.org/10.1016/j.eururo.2015.01.030.

Feijoo ERC, Sivaraman A, Barret E, Sanchez-Salas R,
Galiano M, Rozet F, et al. Focal High-intensity Focused
Ultrasound Targeted Hemiablation for Unilateral Prostate
Cancer: A Prospective Evaluation of Oncologic and
Functional Outcomes. Eur Urol 2016;69:214-20.
https://doi.org/10.1016/j.eururo.2015.06.018.

Barqawi AB, Stoimenova D, Krughoff K, Fid K,
O’Donnell C, Phillips JM, et al. Targeted focal therapy for
the management of organ confined prostate cancer. J Urol
2014;192:749-53.
https://doi.org/10.1016/j.juro.2014.03.033.

Durand M, Barret E, Galiano M, Rozet F, Sanchez-Salas R,
Ahallal Y, et al. Focal cryoablation: A treatment option for
unilateral low-risk prostate cancer. BJU Int 2014;113:56—64.
https://doi.org/10.1111/bju.12370.

Lian H, Zhuang J, Yang R, Qu F, Wang W, Lin T, et al.
Focal cryoablation for unilateral low-intermediate-risk
prostate cancer: 63-month mean follow-up results of 41
patients. Int Urol Nephrol 2016;48:85-90.
https://doi.org/10.1007/s11255-015-1140-8.

Mendez MH, Passoni NM, Pow-Sang J, Jones JS, Polascik
TJ. Comparison of outcomes between preoperatively potent
men treated with focal versus whole gland cryotherapy in a
matched population. J Endourol 2015;29:1193-8.
https://doi.org/10.1089/end.2014.0881.

Oto A, Sethi I, Karczmar G, McNichols R, Ivancevic
MK, Stadler WM, et al. MR imaging-guided focal laser

132

[19]

[21]

[22]

[23]

ablation for prostate cancer: Phase I trial. Radiology
2013;267:932-40.
https://doi.org/10.1148/radiol.13121652.

Lepor H, Llukani E, Sperling D, Fiitterer JJ. Complications,
Recovery, and Early Functional Outcomes and Oncologic
Control Following In-bore Focal Laser Ablation of
Prostate Cancer. Eur Urol 2015;68:924—6.
https://doi.org/10.1016/j.eururo.2015.04.029.

Zlotta AR, Djavan B, Matos C, Noel JC, Peny MO,
Silverman DH, et al. Percutaneous transperineal
radiofrequency ablation of prostate tumour: Safety,
feasibility and pathological effects on human prostate
cancer. Br J Urol 1998;81:265-75.
https://doi.org/10.1046/j.1464-410X.1998.00504 x.

Fitterer JJ, Briganti A, De Visschere P, Emberton M,
Giannarini G, Kirkham A, et al. Can Clinically Significant
Prostate Cancer Be Detected with Multiparametric
Magnetic Resonance Imaging? A Systematic Review of
the Literature. Eur Urol 2015;68:1045-53.
https://doi.org/10.1016/j.eururo.2015.01.013.

Ahmed HU, El-Shater Bosaily A, Brown LC, Gabe R,
Kaplan R, Parmar MK, et al. Diagnostic accuracy of
multi-parametric MRI and TRUS biopsy in prostate cancer
(PROMIS): a paired validating confirmatory study. Lancet
2017;389:815-22.
https://doi.org/10.1016/S0140-6736(16)32401-1.
Kasivisvanathan V, Rannikko AS, Borghi M, Panebianco
V, Mynderse LA, Vaarala MH, et al. MRI-Targeted or
Standard Biopsy for Prostate-Cancer Diagnosis. N Engl J
Med 2018;378:1767-717.
https://doi.org/10.1056/nejmoal801993.

www.grandjournalofurology.com


https://grandjournalofurology.com/

