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MepiAnyn

O kapkivog ota {wa cuVTPOPLAG TTAPAPEVEL O PEYA-
AUtepog tapayovtag BvnoLyotnTag, Pe Ta mEPLoTa-
TWKA Kapkivou va au&avovtal, kabwg n pakpolwia
Twv {WWV oLVTPOWYLAG ouveyileL va BeAtlwvetal. H
XnHeloBeparela, n aktwobeparela kat n xelpoup-
yLKn emépPBaon elvat ol KUpLeG péBoSoL Bepameiag
TOU Kapk{vou 0TV KTNVLATPLKN, aAAAd oL Bepartteieg
QUTEG £XOUV CNUAVTIKOUG TIEpLOPLOPOUG. Q¢ aro-
TEAECHA TWV TIEPLOPLOPWY TWV CNUEPLVWY Bepa-
TIEUTIKWV PeBOSwy, Slvetal Slaltepn mpoooxn
otnV avamtugn eAdyLlota emepPBatikwy Bepameutt-
Kwv pEBOSWVY yLa tn Beparmeia Twv KapKivwy Twv
{WWV OUVTPOWLAG, TIPOKELPEVOU VA TIEPLOPLOTEL
n voonpotnta, va BeAtlwbel o EAeyxog Tou Oykou
Kat va tpoAn@Bolv oL petaoctdoel. ElSikotepa, N
EVEPYELOAKN KATAAUGT TOU OYKOU ATIOTEAEL EAKUOTL-
KO PEOO yLa TNV eAdyLoTa eTepBatikr EGAeLPN TOou
KQPKLVLKOU LOTOU, TOC0 PHECW BEPULKWVY OCO Kal Hn
BEPPLKWY pNXaVLIoPWV. XTo Tapdv apbpo, Siepeu-
VOUE TLG apXEG, T peBoSooyla Kal TLG EQapHOYES
SLaPopwWV BEPULKWVY Kal Pn Bepulkwy Bepateutt-
KWV HEBOSWVY KatdAuong Tou Kapkivou oe {wa
OUVTPOWLAG. ZUYKEKPLPEVQ, eEeTAlOUPE TOUG Bep-
HLKOUG TPOTIOUG KATAAUGONG, CUMPTIEPAaPBavopE-
VWV TNG Kpuomn&lag, Tou €0TLOCPEVOU UTIEPHXOU
udbnAng évtaong (HIFU), Tng katdAuong pe Aélep,
NG KATAAUONG PE PLKPOKUPATA KAl TNG KATAAUONG
HE padloouxvoTnTeg, KaBWGE KaL Toug pn BepuLkoug
TPOTIOUG KATAAUONG, CUUTIEPAQUPBAVOPEVWY TNG
totobpupiag, TG pn avaotpePLung nAEKTPosdLa-

Abstract

Cancer in companion animals remains the
largest contributor to mortality, with cancer inci-
dence increasing as companion animal longevity
continues to improve. Chemotherapy, radio-
therapy, and surgery are the main treatment
modalities for cancer in veterinary medicine, but
these therapies harbor significant limitations. As
a result of the limitations of current treatment
modalities, significant attention is being paid to
the development of minimally-invasive thera-
peutics for the treatment of companion animal
cancers in order to limit morbidity, improve
tumor control, and prevent metastasis. In partic-
ular, energy-based tumor ablation represents
an attractive means of minimally-invasively
eradicating tumor tissue, via both thermal and
nonthermal mechanisms. Herein, we explore
the principles, methodology, and applications of
various thermal and nonthermal ablation thera-
peutics in the treatment of cancer in companion
animals. Specifically, we review thermal ablation
modalities including cryoablation, high-intensity
focused ultrasound (HIFU), laser ablation, micro-
wave ablation, and radiofrequency ablation, as
well as nonthermal ablation modalities including
histotripsy, irreversible electroporation (IRE),
and high-frequency irreversible electroporation
(H-FIRE), and evaluate the clinical applications of
each in small animal oncology.
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tpnong (IRE) kat tng pn avaotpePLung nAEKTpo-
Sldtpnong udnAng cuyvétntag (H-FIRE), kat a&Lo-
AOYOULE TLG KALVLKEG EQAPHOYEG TOU KaBevog otnv
oykoAoyia Hkpwv (Wwv.

NEEeLg eupeTnpiou: yata, EAdxLOTA TEPPATIKEG PEBOSOL, KapKivog, OKUAOG

MeSH keywords: cat, dog, minimally invasive methods, tumor

Etcaywyn

O kapkivog amotelel Ttov peyaAUtepo Tapdyovta
BvnoLuotntag oToug OKUAOUG CUVTPOPLAG, KAl €V
HEPEL AOYW TNG augnpévng pakpolwiag Twv (wwv
OUVTPOWLAG, N CUXVOTNTA EUPAvVIoNG veomAaot-
ag ota {wa ouvtpoplag ouveyilel va augdvetat
(Vascellari et al. 2009). Ot Baoikot dEoveg tng Oe-
pareiag tou kapkivou ota {wa cuVTPOYLAG TiEpL-
AapBAvouv TNV XELPOUPYLKNA €MEPPRacn, tnv xn-
peloBepameia kat tnv aktwvoBeparmeia. Qotodoo,
N XELPOUPYLKN EKTOMIN OUXVA aTOKAEleTal Aoyw
TOU auEnpévou KWEUVOU voonpoTNTAG KAl TWV
TBavwy EMUTAOKWY TNG avdppwons. Evw n xn-
petoBepaneia kat n aktvoBepaneia xpnotporot-
olvTal CUXVA OE JLa TIPOoTIABELa va amotpamouy
Ol PETAOCTACELG, VA QVILHETWTILOTOUV TA KALVLKA
OUPTITWHATA KAl va EemepaotolV oL TepLlopLopol
TNG XELPOUPYLKNG TtEpBAAYNG, OL HETAOTACELG TWV
TPWTOTMABWY OYKWV TIAPAPEVOUV HLd CNUavTL-
k] attla Bavdtou otoug KTnvLatplkolg acBevelc.
Katd ouvemela, amattouvtal €MeELyOVTWG BEATIW-
HEVEG OTpaTNYLKEG Bepateiag Tou Kapkivou yia t
BeAtiwon NG SLaxelpLong TG VEOTIAACHATLKAG VO-
00U OTNV KTNVLATPLKN.

ISLaltepo evLapépov amodidetal otnv avamtu-
&n e\aylota emepBatikwy BepaTEUTIKWY PHEBOSWY
O€ JLa TIpooTtdbeLa va TEpLOPLOTEL N voonpotnta
KAl TaUTOXpOova va peyLototolnBel o €Aeyxog Tou
OYKOU Kal va amo@euxbolv oL PETACTACELG OF
aoBevn amo Kapkivo {wa CUVTPOPLAC. TUYKEKPLHE-
VaQ, N EVEPYELAKN KATAAUGN TOU OyKOU avadelkvu-
€TAL WG PLO PEAALOTLKN, ATIOTEAEOPATLKN Kat Su-
VNTLKA OLKOVOPLKA aTtoS0TLKN Ttapépfaon yla Tov
Kapkivo ota {wa cuvTpoPLAG.

Tu elval n katdAuon 6ykwv pE Bacn tnv
EVEPYELQ;

OL Bepareleg apaipeong dykwv pe Bdon tnv evép-
YELQ TIEPIAAPPBAVOUV TNV £0TLOKN EQAPUOYT| EVEP-
YELAG yla TNV KATAOTPO®r] TWV OYKWV, PE OTOXO
Vv efdheldn OAWV TWV VEOTIAACHATIKWY KUTTA-

Introduction

Cancer represents the largest mortality factor in
companion dogs, and partially due to increased
longevity of companion animals, the incidence
of neoplasia in companion animals continues
to rise (Vascellari et al. 2009). The mainstays of
cancer therapy in companion animals include
surgery, chemotherapy, and radiotherapy. How-
ever, surgical resection is frequently precluded
due to increased risk for morbidity and poten-
tial recovery complications. While chemotherapy
and radiotherapy are often employed in an effort
to inhibit metastasis, manage clinical symptoms,
and overcome surgical care limitations, metas-
tasis of primary tumors remains a major cause
of death in veterinary patients. Subsequently,
improved cancer therapeutic strategies are ur-
gently needed to improve neoplastic disease
management in veterinary medicine.

Special interest is being paid toward the devel-
opment of minimally-invasive therapeutics in an
effort to limit morbidity while maximizing tumor
control and preventing metastasis in compan-
ion animal cancer patients. Specifically, ener-
gy-based tumor ablation is emerging as a rea-
listic, efficacious, and potentially cost-effective
intervention for cancer in companion animals.

What is Energy-Based Tumor Ablation?

Energy-based tumor ablation therapeutics in-
volve the focal application of energy to destroy
tumors, with the goal of eradicating all neoplastic
cells within a specified target volume while spar-
ing surrounding healthy tissues. These ablation
modalities are administered non- or minimally
-invasively, under image-guidance, and can be
used as sole treatment modalities, or as adju-
vants to surgery, chemotherapy, and radiother-
apy. Depending on the ablation modality em-
ployed, treatment may induce thermal (Figure
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Figure 1. Summary of A) thermal and B) nonthermal energy-based ab-
lation modalities. A) Thermal ablation of tumor tissue can be achieved
via hypothermic mechanisms through application of cryogenic energy,
or via hyperthermic mechanisms through application of high-intensity
focused ultrasound (HIFU) or various frequencies of electromagnetic
energy (laser ablation, microwave ablation, radiofrequency ablation). B)
Nonthermal ablation of tumor tissue can be achieved through mechani-
cal tissue disruption by application of high-intensity mechanical focused
ultrasound (histotripsy), or via disruption of cellular homeostasis after
treatment with pulsed electric fields in irreversible electroporation (IRE)
and high-frequency irreversible electroporation (H-FIRE).

PWV EVTOG £VOG KOBOPLOPEVOU OYKOU-OTOXOU, EVW
TapAaMnAa Tpootatevovtal oL yUpw UYLELS LoTol.
AUTEG oL pEBoSoL KatdAuong epappolovtal pn- N
ENAXLOTA ETMEPPATIKA, HE OTIELKOVLOTLKN KaBodn-
ynon, Kat Ymopouv va xpnotporotnfolv wg po-
vaSLkEG peBodol Beparmelag N wg BondnTikd péoa

1A) or nonthermal (Figure 1B) tumor tissue de-
struction. Here, we explore the mechanisms, ad-
vantages and limitations, and most up-to-date
applications of each of various modalities of
thermal and nonthermal energy-based ablation
of spontaneous tumors in veterinary medicine.
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OTNV XELPOUPYLKN €MEPPRacN, TNV xnpelobepameia
KAl TNV aktwobepareia. Avaloya pe TN XpnoLdo-
Toloupevn péBodo katdAuong, n Beparmela pmopet
va ipokaAéael Beppikn (Etkova 1A) 1 pn Bgputkn
(Ewkdva 1B) kataotpo@r TOu LoToU TOU OYKOU.
ESw, SlepeuvoUpE TOUG PNXAVLIOPOUG, Ta TIAEOVE-
KTAMATA KAl TOUG TIEPLOPLOKOUG, KABWG KAl TLG TILO
oUYXPOVEC EPAPHOYEG KADEULAG aTIO TLG SLAPOPEC
pEBOSOUG BEPULKNG KAl PN BEPULKNG EVEPYELAKNG
KATAAUONG OYKWVY OTNV KTNVLATPLKT).

KatdAuvon tou 0ykou pécw
OepULKAG eVEPYELAG

OL BeppLkeg pEBOSOL KATAAUONG OYKWVY UTIOPOUV
va €0UV KUTTAPOTOELKN Spdon PEow UTIoBEpuL-
KWV 1 UTIEPBEPULKWY UNXAVIOPWY yla TtV TIpo-
KANGN VEKPWONG TwV LoTWV. Ot péBoSol BepULKNG
KataA\uong oykwv TepAapBdavouv tnv kpuomnéia,
TNV KatdAuon pe AéLep, TNV KAtdAuon PE PLKpo-
KOpata (MWA), tTnv katdhuon pe padloouyvotn-
Teg (RFA) Kat Ttnv Kat@huon pe uteprxous UPNARG
évtaong (HIFU).

Kpuomnnéia

H kpuomnéla ypnotpomolel utoBeppLkolG pnxa-
viopoUg yla Tnv TIpokAnon Yuxpou Tpaupatiopol
HE OKOTIO TNV Kuttapotogkotnta. Katd tn &dp-
Kela tng Stadikaolag, £va uypoTIoLNPEVO KPUOYOVO
a€pLo, Tio ouxva apyo, YuxeL évav kabetnipa, Ttpo-
KaAWVTAG TN petagopd Beppdtntag amd tov Loto
otov kpuoBetrpa. To Ao uPnAng Tleong otov
KPUOKABETpa XPpNOLHOTIOLE(TAL 0T CUVEXELA yLa
Vv enavaiapBavopevn YuEn kat amdPuin tou
Lotou. (Hinshaw et al. 2014). H Beppokpacia mou
amatteltat ya va mpokAnBel kpuotmnéia Lotwv el-
vat -20 €wg -40°C, kal oL Beppokpacieg autég Tpée-
TIEL VA eKTElVOVTaL TOUAG)LoToV 1 cm Tépa amo ta
OpLa TOU OYKOU TIPOKELUEVOU va eEANeLPOEL TIAN-
pwg 0 OykoG. H kpuotnéia emiSpd otoug LoToUg
péow dueong Kuttaplkng PAARNG péow oxnupatt-
opoU o@alpldiwv TAyou Kat TINKTLKAG VEKPWONG,
avoootpototiolnong, ayyeltakng BAaBng kat toyat-
ptag. (Erinjeri & Clark 2010).

H kpuomngla emitpémel TNV €UKOAN amelkovion
NG oaipag mayou, Tou cuoxetiletat Pe tn wvn
KAtdAuong, HEOW UTIEPHXWVY, AEOVLKAG I HayvnTL-
KNG Topoypapiag. EmumAéoy, n kpuomn&la sivat At-
YOTEPO EMWELVN AOYW TWV avaLodnNTIKWY emLspd-
oewV NG PUENG TWV VeUPWVY KAl TWV LoTwV. Kabe
KPUOKABETrpag Pmopel va evepyel aveEaptnta amo
GA\OUG KPUOKOBETNPEG, ETILTPETIOVTAG TIOAU AKPL-
B puBuLon tng Cwvng Kataluong Kat 1o €&ato-
MLKELPEVN Beparela. TENOG, KaTA TN SLApKELA TNG
kpuomn&lag, av kat mapatnpeitat BpopyBwon pi-

Thermal Energy-Based
Tumor Ablation

Thermal tumor ablation modalities can induce
cytotoxic effects via hypo- or hyperthermic
mechanisms to induce tissue necrosis. Thermal
tumor ablation modalities include cryoablation,
laser ablation, microwave ablation (MWA), ra-
diofrequency ablation (RFA), and high-intensity
focused ultrasound ablation (HIFU).

Cryoablation

Cryoablation utilizes hypothermal mechanisms
to induce cold injury for cytotoxicity. During the
procedure, a liquified gas cryogen, most often
argon, cools a probe, causing heat to be trans-
ferred out of the tissue into the cryoprobe. High
pressure helium in the cryoprobe is then used
to repeatedly cool and thaw the tissue (Hinshaw
et al. 2014). The temperature required to induce
cryoablative tissue damage is -20 to -40°C, and
these temperatures must extend at least 1 cm
beyond the tumor margin in order to fully elim-
inate the tumor. Cryoablation impacts tissue via
direct cell injury via ice ball formation and coag-
ulative necrosis, immunomodulation, vascular
injury, and ischemia (Erinjeri & Clark 2010).
Cryoablation allows for easy visualization of
the ice ball, correlating with the ablation zone,
via ultrasound, CT, or MRI. Additionally, cryoab-
lation is less painful due to the anesthetic effects
of cooling nerves and tissues. Each cryoprobe
can act independently of other cryoprobes, al-
lowing for very precise tuning of the ablation
zone and more customizable treatment. Final-
ly, during cryoablation, although small vessel
thrombosis is observed, larger blood vessels are
generally spared (Hinshaw et al. 2014). Despite
its numerous advantages, cryoablation carries
limitations that restrict its applicability in veter-
inary oncology. First, tumor lysis syndrome and
the heat sink effect are possible side effects that
may complicate treatment, as well as a possibil-
ity of systemic cryoshock (Hinshaw et al. 2014).
Additionally, although cryoablation spares large
blood vessels, due to the lack of large vessel
thrombosis and coagulation, hemorrhagic com-
plications are a concern after cryoablation (Erin-
jeri & Clark 2010). Treatment can also be limited
by cooling efficiency, which is limited to the small
surface area around the cryoprobe (Hinshaw et
al. 2014). Finally, a particularly notable risk of
cryoablation is organ fracture, which can occur
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KpWV ayyelwy, Ta geyaAUtepa alpgopopa ayyeia ye-
VLKA TipopuAdcoovtat (Hinshaw et al. 2014). Mapa
Ta TOALAPLBpa TIAEoVEKTAPATA TG, N Kpuomngla
(PEPEL TIEPLOPLOPOUG TIOU SECHPEVOUV TNV €QAp-
HOyn TNG OTNV KINVLATPLKY oykoAoyia. Mpwtov,
TO oUVSpPOPO AUONG TOU OYKOU Kal TO (PALVOUEVO
™G amoppong Beppodtnrag eival Tbaveg mape-
VEPYELEG TIOU PTtopEl va TiepUAEEoLY TN Beparela,
Kabwg Kat n mlavotnTa cUCTNUATIKOU KPUOGCOK.
(Hinshaw et al. 2014). EruriAéov, TtapdAo Tou N Kpu-
omn§la TPoWUAACCEL Ta PeyaAa atpo@opa ayyela,
AOyw NG EMebng BpopBwong kat TENG Twv pe-
YAAwv ayyelwv, Ol alPOpPAYLKEG ETILTTAOKEG ATTO-
TEAOUV €vav TpoBANUatIopd PeTAd TtV KpuoTnéla.
(Erinjeri & Clark 2010). H Bepameia pmopet emniong
va TEpLopLlotel amd TNV AmMOTEAECPATIKOTNTA TNG
YUENg, n omola eplopileTal otn PIKPr ETLPAVELT
yUpw amd to kpuokabetnpa. (Hinshaw et al. 2014).
Télog, évag 8Laitepa agloonueiwtog kivbuvog tng
kpuormn&lag etval n Bpavion opyavwy, n omola pro-
pel va oupBel og eBpALOTOUG TIAYWHEVOUG LOTOUG
O€ TIEPLTITWOELG UTIEPBOALKIG POTING TOU KPUOKABE-
pa n petatdmniong tou (Erinjeri & Clark 2010).

H xprion tng kpuomn&lag oTnV KTNVLATPLKA ava-
PEPETal KUPLWE yLa SEpUATIKOUG KAl UTIOSOPLOUG
OYyKOUC, ME TIOlKIAoUG PBaBuolg acalelag Kat
OTIOTEAECHATIKOTNTAG. Z€ PLA QVASPOMLKI HEAETN
kpuottn&lag yla 0ykoug Tou S§€pUAtog Kat Tou UTto-
86pLou og okUAOUG, To 35% Twv oTolwv rTtav Ka-
konBelg BAABEG, emLteUxBnKe OALKT) KATAAUGN OTO
94,5% twv BAaBwv xwplc umotpotr) f geTdoTaon
(Ma et al. 2021).

Y& €vav OKUAO, ava@epBnKe PAKPOXPOVLOG EAEY-
XOG UTTOTPOTILALOVTOG PLVLKOU ASEVOKAPKLVWHATOG
HETA amo kaBodnyoUpevn pe a&ovikr Topoypagia
Slappuvikn kpuotngla. OL eTLTAOKEG TTOU OXeTL{0-
vtav pe tn Bepamela mEpAAPPBavay eotlakn Avon
TOU TETPNMEVOU TIETAAOU TOU NBP0ELSOUG 00TOU, N
oTtola AUTOETAUONKE 13 Prveg Petd tn Bepanela,
KAl NTILO XPOVLO PLVLKO €KKplpa. O okUAog uTto-
BANBNke o€ eubavaocia 21 prveg peta tn Bepameia
AOyw o&€og alpotepttovalou Kat KAtd tn VEKPO-
Pla Slayvwotnke pla NTatikr pada cOP@WVN Pe
odpkwpa. (Murphy et al. 2011). Z& évav okUAO pe
LVOOApKWHA TNG Avw yvabou, eTLTEUXONKE PEPLKN
Ueon Tou dykou petd amo kpuomnigia, Staaptnpt-
aKO gPBOALOPO KAl CUCTNHATLKA XNHELOBepaTeia.
(Weisse et al. 2011). Ze pia peAétn S€ka oKUAWY
HE pLvikd akavBokuttaplkd Kapkivwua (SCC), agi-
oloyr|Bnke o ouvduaopdg ektopng pe Aéwlep CO,
Kal KPUOXELPOUPYLKAG yLa TNV avakoupLon. Metd
v apaipeon pe Aéwlep CO,, TIPAYHOTOTIOLONKE
kpuotin&la otov opatod dyko, kabwg Kat o€ Tapa-
Kelpevoug Kal UTIOTIOPAKE{PEVOUG LOTOUG HEOW
TPV KUKAWV taxelag katapuing/apyng amdu-

Tumor ablation in veterinary oncology

in brittle frozen tissues in cases of excessive cry-
oprobe torque or cryoprobe displacement (Erin-
jeri & Clark 2010).

The use of cryoablation in veterinary medicine
is most reported for skin and subcutaneous tu-
mors, with varying degrees of safety and efficacy
noted. In a retrospective study of cryoablation
for skin and subcutaneous tumors in dogs, 35%
of which were malignant lesions, total ablation
was achieved in 94.5% of lesions without relapse
or metastasis (Ma et al. 2021).

In one dog, long-term control of post-radiation
recurrent nasal adenocarcinoma was reported
after CT-quided transnasal cryoablation. Treat-
ment-associated complications included focal ly-
sis of the cribriform plate which self-resolved 13
months post-treatment, and mild chronic nasal
discharge. The dog was euthanized 21 months
post-treatment due to acute hemoperitoneum,
and a sarcoma-consistent hepatic mass was di-
agnosed at necropsy (Murphy et al. 2011). In one
dog with maxillary fibrosarcoma, partial tumor
remission was achieved following cryoablation,
transarterial embolization, and systemic chemo-
therapy (Weisse et al. 2011). In a study of ten cli-
ent-owned dogs with nasal squamous cell carci-
noma (SCC), combination CO, laser ablation and
cryosurgery was evaluated for palliation. Fol-
lowing CO, laser ablation, cryoablation was per-
formed on the visible tumor, as well as adjacent
and subadjacent tissue via three rapid freeze/
slow thaw cycles. Treatment resulted in an over-
all survival time of 260 days (Ierace et al. 2018).
Tumor recurrence occurred in seven of the ten
treated dogs 33-136 days after treatment. Dogs
with tumor recurrence were re-treated with
combined CO, laser ablation and cryoablation
immediately following recurrence, with three
dogs experiencing a second recurrence and one
dog experiencing five recurrences. This study
demonstrated acceptable palliation of canine
nasal SCC, with improved air passage in all dogs
and excellent aesthetic outcome (Ierace et al.
2018).

Laser ablation

Laser ablation, often referred to as laser intersti-
tial thermal therapy (LITT), utilizes electromag-
netic energy to induce coagulative necrosis via
hyperthermic mechanisms. During LITT ablation,
lasers deliver specific wavelengths of electro-
magnetic energy, typically in the near-infrared
(IR) range, which is absorbed by tissue-specific
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Enc. H Bepamela elxe WG aMOTEAECHA GUVOALKO
Xpovo emBiwong 260 nuepwv. (Ierace et al. 2018).
YTIOTPOTI| TOU OYKOU E€PPAVIOTNKE OF ETTA ATIO
Toug 8¢ka okUAOUG Tou éAapav Beparmeia 33-136
NUEPEG PETA TN Beparela. OL OKUAOL JE UTIOTPOTIN
Tou OyKou UTIOBANBNKav ek véou ot Beparmela pe
ouvduaopevn agaipeon pe Aéwlep CO, Kat KpuOTIN-
&la apéowg PETA TNV UTIOTPOTIN, PE TPELG OKUAOUG
va epgavifouv SgUTePn UTIOTPOTIH KAl €vav OKU-
Ao va ep@avilel TIEVTE UTIOTPOTIEG. AUTH N HEAETN
KateSeLlEe aTIOSEKT) TTAPNYOPNTLKY AVTLHETWTILON
TOU PLVLKOU aKavBoKUTTAPLKOU KAPKLVWHATOG TOU
OKUAOU, pE BeATlwpévn §lodo aépa o OAOUG TOUG
OKUAOUG Kat aploto atobnukd amnotéleopa (Ierace
et al. 2018).

KatdAvon pe Aéwlep

H katdAuon pe Aéllep, TIOU CUXVA QVAPEPETAL WG
Slapeon Beppobepareia (laser interstitial thermal
therapy) pe Aéwlep (LITT), xpnotpoTtolel nAektpo-
HAyVNTLKN €VEPYELA yLd TNV TIPOKANGN TINKTLKNAG
VEKPWONG HEOW UTIEPBEPHLKWY PnXaviopwy. Katd
TN SLapkeLa NG katdAuong pe LITT, Tta Aéwlep ma-
PEXOUV CUYKEKPLUEVA HAKN KUPATOG NAEKTPOHA-
YVNTLKAG €VEPYELAG, OLUVABWG OTNV TIEPLOXN TOU
gyyug uttépubpou (IR), n omola amoppowdtal amo
XPWHOPOPA TWV KUTTAPWY CUYKPLUEVWY LOTWV. Ta
KUTTOPA PETATPETIOUV TNV ATIOPPOPOUEVN EVEP-
Yela og BeppoTNTa, N oTola Slaygetatl oToug apa-
Kelpevoug Lotolg (Hinshaw et al. 2014).

H LITT €xeL yxpnolpomonBel ektevwg yla tnv
apatlpeon OyKwV oTNV KTNVLATPLKN oykoloyla yLa
HeYGAn TolkAla emupavelakwy Kat Pabutepwv
OYKWV, CUUTIEPIAAUBAVOUEVWY SLAYOPWVY KaPKL-
VWHATWY, CAPKWHATWY KAl OSEVWHATWY, KaBwg
KAl OYKWV TOU EYKEPAAOU, TOU HAOTLKOU LOTOU
KAl TOU TIPOOTATn, He €EQLPETIKA TIOLKIAG aTtoTE-
Aéopata. Ze pLa PEAETN pE eyyug uttepuBpou LITT
O€ TPLAVTA OKTW OKUAOUG HE amtoppagn Aoyw Kap-
KLVWHATOG Tou petaBatikol emBnAiou (TCC) tng
KATWTEPNG OUPOYOPOU 050U, TIAPOAO TIOU N SLApE-
on emBlwon ntav 380 NUEPEG, UTIPXAV ONUAVTL-
kol kivSuvol pe tn Stadikaoia, pe EMUTAOKEG OTIWG
otpayyoupia (§Uo okUAOL), OTEVWON OTNV KUOTEOD-
oupnBpLk CUKPBOAN (TpeLg okUAoL), oTtopd tou TCC
0TNV KAtwtepn oupodpo 080 Kal 0To onUELo TG
oupnBpootopiag (SUo okUAol) kat Sldtpnon tng
oupnBpag (évag okVAog). (Cerf & Lindquist 2012).

Te SU0 EeXWPLOTEG PENETEG yla T XPRon tng
SlaevSookotitkig LITT yia tn Bepamela tng oxeTL-
{opevng e To Spirocerca lupi veomhaclag Tou oL-
oo@ayou og oKUAOUG (8U0 Kal Sekaemtd okUAOL),
N katdAuon pe LITT cUoXETIOTNKE PE XAUNAOTEPN
voonpoTNTa, cUyKplolun pakpotpoBeopn emBilw-
0N KAl CUVTOPOTEPEG VOONAEleg O€ OUYKPLON HE TN

chromophores in cells. The cells convert the ab-
sorbed energy into heat, which diffuses to adja-
cent tissues (Hinshaw et al. 2014).

LITT has been used extensively for tumor abla-
tion in veterinary oncology for wide varieties of
superficial and deep tumors, including various
carcinomas, sarcomas, and adenomas, as well
as tumors of the brain, mammary tissue, and
prostate, with extremely variable outcomes. In
one study of near-IR LITT for thirty-eight dogs
with obstruction due to lower urinary track tran-
sitional cell carcinoma (TCC), although median
survival was 380 days, there were significant
risks with the procedure, with complications in-
cluding stranguria (two dogs), stenosis at the
cystourethral junction (three dogs), TCC seeding
of the lower urinary tract and urethrostomy site
(two dogs), and urethral penetration (one dog)
(Cerf & Lindquist 2012).

In two separate studies of the use of transen-
doscopic LITT for the treatment of Spirocerca lu-
pi-associated esophageal neoplasia in dogs (two
and seventeen dogs), LITT ablation was associat-
ed with lower morbidity, comparable long-term
survival, and shorter hospitalizations compared
with surgical management (Yas et al. 2013, Shi-
pov et al. 2015). Another study demonstrated
successful endoscopic LITT ablation of a trache-
al osteochondroma in a four-month-old golden
retriever using a diode laser, with no notable
post-treatment complications (Bottero et al.
2016). In these studies, LITT ablation appeared
to be a safe and effective palliative treatment
option for esophageal and tracheal tumors of
various histopathologic subtypes.

LITT ablation has also been applied to super-
ficial tumors in veterinary medicine for both ab-
lation and excision of tumors. In a study of thir-
ty-eight client-owned dogs with a total of forty
skin tumors of various types, CO, lasers were
used to compare excision, ablation, and com-
bined excision and ablation laser techniques.
Local tumor recurrence occurred in two cases.
Healing times was less than twelve days in 88%
of dogs treated with the combined excision and
ablation protocol, with total procedure times of
less than ten minutes (Paczuska et al. 2014). This
study demonstrated the advantages of CO, laser
treatment for ablation of superficial tumors, and
its potential as an alternative to surgery for skin
tumors, as it allows for non-contact excision,
simplified procedures, and negligible damage to
surrounding tissues (Paczuska et al. 2014).
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XELPOUPYLKN avtipetwrion (Yas et al. 2013, Shipov
etal. 2015). Mwa &AAN peAéTn KatéSeLEe Tny eTLtuxn
€VS00KOTILKN KataAuon LITT evog ooteoxovépwpa-
TOG TNG Tpaxelag o€ éva Golden Retriever nAtkiag
TECOAPWVY PNVWV pe xprion SLodlkou AéLlep, Xw-
plg a&loonuelwteg emumAokég petd tn Bepameia
(Bottero et al. 2016). Z& QUTEG TLG HEAETEG, N EKTOUN
LITT @Avnke va amoteAel ao@aArG KAl amoTeAe-
OMATLKN TIApNyopNTLKA Bepameutikn €mAOyn yLa
OYKOUG TOU OLOOYAYOU KaL TNG Tpaxelag Stapodpwv
LOTOTIABOAOYLKWY UTIOTUTIWV.

H katdAuon pe LITT €xeL emiong epappootel o€
ETILPAVELAKOUG OYKOUG OTNV KINVLATPLKN TOCO
yld TNV KAtaotpo@r 000 KAl yLd TNV EKTOMN TwV
OYKWV. Z€ PLA JEAETN TPLAVTA OKTW OKUAWV HIE OU-
VOALKA oapdavta Seppatikolg Oykoug SLa@opwv
Tunwy, xpnotpototribnkav Aélep CO2 yua tn ov-
YKPLON TNG EKTOPNG, TNG KATAAUONG KAl TwWV CUVSU-
OOHEVWV TEXVLIKWVY AELLEP EKTOUNG KAl KATAAUONG.
Ye 80 TIEPLITTWOELG CNUELWONKE TOTILKY UTIOTPOTINA
TOU OyKoU. O XpOVOG EMOUAWCNG ATAV PLKPOTEPOG
aTmo SWEEKA NUEPEG 0TO 88% TWV OKUAWV TIOU UTIO-
BAnBnKav o Beparmela Pe TO CUVSUACHEVO TIPWTO-
KOANO EKTOMNG KAl KATAAUONG, PE CUVOALKO XpOvo
emépBaong Atyotepo amd Séka Aemtd. (Paczuska et
al. 2014). Auth n peAéTn KatéSELEE Ta TIAEOVEKTUa-
Ta NG Beparmeiag pe Aewlep CO2 yla tnVv KatdAuon
ETILPAVELAKWY OYKWV KAl TLG SUVATOTNTEG TNG WG
EVOAOKTLKAG AUONG OTn XELPOUPYLKN ETEPPAoN
yla Toug OyKOUG TOU SEpPUATOC, KABWG ETILTPETEL
TNV ektopn Slxwg magn, TLG ATTAOUCTEUHEVEG SL-
adkaotleg kat tnv apeAntéa BAARN otoug epLAA-
Aovteg Lotouq. (Paczuska et al. 2014).

O ouvduaopog tng LITT awaipeong tou Oykou
Kal SLapopwy (pWTOEUALoOBNTOTIONTWY £XEL SLe-
peLVNBEL O SLAYOPEG KTNVLATPLKEG OYKOAOYLKEG
€QAPUOYEG. MLa peAETn Tou a&loAdynoe TNV Kut-
TOPOTOELKN €MISPACN TNG €VSOOYKLKAG E£yXUONG
vavopapBSswv xpucoou, TPV amod TNV agaipeon Je
A€Lep, OYKWV TOU JaoToU o€ §£Ka OKUAOUG Kal €L
Yateg, £6€L&e AN PN VYPESN OTO 62,5% TwWV (WWV, UE
25% Twv {WWV va UTOTPOTILA{OLV PETA TNV apxL-
K| avtamokplon otn Beparmeia. EldikdTepQ, oL va-
vopapséoL xpuoou Sev eiyav tolkn enidpacon oto
TpoiA Tou alpatog ) otn Asttoupyla TwWV VEQPWVY
I TOU ATAtog Kat n cuvoAwkn emBiwon Atav 315
nuépeg (Abdoon et al. 2016). T pLa Eexwplotr pe-
AETN, TPELG EVEOOYKLKEG 5O0ELG vavopaRSwy Xpu-
ooU KAl XapnAng 8éong LITT og Staotripata SVo
€BSopadwy €6elEav OTL oL dykoL ekpndeviotnkav
KUplwGg péow amomtwong pe pelwon tou Padpou
KakonBeLag Petd amo pia Bepameia kat TTARpn uTo-
XWPNon HETA ato TpeLg. Ol YETAOTACELG anouaia-
{av oTLG aKTWVoypaWleg €va €T0G PeTaA tn Bepareia
(Ali et al. 2016).

Tumor ablation in veterinary oncology

The combination of LITT tumor ablation and
various photosensitizers has been investigated
in various veterinary oncologic applications. One
study evaluating the cytotoxic effect of intratu-
moral injection of gold nanorods prior to laser
ablation of mammary tumors in ten dogs and
six cats showed complete remission in 62.5%
of animals, with 25% of animals relapsing after
initial treatment response. Notably, gold nano-
rods had no toxic effect on blood profile or func-
tion of the kidney or liver, and overall survival
was 315 days (Abdoon et al. 2016). In a separate
study, three doses of intratumoral gold nano-
rods and low-dose LITT at two-week intervals
demonstrated that tumors were ablated mainly
via apoptosis with a reduction in tumor grade
after one treatment and complete regression af-
ter three. Metastasis was absent on radiographs
one year post-treatment (Ali et al. 2016).

Microwave ablation

Microwave ablation (MWA) is a thermal abla-
tion modality that involves the transmission of
microwave electromagnetic energy through an
antenna into tumor tissue. The microwave ener-
gy results in the orientation of water molecules
within an electromagnetic field, which contin-
uously realign when an oscillating microwave
field is applied. The continuous realignment of
the water molecules increases kinetic energy,
raising the temperature of the tissue to cause
coagulative necrosis of the tumor (Hinshaw et
al. 2014). Similarly to other ablation modalities,
MWA is performed under ultrasound or CT im-
age guidance.

The use of MWA may be particularly advanta-
geous for the ablation of high-impedance tum-
ors of the lung and bone, because microwave
energy penetrates biological tissues regardless
of impedance to electrical current (Andreano &
Brace 2013). Further, MWA rapidly achieves high
temperatures to reduce treatment times, can
create relatively large ablation zones with in-
creased consistency across tissue types, and is
relatively insensitive to heat sink effects of large
peritumoral blood vessels (Andreano & Brace
2013)

Importantly, there are some limitations of MWA
that may reduce its application in veterinary on-
cology. The necessity of cooling mechanisms in
microwave antennas complicates treatment pro-
cedures. Additionally, there is a significant clini-
cal learning curve due to the high temperatures
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KatdAvon pe pikpokipatra

H katd\uon pe pdikpokupata (MWA) sivat pla pé-
B080¢ BepULKAG €KTOPNG TIOU TEPIAAUPBAVEL TN
HETAS00N NAEKTPOPAYVNTLKAG EVEPYELAG PLKPOKU-
paTwy péow pLag kepatag otov LoTod Tou dykou. H
EVEPYELD TWV PLKPOKUPATWY EXEL WG ATIOTEAECHA
TOV TIPOCAVATOALOHO TWV Hoplwv TOU VEPOU EVTOG
€VOG NAeKTpopayvntikou Tedilou, ta otmola enava-
poodlopllovtal ouveXWG otav epappodetal Eva
TOAQVTEUOPEVO TIESIO HPLKPOKUPATWY. H ouveXng
avampooappoyr Twv Hoplwv vEpoU AugAveL TNV KL-
VNTLKI TOUG eVEPYELa, auEdvovTag tn Beppokpacia
TOU LOTOU WOTE va TIPOKANBEL TINKTIKN VEKPpWON
Tou OyKou. (Hinshaw et al. 2014). Opolwg pe GAAeg
peBOSoug katdAuong, N MWA ekteAeital utto kabo-
Srynon pe uteprixoug r ge a&ovikr Topoypapia.

H xprion tng MWA prmopel va elval Saitepa
TIAEOVEKTLKN yLa TNV apaipeon 0ykwv unAng nAe-
KTPLKNG aQvTLloTaong Tou TVEUPOVA KAl TwV 00TWY,
ETIELSN) N EVEPYELA PLKPOKUPATWY SLELOSUEL OTOUG
BLoAoytkoUg Lotoug avegdptnta amd tnv aviiota-
on 0To NAEKTPLKO pevpa (Andreano & Brace 2013).
EmumAéov, n MWA emituyxavel ypriyopa ulnAég
Beppokpaocieg pe peiwon tou xpdvou Bepameiac,
pTIopel va SnULOUPYNOEL OXETLKA PEYAAEG JWVEG
KATAAUONG JE TTapOPOLa ATIOTEAECUATA O SLAPO-
POUG TUTIOUG LOTWV Kal glval oXeTka un evatodn-
TN OTLG TS PACELG aToppOPnonG BeppoTNTAg TWV
HEYOAWV alpgoopwy ayyelwv yupw amo Tov OyKo
(Andreano & Brace 2013).

Elvat onpavtikd otL uttdpxouv opLopévoL TIEPL-
optopol tng MWA Tou pmopel va peLwoouv Tnv
€PAPHOYN TNG 0TNV KTNVLATPLKN oykoAoyia. H ava-
ykatdtnta pnyxaviopwv Pugng otLg kepateg PLkpo-
KUPATWY TIEPLTTAEKEL TLG Sladlkaoleg Beparmelag.
ETiUTAg0V, UTTAPXEL PLa ONPAVTLKY KAWVLKE KQuTIO-
An gkpabnong Aoyw twv uPnAwv BeppoKpACLWY
Kat Tng taxelag avénong tng Beppokpaciag mou
ETILTUYXAVETAL KATA TN SLapkela tng Beparmelag
(Andreano & Brace 2013). Téhog, n MWA eival pla
TILO TIPOOYATN TPOCEYYLON TNG BepULKAG apaipe-
ONG OYKWV Kat €lvat yyevwg ALyOTEPO SLEPELVNHE-
vn and aM\eg peBodoug Bepuikng apalpeong Kat,
WG €K TOUTOU, Ta KAWVIKA SeSopéva elval ehdyLota.
H avamtuén BeAttwpévwy ocuotnpdtwy MWA Tou
avTLUETWTIL{OUV aUTOUG TOUG TIEPLOPLOPOUG EXEL
odnynoeL oe auénuevn epappoyn tg MWA otov
avBpwrto, n otola pmopel va petagpaoctel otLg
KTNVLATPLKEG EQPAPHOYEG. Mapd Tn OXETKA TIPO-
oQatn €Loaywyn tg MWA otnv KTnvLaTpLkn, €xeL
SlepeuvnBel oe Teploplopévo Babpo yla egpappo-
YEG 0TNV Katdhuon Oykwv Lotwv uPnAdtepng avti-
otaong, 6w  To NTap, 0 TIVELOVAG, OL VEPPOL Kat
Ta 00TA.

Y€ PLa JEAETN OTIOU CUMHETELXAV TIEVTE OKUAOL PE

and rapid temperature increases achieved dur-
ing treatment (Andreano & Brace 2013). Finally,
MWA is a more recent iteration of thermal tumor
ablation and is inherently less explored than
other thermal ablation modalities, and therefore
clinical data is sparse. Development of improved
MWA systems that address these limitations has
led to increased application of MWA in humans,
which may translate to the veterinary applica-
tions. Despite the relatively recent introduction
of MWA into veterinary medicine, it has been
limitedly explored for applications in the abla-
tion of tumors of higher impedance tissues such
as the liver, lung, kidney, and bone.

In a study of five dogs with nonresectable pri-
mary and metastatic liver tumors, MWA was per-
formed without procedural complications (Yang
et al. 2017). However, assessing survival bene-
fit and disease-free periods were not within the
scope of this study. In a study including two dogs
with metastatic hemangiosarcoma of the liver
and primary hepatocellular carcinoma, technical
feasibility of laparoscopic MWA was established,
with no procedural complications (Oramas et al.
2019). This study also probed six canine cadav-
ers to confirm that all liver lobes were laparo-
scopically accessible for MWA, suggesting that
laparoscopic MWA may be a feasible, minimal-
ly-invasive treatment option for nonresectable
hepatic neoplasia. Percutaneous MWA has also
been successfully applied for the treatment of
renal carcinoma in one dog, with no complica-
tions occurring and the dog still alive 3 years
post-treatment (Culp et al. 2017).

MWA has also been explored for the treatment
of both metastatic and primary appendicular os-
teosarcoma. In a 10-year old mixed breed dog
with pulmonary metastasis secondary to ap-
pendicular osteosarcoma, video-assisted MWA
was performed thoracoscopically without com-
plication (Mazzaccari et al. 2017). The dog lived
for 257 days after the procedure with improved
clinical signs after treatment, however the pa-
tient had previously undergone doxorubicin and
carboplatin chemotherapy prior to the diagnosis
of the pulmonary lesion, and it is likely that the
observed survival benefit after MWA is partial-
ly attributable to the chemotherapy. In another
study of two dogs with appendicular osteosar-
coma with presumptive pulmonary metastasis
undergoing chemotherapy, Dornbush et al. per-
formed percutaneous MWA under ultrasound
and CT image guidance (Dornbusch et al. 2020).
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pn €EaLPECLPOUG TTPWTOTIABELG KAl PETAOTATIKOUG
OyKoug Tou nmatog, N MWA mpaypatotolrdnke
xwplg Steyxelpntikég emumhokég (Yang et al. 2017).
Qot0600, n aflohdynon Tou opeloug eTLBlwong Kat
TWV TEPLOSWV XWpLg vooo Sev ntav oto mAaiolo
QUTAG TNG MEAETNG. Z€ PLa HEAETN TIOU TIEPLEAAWPa-
ve SU0 OKUAOUG [E PETAOTATLKO ALYAYYELOOAPKW-
HQ TOU ATIATOC KAl TIPWTOTIABEG NTIATOKUTTAPLKO
Kapkivwpa, SLamotwlnke n TEXVLKI OKOTILUOTNTA
NG AAmapooKoTilkiG MWA, Xwplg SLEYXELPNTIKES
emumAokéG (Oramas et al. 2019). Autf n peAétn
Xpnolpotoinoe miong £€EL TTWPATA OKUAWY yLa va
emPBeBatwoel 6TL 6AoL oL AoBol Tou ATatog fTtav
AamapookoTikd Tpoofactpol yia MWA, yeyovog
TIou UTIOSNAWVEL OTL N AamapookoTiikr) MWA prto-
pel va elval pLa e@ktr, eAdyLota emeyBatikr Be-
PATIEUTLKN ETILAOYN Yyla PN €EALPECLUEG NTIATLKEG
veomhaoieg. H Stadeppikr) MWA éxel emtiong epap-
pootel pe emituyia yla tn Beparmela kapkivou tou
vepoU o€ evav OKUAO, xwplg va TtapoucLactouv
ETILTTAOKEG KAL 0 OKUAOG eEakoAouBel va CeL 3 xpo-
via peta tn Bepareia. (Culp et al. 2017).

H MWA g€xeL emtiong StepeuvnBetl yila tn Bepamneia
TOOO TOU PETAOTATIKOU 00O KAl TOU TpWwToTa-
Boug (primary appendicular osteosarcoma) oote-
00QPKWHATOG TWV AKPWV. L€ OKUAO PLKTAG QUANAG
NAkiag 10 €ETWV PE TIVEUPOVLKI HPETAOTACN OOTE-
000PKWHATOG TWV GKpwv, n umoBonBolpevn pe
Bivteo MWA &levepynbnke BwpakookoTiLka Xwplg
eTLMAOKEG (Mazzaccari et al. 2017). O okUAoG €Znoe
257 nNUEPEG PETA TNV eMéPPaocn Pe BeEATLwpPEVA KAL-
VLKA onpeta petd tn Bepaneia, wotdoo o acbevr|g
elxe ponyoupévwg uttoBAnBel og xnueloBeparneia
pe SoEopouBiLkivn kat kapBorAativn Tipv amod t
SLdyvwon Tng TveUPoVLKAG BAARNG Kat elvat ba-
vO TO TapaTnNPOUPEVO OYEAOG eLPBlwong PETA TN
MWA va opeiletal ev pEpeL otn XnHeLoBeparneia.
Y& pla GAN PEAETN SU0 OKUAWV PE O0OTEOCAPKW-
Ma TWV AKPpWV PE TIBav TIVEUPOVLKI PETAOTAON
UTIO xnueloBepameia, ot Dornbush et al. mpayua-
tomoinoav tadeppikry MWA uttd tnv kabodrynon
UTTEPNXWV Kal a&oVLKn¢ Topoypagiag. (Dornbusch
et al. 2020). L& autr tn PEAETN, Kat ol U0 OKUAOL
UTIEOTNOAV NTILO KAl PETPLO TIVEUHOBWPAKA KATd
TN SLdpkeLa TG emepPaong, Pe xpovoug emBlwong
TIOU NTaV CUYKPIOLPOL PE TOUG OKUAOUG TIOU &gV
€Napav Beparmeia. Qotooo, n enépBaocn kdGoTLoE 50-
66% 000 pLa BwpakoTour) Je AoBektopn Tvelpova,
YEYOVOG TIoU UTTOSNAWVEL OTL N MWA TwVv TVeUpo-
VLKWV PETAOTACEWV PTIOPEL va glval onpavTikd 1o
aToSOTLKN aTIO TN XELPOUPYLKN EMEPPBaaN.

H xprjon tg MWA yla tn Bepareia OyKwv Twv
00TWV TIApoUCLAleL LSLAlTEPO EVELAPEPOVY, AOYW
™G UPNANG NAEKTPLKNG avtiotaong Twv 00Twv
Tou TteplopileL TNV epappoyr] AAwv pebodwv Bep-

Tumor ablation in veterinary oncology

In this study, both dogs sustained mild and mod-
erate pneumothorax during the procedure, with
survival times that were comparable to dogs that
did not receive therapy. However, the procedure
was 50-66% as expensive as a thoracotomy with
lung lobectomy, suggesting that MWA of lung
metastasis may be significantly more cost effec-
tive than surgery.

The use of MWA for the treatment of bone tu-
mors is of particular interest, due to the high im-
pedance of bone that limits application of other
thermal ablation modalities. MWA for the treat-
ment of neoplastic bone has been limitedly ex-
plored, with extremely variable clinical respons-
es. In the first veterinary pilot study of MWA for
bone tumors, six dogs with distal radial osteo-
sarcoma were treated with fluoroscopy-guided
MWA (Salyer et al. 2020). There were no proce-
dural complications, but long-term follow up on
clinical signs was not reported. Tumor necrosis
post-treatment varied significantly between 30
and 90%, necessitating larger sample sizes and
longer follow-ups to further assess applicabili-
ty of MWA for the treatment of bone tumors in
dogs.

Radiofrequency ablation

Radiofrequency ablation (RFA) applies alternat-
ing electrical currents (200-1, 200 Hz) between
interstitial electrodes, to activate the Joule ef-
fect. Under the Joule effect, flow of the electric
current causes ions in adjacent tissues to rapidly
oscillate, which raises tissue temperature near
the electrodes via friction (Hong & Georgiades
2010). The resulting thermal ablation zone can
then grow via thermal diffusion and conduc-
tion. RFA can be monopolar, in which current is
transmitted through an interstitial electrode and
returns through grounding pads on the skin,
or bipolar, in which current oscillates between
two interstitial electrodes in the absence of a
grounding pad (Hong & Georgiades 2010).
Despite the minimally-invasive nature of RFA
and customizability of treatment with electrode
configurations, there are significant setbacks to
this modality that limit its application in veteri-
nary medicine. Dermal wounds can easily occur
during treatment if there are insufficient quan-
tities or uneven placement of grounding pads
(Rhim et al. 2004). The nature of RFA also lim-
its its application to certain tissue types. Specif-
ically, heat transfer via conduction is slow and
struggles to overcome local tissue perfusion and
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HLKAG KatdAuong. H MWA yia tn Bepamnela veoTiAa-
OMATWVY TWV 00TWV EXEL SLepeuVNBEL TTIEPLOPLOPIEVA,
HE €EALPETLKA SLAPOPETLKA KALVLKA amoTeAéoaTa.
ZTNV TIPWTN KTNVLATPLKNA TILAOTLKI PEAETN TNG MWA
yld 00TIKOUG OYKOUG, £EL OKUAOL IE OOTEOCAPKWHA
TNG TIEPLPEPLKNG KEPKISaG uTtoRANBNKav oe Bepa-
mela pe kaBodnyoUpevn Pe aKTLVOOKOTINGN MWA
(Salyer et al. 2020). Aev umtpE€av €MUTAOKEG Katd
T Swadikacia, aA\a Sev avagepBbnke pakpoxpo-
vLd TIapakoAoUONOoN TWV KAWLKWY CUUTITWHATWV.
H vékpwon tou Oykou PeTd TN Bepareia Kupawvo-
tav petagL 30 kat 90%, yeyovog TIou onpatveL Twg
arattovvtal HeyaAUTEPEG KAL PE TILO HAKPOXPOVLA
TiapakoAoUBbnaon HEAETEG, yla TNV epaltépw a&Lo-
Adynon tg MWA yia tn Beparmela 00TKWY OYKWY
o€ OKUAOUG.

KatdAuon pe padtocuyvotnteg

H katdAuon pe padtoouyvotnreg (RFA) epappolet
EVOANOOOOPEVA NAEKTPLKA peUpata (200-1.200 Hz)
peTtagU nAektpodiwv yla tnv evepyottolnon Tou
@awopévou Joule. Ito TAaiolo Tou QaAlvopEvou
Joule, n por} Tou NAEKTPLKOU PEVPATOC TPOKAAEL
taxela ToAdvtwon Twv LWOVTWV OTOUG TIOPAKELYE-
VOUG Lotoug, n omtola au€dvel tn Beppokpacia Twv
LOTWV KOVTA 0Ta NAEKTPOSLA péow TpLRng (Hong &
Georgiades 2010). H mpokumtouca wvn BepULKNG
KataA\uong PTopel otn cuvexela va auénbel peow
BepuLkng Staxuong Kat aywyng. H RFA pmopel va
€lval JOVOTIOALKN), KATA TNV oTola To pevpa PETa-
Sidetal péow evog Sladueoou nAekTpoSiou Kal €L~
OTPEPEL PEOW ETILPAVELWV Yelwong oto &épua, N
SUTOALKN), Katd TNV oTola To PEUPA TAAQVTWVETAL
peTagU SUo Slapecwv NAeKTpoSlwv eNeleL eTL-
@avelag yelwong. (Hong & Georgiades 2010).

Mapd tnv eAdyLota emepBatikn puon tng RFA kat
TNV TPOCAPPOCTIKOTNTA TNG Bepareiag pe TLg SLa-
HOPPWOELG TwV NAEKTPOSIWY, UTIAPXOUV CNUAVTL-
KA PELOVEKTNHATA OE auTr Tn pEBoSo Tou TepLopi-
{ouv TNV €Qappoyn TNG oTnNV KTNVvLatpLkn. Katd tn
SLapkeLla Tng Beparmelag pmmopolV €UKOAA va TIpo-
KANBouv tpalpata oto SEppa eav Sev XproLUOTIOL-
nboulv emapkn | cwotd tomobetnuéva pagapla
yelwong (Rhim et al. 2004). H @Uon tng RFA mept-
oplletL emiong tnv €@appoyr TG o€ OPLOHEVOUG
TUTIOUG LOTWV. JUYKEKPLUEVQ, N PETaWopd Beppd-
NTag péow aywyng elvat apyn kat SuckoAevetal
va emepdoeL TNV TOTILKA LOTKA atpgdtwon A Tov ae-
PLOPO OTOUG TIEPLOCOTEPOUG LOTOUG, YEYOVOG TTIOU
odnyel og onpavtikn Stakupavon twv {wvwv RFA
avAAoya PE TNV ETEPOYEVELA TOU LOTOU.

Ektog amd tig epappoyEg yla tn Bepamela Tou
uttepBupeoelSiopou (Mallery et al. 2003) kat tou
uttepriapadupeosldiopol (Pollard et al. 2001), n
TIAELOVOTNTA TNG XPronG NG RFA otnv ktnviatpt-

ventilation in most tissues, which leads to signif-
icant variation in RFA zones depending on the
tissue heterogeneity.

In addition to applications for the treatment
of hyperthyroidism (Mallery et al. 2003) and
hyperparathyroidism (Pollard et al. 2001), the
majority of the use of RFA in veterinary oncol-
ogy has been in experimental tumor models,
with limited case reports in spontaneous dis-
ease. To the best of the authors’ knowledge, the
only cases of the use of RFA for the ablation of
spontaneous tumors in veterinary patients are
for prostatic carcinoma and cardiac chemodec-
tomas. In the case of one dog diagnosed with
prostatic carcinoma, RFA was performed intra-
operatively via direct visualization of the pros-
tate tumor, with successful ablation and no
complications (Culp et al. 2017). In the first de-
scription of percutaneous echo-guided RFA of
aortic tumors, ultrasound-guided RFA was used
to treat chemodectomas in five dogs, yielding
no complications during the procedure or in the
following 24 hours (Gomez Ochoa et al. 2021).
Procedures were generally 35 minutes long with
discharge times of two hours, suggesting that
echo-guided RFA may be a robust and cost-ef-
fective method for treatment of cardiac tumors
in dogs. There was a marked reduction in tu-
mor size in all dogs one month after treatment,
and these size reductions were only slight three
months after treatment, suggesting incomplete
ablation. However, one dog was treated with a
second percutaneous echo-guided RFA eight
months later to relieve vena cava compression,
and the dog remained stable 6 months after this
procedure, suggesting that serial echo-guided
RFA may be feasible for the treatment of canine
chemodectomas (Gomez Ochoa et al. 2021).

High-intensity focused ultrasound (HIFU) abla-
tion

HIFU ablation involves the delivery of high pow-
er, converging ultrasound beams from an ex-
tracorpeal ultrasound transducer into targeted
tissue volumes (Figure 2). The mechanical vi-
bration of the focused sound waves generates
heat in the tissue, causing coagulative necrosis
of target tissue within the focal plane of the ul-
trasound beam (Ter Haar 2016). HIFU ablation
is performed under MR or ultrasound image
guidance, and is considered the least invasive
thermal ablation modality when using an extra-
corpeal transducer for the ablation of superfi-
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Kr) oykoAoyia €xeL ylvel o€ TIELPAPATIKA HOVTEAQ
OYKWV, PE TIEPLOPLOPEVEG AVAPOPEG TIEPLOTATLKWY
oe (wa meAatwv. EE dowv yvwpidouv oL cuyypa-
Pelg, oL pOVEG IepUTTWOELG Xpriong RFA yLa tnv Ka-
TAAUON OYKWV O€ KTNVLATPLKOUG aoBevelg elval yia
TO KOPK{VWHA TOU TIPOOTATN KAl TA KapSLaka xn-
HELOSEKTWHATA. TNV TIEPITITWON EVOG OKUAOU TIOU
SLayVWOTNKE PE KapKIVWHa Tou Tipootdatn, n RFA
TIPAYHATOTIOLBNKE SLEYXELPNTLIKA HECW QVOLKTAG
EMEPPBAONG yla OYKO TOU TIPOOTATN, HPE ETLTUXN
KatdAuon Kat xwpig emumhokég (Culp et al. 2017).
TNV TIPpWTN TIEPLYPAPN TNG SLASEPULKNAG NXoKabo-
Snyoupevng RFA aopTikwv Oykwy, n RFA utto ute-
PNXOYPaYLK Kabodrynon xpnolpotol)dnke yia
Tn Bepamneia xNUELOSEKTWHATWY O€ TTEVTE OKUAOUG,
XwpLg ETUITAOKEG KaTA TN SLApKeLa TNG emepBaong
| TG eMopeveC 24 wpeg (Gomez Ochoa et al. 2021).
Ou emepPaoelg Stapkovoav yevika 35 Aemtd pe
XPOVOUCG OAOKANpwWONG tng miokePng SUO Wpwy,
YEYOVOG TIOU UTTOSNAWVEL OTL N NXoKaBosnyoupe-
vn RFA propel va elval pLa amoTeAECPATIKN Kal
OLKOVOMLKA amo8otiki pEBodog yia tn Beparmeia
KapSLaKWV OYKWV o€ okUAoUC. YTirp&e a&loonpel-
wTtn pelwon Tou PeyEBoug Tou OYKOU 0€ OAOUG TOUG
OKUAOUG €va prva Peta tn Bepamela evw n EAATTw-
on Tou PeyEBoUC Tou OYKOU NTAv PLKPOTEPN TPELG
MNVEG PETA TN Beparela, yeyovog TTOU UTTOSNAWVEL
ateAr] katdAuon. Qotdoo, évag okUAOG UTIORAR-
Bnke o€ Beparela pe Seltepn SLASEPULK) NXOKa-
Bodnyolpevn RFA oktw PrveG apydtepa yla Tnv
avakoU@LoN TG ocupTiieong tng KolAng PAERag Kat
0 OKUAOG TIapEpELVE 0TABEPOG 6 PRVeEG PeTA amd
autn tn Sladlkaota, yeyovog Tou UTIoSNAWVEL OTL
n enavaiAnyn tg nxokabodnyoupevng RFA pmopetl
va glvat epiktn yla tn Bepamneia Twv XNHUELOSEKTW-
pdtwv okVOAWv. (Gomez Ochoa et al. 2021).

KatdAvon pe vrtepriyous uPnAng évraong (HIFU)

H katdAuon HIFU meplAapBdvel tnv mapoxn ou-
YKAlvouoag §€opng uteprixwv uPnAng Loxvog ano
€EWOWHATLKO E0TLAKO UTIEPNXOYPAPO TIPOG TOUG
oToxeLpEVOUG Oykoug (Ewkdva 2). H pnyavikn §6-
VNon TWV E0TLAOPEVWY NYXNTLKWY KUPATWY Ttapd-
YEL BeppdTNTA OTOV LOTO, TIPOKAAWVTAG TINKTLKN
VEKPWON TOU LOTOU-0TOXOU EVIOG TOU €0TLAKOU
EMUTESOU TNG Séopng uteprxwv (Ter Haar 2016).
H katdAuon HIFU mpaypatoroteitat umd kabo-
Snynon pe payvntikn topoypagia 3 tn Bonbela
UTtEPrXWV Kal Bewpeltal n Alyotepo €mMePPATLKN
pEBOSOC BEPULKAC EKTOUNG OTAV XpnoLyoTIoLElTal
€EWOWPATLKOG €0TLAKOG UTIEPNXOYPAPOCG yld TNV
KATOOTPOYN ETLPAVELOKWY KaAoNBwV OyKwv TIou
Sev mepLBANovTal amo ootd Kat aépa. (Knavel &
Brace 2013). H HIFU propel emiong va ekteheotel
pe SlopBikoug, Slapecoug Kat SladeppLkolg €0TL-
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cial and benign tumors not surrounded by bone
and air (Knavel & Brace 2013). HIFU can also be
performed with transrectal, interstitial, and per-
cutaneous transducers for the ablation of pros-
tate tumors, biliary and esophageal tumors, and
deeper tumors with limitations, respectively (Ter
Haar 2016).

In addition to being the only completely non-in-
vasive thermal ablation modality, HIFU ablation
can generally be performed with high precision
between treated and untreated tissue. Howev-
er, HIFU ablation is potentially less effective for
deeper tumors because of low penetrance of
ultrasound through tissues (Ter Haar 2016). Ad-
ditionally, there is risk of skin burns, peripheral
nerve damage, and intestinal injury due to scat-
ter and reflection of ultrasound waves, particu-
larly when treating in areas obstructed by bone,
that lead to off-target beam focus (Seward et al.
2019). HIFU ablation is further limited in its use
in areas that are subject to respiratory motion
due to decreased precision, or are shielded by
bone (Seward et al. 2019).

HIFU ablation has a wide range of clinical ap-
plication for tumor ablation in veterinary oncolo-
gy, but many studies are retrospective in nature
and there have been few controlled clinical trials
of the use of HIFU tumor ablation in veterinary
patients.

Ryu et al. report a retrospective study of elev-
en dogs that underwent HIFU ablation of solid
tumors, which included multiple transitional cell
carcinomas of the bladder, as well as carcinomas
and mast cell tumors of the mammary gland, or-
bit, hip, and abdominal cavity (Ryu et al. 2018).
The majority of truncal and axillary tumors and
all extremity tumors were targetable with HIFU,
while head and spinal tumors were the least tar-
getable tumor types. Clinical signs improved in
five of the treated dogs, while stopping bleeding
in four dogs with hemorrhagic tumors despite
some complications including hyperthermia, er-
ythema, enteritis, and skin burns. The optimal
treatment volume for HIFU ablation of STS was
determined to be <200 cm?3, with optimal and
maximum target depths of <8 cm and <11 cm,
respectively. In another retrospective study of
dogs with soft tissue sarcoma, based on imaging
analysis, accessibility of the tumor site by ultra-
sound beam, and proximity to the spinal cord,
Seward et al. report that 81% of dogs diagnosed
with soft tissue sarcoma had tumors targetable
with MR-guided HIFU ablation. Head and spinal
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cuopuLse

IXAMa 2. Oepanela UTOSAPLWY OYKWY HE EOTLAOHEVOUG UTIEPAXOUG
unAng evtaong (HIFU) oe aoBeveig okAoug. A) Evag okUAoG Tou St-
AYVWOTNKE PE OApKWHA HOAGKWY Hopilwv xapnAol Babpol Bpioketal
UTTO ELOTIVEUOTLKR YEVLKN avatoBnoia. Mia KAwikr cuckeur) HIFU kabo-
SnyoUPEVN HE UTIEPHXOUG XPNOLUOTIOLELTAL YLa TN OTOXEUGH TOU OYKOU
TIoU BploKETAL OTOV APLOTEPO TIAAYLO PNPOG TOU okKUAou. H povasa Be-
parelag TomobeTELTaL TTAVW aTd TOV GTOXEUOHEVO OYKO Kal n Bepameia
TiapakohouBeital og Tpaypatikod xpovo péow Utepnyotopoypagiag. (B)
MaKpOOKOTILKN ELKOVA £VOG OyKou Tou €xeL uTtootel Beparmeia pe HIFU.
To K{TPLVO aOoTEPL UTIOSELKVUEL TO GTOXEUHEVO TR TOU OyKou, TO oTolo
Xapaktnpildetat amo SLaxutn alpoppayia Kat ckoUpo KOKKLVO Ewg Haupo
xpwpa. (C) Etkdva pkpooKoTiiou Tou oToxeupévou dykou pe xpwon H&E,
n oTtola KATASELKVUEL TINKTLK VEKPWOT KAl atdoppayia 0To oToXEUHEVO
onpelo, TTou SLaypdagetat €VTova amod ToV Pn CTOXEUHEVO LOTO TOU GyKOU
(kitpwn ypappny). (rnyn etkdvwv: TpoowTikd apxeio ouyypapéwv)
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Figure 2. High-intensity focused ultrasound (HIFU) treatment of subcu-
taneous tumors in canine patients. A) A dog diagnosed with a low grade
soft tissue sarcoma is under inhalational general anesthesia. A clinical
ultrasound-guided HIFU device is used to target the tumor located at the
left lateral thigh of the dog. The treatment unit is positioned over the tar-
geted tumor, and the treatment is monitored in real time via ultrasonog-
raphy. (B) Gross image of a HIFU-treated tumor. The yellow star indicates
the treated portion of the tumor, characterized by diffuse hemorrhage
and dark red to black color. (C) Microscopy image of the treated tumor
stained with standard H&E, demonstrating coagulative necrosis and
haemorrhage at the treated site, sharply delineated from the untreated
tumor tissue (yellow line). (source of the images: personal authors'’ file)

aKOUG UTIEPNXOYPAPOUG YLA TNV EKTOUI OYKWV TOU
TIPOOTATN, OYKWVY TNG XOANG KAL TOU 0LGOPAYOU Kal
BabUtepwv OyKwV HE TIEPLOPLOHOUG, avtioTolya
(Ter Haar 2016).

Ektdg Tou OTL €lval n povn evteAwg pn eneppa-
TIKA P€B0SOG BePPLKNG KATAAUONG, N Kataluon Je
HIFU pmopel yevika va paypatomolnfel pe peya-
An akpiBeta peTaty uyloug Kal pn uyloug Lotou.
Qot0o00, N katdhuon pe HIFU glval Suvntka Alyo-
TEPO ATIOTEAECHATLKN yLa BaBUTEPOUG OYKOUGAOYW
™G XapnAnG Steloduong Twv UTIEPAXWVY PECW TWV
Lotwv (Ter Haar 2016). ETuAéoy, uttdpxet KivSuvog
Seppatikwy eykaupdtwy, BAABNG Twv TEPLYEPL-
KWV VEUPWV KaL EVTEPLKOU TPAUHPATLOHOU AOYW TNG
OKESAONG KAl TNG aVAKAAONG TWV KUPATWVY UTTE-
prAxwv, &lwg katd tn Beparmeila os EPLOXEC TIEPL-
B&M\ovtat amd ootd, TTou 08nyouV o€ €0TLAON TNG
8¢opng ektdg atoyou. (Seward et al. 2019). H katd-
Auon pe HIFU meplopidetal mepattépw otn xprnon
TNG O€ TIEPLOXEC TIOU UTIOKELVTAL OE AVATIVEUOTLKN
Klvnon Adyw petwpévng akpiBeLag r mpootatevo-
vtat arod ootd (Seward et al. 2019).

H katdAuon HIFU éxeL eupl @ACHA KAWLKWY
EPAPHPOYWV YL TNV EKTOPN OYKWV OTNV KInvLa-
TPLKN oykoAoyia, aANG TIOAAEG PEAETEG elval ava-
SpopLknG Yuong Kat €xouv SleEayBel Alyeg eAeyxo-
HEVEG KALVIKEG SOKLUEG yLa TN XPrON TNG EKTOUNG

tumors were least likely to be targetable, but all
extremity tumors and most truncal and axillary
tumors were considered targetable, suggest-
ing potentially wide clinical application of HIFU
ablation for the treatment of canine soft tissue
sarcoma.

Clinical trial evaluation of HIFU ablation of
spontaneous tumors in veterinary patients is
limited, but a number of small studies have been
reported evaluating HIFU ablation for a variety
of tumor types, both superficial and deep. Ko-
pelman et al. investigated the use of MR-guided
HIFU for the ablation of hepatocellular carcino-
ma in one dog, applying four separate treat-
ments over eight weeks. Following excision of
the tumor after the final HIFU treatment, HIFU
appeared to target the tumor with high preci-
sion but induced focal thermal injury to the car-
tilage of the right lower ribs, causing infection
requiring surgical intervention and negating the
noninvasive nature of the HIFU ablation (Ko-
pelman et al. 2006). Although the patient was
healthy ten months post-treatment, this study
highlights the potential risks of applying HIFU
ablation to deep-seated tumors. HIFU ablation
has been shown to successfully induce total tu-
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oykwv HIFU o€ ktnviatpikoug acBevelg. Ot Ryu et
al. avagépouv pla avaSpopLKr HEAETN EVTEKA OKU-
Awv Ttou UTIOBAABNKAV O KATAOTPOWPr] CUPTIAYWV
Oykwv pe HIFU, ol omolot mepteAdpBavav ToA-
AQTAG KOPKLVWHAOTA HPETAPRATIKWY KUTTAPWY TNG
o0UpodOXOU KUOTNG, KABWE Kal KAPKLVWHATA Kat
HOOTOKUTTWHATA TOU PAoTLkoU adéva, Tou ogBaA-
HLKOU KOYXOU, TOU LoXLOU KaL TNG KOLWALOKIG KOLWAO-
tntag (Ryu et al. 2018). H mAelovotnta twv dyKwv
TOU KOPHOU KAl TNG HaoXAANG KAt OAOL oL OyKOL TWV
AKpWV NTav otoxevoLpot pe HIFU, evw oL 0ykoL tng
KEPAANG Kal TNG OTIOVSUALKNG OTAANG Tav oL Alyo-
TEPO OTOXEVUCLUOL TUTTOL OYKWV. Ta KAWVLIKA onuela
BeATlwBNKav o€ TEVTE amo Toug OKUAOUG TTOU UTTo-
BANBnkav o Bepatela, EVW oTapdtnoe n algoppa-
yla o€ téooepLg okKUAOUG PE alpoppayLkolg OyKoug
TIAPA TLG OPLOPEVEG ETILTAOKEC, OTIWG UTtEpBepia,
€pUBNUQ, evtepitida kal eykavpata oto gppa. O
BéAtiotog Oykog Bepamelag yla tnv ektopny HIFU
tou STS mpooélopiotnke OtL elvar €200 cm?, pe
BEATLOTO Kal pEyLoto BaBog otoxou <8 cm Kat <11
cm, avtiotolya. Ze pla AAAN avadpopLKn HEAETN o€
OKUAOUG [E OApKWHA POAaKwY poplwy, pe Baon
TNV avaAuon Tng ateLkovLong, TNV TpocBactyotn-
TA TNG TIEPLOXNG TOU OYKOU OO TN SECUN UTIEPHXWV
KaL TNV gyyutnta oTtov vwtlaio pueAd, ot Seward
KAl ouv. ava@epouv OTL To 81% TWV OKUAWV Tou
SLayvwotnKav Pe oapkwpa JaAakwy poplwv eiyav
OYKOUG TIOU pTtopoucav va otoxeuBouv pe MR-ka-
Boényolpevn katdAuon pe HIFU. Ot dykol tng Ke-
(OAANG Kal TG OTIOVSUALKNG OTANG ATav Alydtepo
TOavo va eivat otoxeloLpoL, alAd 6Aot oL dykol
TWV GKPWV KaL OL TIEPLOCOTEPOL OYKOL TOU KOPHOU
Kat tng paoxdAng Bswpnbnkav otoxeuoLyoL, Ye-
YOVOG TIOU UTTOSNAWVEL SUVNTLKA EUPELA KALVLKN
€pappoyn tng kataAuong e HIFU yla tn Bepamneia
TOU GOPKWHATOG JAAOKWY HOPLwV OKUAWV.

H a&loAdynon o€ KAWLKEG SOKLUEG TNG KATAAU-
ongG auBéppunTwy oykwv pe HIFU og KTnviatplkoug
aoBevelc elval teploplopévn, ala exeL avapepBel
€vag aplBpdg YLkpwv HEAETWV TToU a&LloAoyouv tnv
kataAuon pe HIFU yua Stdpopoug TUTIoug OyKwy,
TOOO emupavelakolg 6oco kat Pabutepoug. OL
Kopelman et al. Stepevivnoav tn xprion tng MR-ka-
Bodnyoupevng HIFU yla tTnv KAt@Auon nmatokuT-
TOPLKOU KAPKLVWHATOG O €vav oKUAO, pappdlo-
VTaG TE00EPLG EEXWPLOTEG Bepareleg oe Slaotnua
OKTW ERSOPASWY. META TNV €KTOMR TOU OyKou
HETA tnV teAeutala Bepamela HIFU, n HIFU @avn-
KE VA OTOXEVEL TOV OYKO HE PEYAAN akpiBela, aA\a
TIPOKAAECE €oTlaKA Bepuikr) PAAPRN oto XOvSpo
TWV SeELWV KATW TIAEUPWY, TIPOKAAWVTAG AolpwEN
TIou amattoUoE XELPOUPYLKN ETEPPBAON Kal avat-
pWVTAG TN YN eMePPATikr) YUON TNG EKTOMNG HE
HIFU (Kopelman et al. 2006). NMapoAo Tou o aoBe-
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mor remission of a large oral neurilemmoma of
the left maxilla of one canine patient, despite
some procedural adverse events including buc-
cal mucosa burns requiring surgical and hyper-
baric oxygen management (Ranjan et al. 2021).
While suggesting that HIFU ablation may cir-
cumvent the need for surgical resection of bony
tissue in the treatment of canine oral cancer, this
study also identified elevated proliferation of T
cells in tumor and blood samples, suggesting
that HIFU ablation may further its antitumor ef-
fect via engagement of the immune system. In
a clinical trial of HIFU ablation of spontaneous
tumors in veterinary patients, superficial tumors
of the neck, leg, face, back, and belly were treat-
ed with MR-guided HIFU in six dogs and four
cats (Antoniou et al. 2022). Coagulative necrosis
of the tumor was evident in 80% of cases, but
lower magnification histological images falsely
suggested total destruction of all cancer cells,
while higher magnification images revealed in-
tact cancer cells. This suggests that HIFU may
be most effective when used as an adjunct to
radiation therapy or chemotherapy in order to
ensure total elimination of tumor cells. In the
largest clinical trial of HIFU ablation of spontane-
ous tumors in veterinary patients to date, Carroll
et al. performed HIFU for partial tumor ablation
in twenty dogs diagnosed with subcutaneous
solid tumors, including fifteen soft tissue sarco-
mas, three mast cell tumors, one osteosarcoma,
and one thyroid carcinoma. HIFU treatment was
well-tolerated, with only one dog experiencing a
clinically significant adverse event. A degranula-
tion event occurred in a patient diagnosed with
a mast cell tumor, which was restricted to the
tumor site and subsequently addressed during
the planned surgical resection post-HIFU. Tum-
ors were resected three to six days after HIFU
treatment, with complete tissue ablation and im-
mune cell infiltration evident on pathology and
immunohistochemistry. Additionally, this study
identified an increase in the expression of T-cell
activation-related genes post-HIFU ablation,
suggesting that HIFU may induce immunostimu-
latory changes to modulate the tumor microen-
vironment (Carroll et al. 2022). Ablation of the
entire tumor was not a goal of this study, and
therefore additional work is needed to assess
survival and clinical benefit of HIFU ablation of
subcutaneous tumors, both as a sole treatment
modality and as an adjunct to standard thera-
pies for the treatment of subcutaneous tumors
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VG ATav LyLNG 8€ka PAVeG PeTd tn Bepamneia, n pe-
A€Tn autr) uttoypappideL Toug TiBavoug KLvsUvoug
™G €pappoyng tng katdAuong pe HIFU ot ev tw
BdBeL Oykoug. ExeL SelxBel OTL N kKatdAuon pe HIFU
TIPOKAAECDE E ETILTUYX A TIAI PN UPEDN TOU OYKOU O€
£va peydho otopatiko veupeipwpa (oBavvwpua)
NG apLoTEPNG Avw yvabou evdg acBevoug oKUAOU,
TIAPA TLG OPLOPEVEC QVETILOUUNTEG TIAPEVEPYELEG,
OUPTIEPIAOMBAVOUEVWY TWV EYKAUPATWY TOU OTO-
patikou BAEVVOYOVOU TIOU amaltoloav XELPoupyL-
Kn kau uttepPBapikr Bepameia pe ofuyovo. (Ranjan
et al. 2021). Evw umodnAwveL O0TL N KatdAuon pe
HIFU pmopel va mapakdpdel tnv avaykn ya xet-
POUPYLKN EKTOMI TOU 00TLKOU LOTOU ot Bepamneia
TOU KOPK{VOU TOU OTOPATOG TwV OKUAWVY, N HEAETN
auTr EVTOTILOE £TTLONG AUENPEVO TTOANATIAQCLAOHS
Twv T KUTTdpwv o€ Selypata Oykou Kal alpatog,
uttoSnAwvovtag OtL N KatdAuon pe HIFU prmopetl
va evioXUOEL TNV QVTLKAPKLVLKI TNG Spdon PEow
TNG EUTIAOKNG TOU OVOOCOTIOLNTIKOU CUCTIHATOG,. €
HLA KALVLKE SOKLUN KaTdAuong auBopunTtwy OyKwv
pe HIFU o€ ktnviatpikoUg acBevelg, emupavelakol
OyKOL TOU AQlpoy, Tou ToSloU, TOU TIPOCWTIOU,
NG TMAATNG KAl TNG KOWLAG QVTLHETWTIOTNKAV YE
MR-kaBo&nyoupevn HIFU o€ &L okUAOUG KaL TECOE-
pLG yatec. (Antoniou et al. 2022). H TINKTLKI VEKPW-
O TOU OYKOU NTaV EPYavig oto 80% TwV TEPLTTTW-
0wV, OAM\A OL LOTOAOYLKEG ELKOVEG XOUNASTEPNG
peyéBuvong umeSel§av ec@aApEva TNV TIANPN Ka-
TAOTPOWPN OAWV TWV KAPKLVLKWY KUTTAPWY, £VW
oL €LkOVeG uPNAOTEPNG peyEBuvong amokdaiupav
ABKTa KAPKLWVIKA KUTTapa. Autd UTToSNAWVEL OTL
n HIFU prmopel va elvat o amoteAecpatikn otav
XPNOloTIoLE(TAl WG CUPTIARPWHA TNG OKTLVOBE-
parelag n g xnuelobepameiag, TPOKELPEVOU va
eEaoahilotel N MAAPNG eEAAELPN TWV KAPKLVLKWY
KUTTAPWV. ITn PEYOAUTEPN PEXPL ONHEPA KALVLKN
Sokiun Bepamelag aubdpuntwy dykwv pe HIFU og
KTnviatplkoug acbevelg, ol Carroll et al. mpaypa-
tomolnoav HIFU ylLa pepLkr) katdAuon OYyKwv Ot
€lkool OKUAOUG Ttou elxav SLayvwotel pPe umodo-
pLoUG oupTIayelG OyKOUG, CUMTIEPIAAMPBAVOUEVWY
SEKATIEVTE OOUPKWHATWY POAAKWY HOpLwy, TPLWV
HOOTOKUTTWHATWY, €VOG OOTEOCAPKWHATOG KAl
€VOG KOPKLVWHPATOG Tou Bupeosldoug. H Beparmeia
pe HIFU ntav KaAd avektn, Je Povo Evav oKUAo va
EPPaviel KAWVIKA ONUAVTIKO avemBuunto Cup-
Bdv. Eva cupBav amokokkiwong onuewwdbnke o€
€vav acBevr] TIou SLayVWOTNKE PE PAOTOKUTTWHA,
To omolo Teplopiotnke otn B€on Tou OyKou Kal
OTN OUVEXELA AVTLPETWIILOTNKE KAtA Tn SldpKeLa
NG TIPOYPAPHATIOPEVNG XELPOUPYLKAG EKTOMNG
petd tn HIFU. Ot dykol agatpednkav TpeLg €wg 8L
NUEPEG peTa tn Bepamneia pe HIFU, pe AR pn kata-
OTPOWYN TOU OTOXEUHEVOU LoToU Kat Sténon avo-

in dogs and cats.

Nonthermal Energy-Based Ablation in
Veterinary Medicine

Energy-based tumor ablation can also be
achieved via nonthermal mechanisms. In non-
thermal tumor ablation modalities, energy is
still applied to tumors, but rather than inducing
temperature changes in the tissue to kill cells
via thermal mechanisms, these modalities ap-
ply energy to manipulate cellular properties or
mechanically disrupt target cells to kill cells via
nonthermal mechanisms. By not relying on tem-
perature changes within tissue to kill neoplastic
cells, which are dependent on tissue properties
that are highly heterogenous in neoplastic tis-
sue, nonthermal tumor ablation may achieve
more uniform ablation and be more widely ap-
plicable across various tissue types and near
critical structures. Nonthermal ablation modal-
ities of interest in veterinary medicine include
histotripsy, irreversible electroporation (IRE),
and high-frequency irreversible electroporation
(H-FIRE).

Histotripsy

Histotripsy is a recently developed noninvasive,
non-ionizing, mechanical, cavitation-based ther-
apy that employs pulsed high-intensity focused
ultrasound waves for the nonthermal destruc-
tion of targeted tissues (Bader et al. 2019, Xu et
al. 2021). Histotripsy involves the delivery of very
high amplitude, short-duration ultrasound puls-
es, which generate a dense, energetic bubble
cloud in the tissue, resulting in mechanical tissue
fractionation following repeated expansion and
collapse of bubbles of endogenous gases in tis-
sue upon interaction with the ultrasound beam
(Vlaisavljevich et al. 2016b). These cavitation mi-
crobubbles are thought to form in the extracel-
lular matrix, the rapid expansion and collapse of
which produces high strain and stress on adja-
cent cells (Vlaisavljevich et al. 2016b), effectively
liquifying the target tissue into a homogenate
of acellular debris to be reabsorbed by the body
over 1-2 months (Vlaisavljevich et al. 2016a).
Tissue-damage thresholds for histotripsy are
tissue-specific (Vlaisavljevich et al. 2014), indi-
cating potential for treatment optimization, tu-
mor-specific ablation, and sparing of healthy tis-
sue. Because cell death by histotripsy occurs by
binary mechanisms, with cellular damage only
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COKUTTAPWV gavr) otnv taboloyla kat tTnv avo-
colotoxnuela. EmUTAéoV, autn n PEANETN EVTOTILOE
avgnon tng ékgpaong yovidiwv Tou oxetifovtat Pe
TNV evepyottoinon Twv T-KUTTAPWVY PETA TNV EKTO-
pf pe HIFU, yeyovdg ou umtodnAwvel étL n HIFU
HTIOpEl va TIPOKAAECEL AVOCOSLEYEPTIKEG AANAYEG
yla tn SLapop@waon Tou PLKpoTePLBAAAOVTOG TOU
oykou. (Carroll et al. 2022). H agpaipeon oAdkAnpou
TOU OYKOU 8ev NTav 0TOX0G AUTHG TNG HEAETNG Kad,
WG €K TOUTOU, amattolvTalL TIPOCHETEG epyacieg yla
Vv a&lohdynon tng emBlwong Kat Tou KALWLKOU
0PENOUG TNG aPaipeong TWV UTIOSOPLWVY OYKWVY HE
HIFU, T600 w¢ povasikr Bepameutikn pEBosog 660
KAl WG CUPTIANPWHATLKN HEBOSOG OTLG ouvnBeLg
Bepameieg yla tn Bepameia Twv UTIOSOPLWY OYKWVY
o€ OKUAOUG Kat YATeG.

Mn-8gppLkn} kataAuon pe Baon tnv evép-
YELQ GTNV KTNVLATPLKN

H evepyelakr kKatdAuon Tou Oykou ptiopel emiong
va eTULTEVXOEL HEOW PN BEPPULKWY INYXAVIOHWV. ZTLG
MN-BEpULKEG HEBOSOUC EKTOUNG OYKWVY, N EVEPYELA
eEakoloubel va epappdletal oToug 0yKouc, aAAd
avti va ipokaiouvtal PeTaBoAEg Tng Beppokpaat-
ag otov Lotd yla tn Bavatwon Twv KUTTdpwy HEow
BEPULKWV PNXAVIOPWY, aUTEG oL peéBodol epap-
pHOJouV evEpYELa yla VA XELPAYWYNOOUV TLG KUT-
TAPLKEG LELOTNTEG 1) va Statapdfouv pnyavika ta
KUTTapPa-oToOXOoUG yla TN Bavdtwon Twv KUTTapwyv
HEOW pN BEPULKWV pnxaviopwv. Mn Baotlopevn
OTLG HETAPBOAEG TG BeppoKpaciag eVTOg Tou LoTou
yla T Bavatwon Twv VEOTIAACHATIKWY KUTTApWY,
oL oTtoieg e€aptwvtal amd TG LSLOTNTEG TOU LoToU
TIou €lval eEALPETIKA ETEPOYEVELG OTOV VEOTIAACHA-
TLIKO LOTO, N PN-B€pPLKN KATAAUGCT OYKWVY PTIOPEL va
ETILTUXEL TILO OPOLOPOP PN EKTOUN KaL va elvat Eupu-
TEPA EPAPPOOLUN OE SLAPOPOUG TUTIOUG LOTWV Kal
KOVTA o€ KPLOLPEG aVATOULKEG SOPEG. OL pn-Beppt-
KEG pEBodoL katdAuong Tou Ttapouctalouv evéla-
(PEPOV OTNV KTNVLATPLKN TIEEPIAAPBAVOUV TNV LoTo-
Bpubia, Tn pn avactpePiun nAektpodiatpnon (IRE)
Kat Tn pn avaotpePpn nAektpodidtpnon vPnAng
ouxvotntag (H-FIRE).

IotobpLyia

H wotobpupia elval pia mpdopata avamtuypevn
pn emepPatikn, pn oviouoa, pnyavikn Beparmeia
pe Bdon tn onnAaiwan, TIoU XpnOLUOTIOLEL TIOAL-
KA €0TLAOMEVA KUPATA UTIEPHXWV UPNANG €vtaong
yla T pn-6€pPLKN) KAaTaoTpoWr] TwV OTOXEUUEVWVY
Lotwv (Bader et al. 2019, Xu et al. 2021). H totobpt-
Yla mepAapBavel TNV apoxr TIOAPWY UTIEPHXWVY
TIOAU UPNAOU TAGTOUG, PLKPRG SLApKELAG, oL oTToloL
SnuLoupyolV €va TIUKVO, EVEPYELAKO VEPOG PUOA-

Tumor ablation in veterinary oncology

occurring when ultrasound pressure exceeds
the cavitation threshold, histotripsy ablation
results in very sharp boundaries between ab-
lated and unablated tissue, with transition zone
of partial ablation only spanning a few hundred
microns (Maxwell et al. 2013). This nonthermal
mechanism of histotripsy ablation overcomes
many limitations associated with thermal abla-
tion, such as the heat sink effect, lack of precise
margins, and predictability of therapy (Xu et
al. 2019). The feasibility of using histotripsy as
a blood vessel-sparing ablation technique has
also been shown in porcine liver in vivo (Vlais-
avljevich et al. 2014). Because histotripsy uses
extracorporeal transducers, tumor ablation can
be performed noninvasively. Additionally, the
liquification of the tumor eliminates need for
tumor excision, thus reducing risk of surgery-as-
sociated complications such as thrombosis (Xu
et al. 2021).

The applicability of histotripsy for ablation of
tumors in gas-rich organs, such as the lung and
gastrointestinal tract, is limited due to the ex-
ceptionally low cavitation thresholds in these tis-
sues which could result in significant off-target
effects (Xu et al. 2021). Additionally, the applica-
tion of histotripsy in areas significantly blocked
by bone is limited (Xu et al. 2021).

Due to the novelty of the histotripsy technol-
ogy for tumor ablation, its applications in vet-
erinary medicine are limited but accelerating.
Proof of principle studies demonstrate efficacy
of histotripsy in ablating excised canine osteo-
sarcoma tumors (Arnold et al. 2021). Addition-
ally, in the first clinical trial of histotripsy for
partial ablation of osteosarcoma in five dogs,
successful ablation was achieved within target
treatment volumes as evidenced by gross pa-
thology and histology, with no significant clini-
cal adverse events (Ruger et al. 2022b). A first in
patient pilot study of the same technology has
been completed for the treatment of canine soft
tissue sarcomas, demonstrating the feasibility,
safety, and treatment-induced tumor microen-
vironment changes (Ruger et al. 2022a). These
studies established safety and feasibility of his-
totripsy for non-invasive treatment of primary
bone tumors (Figure 3) and soft tissue sarcomas
(Figure 4) in dogs, but additional work is needed
to evaluate long-term efficacy and survival ben-
efit. Additional ongoing clinical trials continue to
investigate histotripsy for the ablation of canine
brain tumors and feline soft tissue sarcoma.
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ASWV oToV LOTO, PE AMOTEAECHA TN PNXAVLKI KAQ-
opatomoinon Twv LOTWV PETA amod emavoAappa-
vOpevn SLaOTOAN Kal KATApPEUon TwV YUOAALSWY
TwV evdoyevwv agpiwv tou Lotou (Vlaisavljevich et
al. 2016b). Autég oL pkpoYUoahiSeg ortnAaiwaong
ToteveTal OTL oxnuati{ovtal oto €§WKUTTAPLKO
UALKO, Kal N Tayela SLaoToAr Kal Katappeuaon Toug
Tapdyel uPnAr TAoN KAl KATamovnon ota mapa-
kelpeva kuttapa (Vlaisavljevich et al. 2016b), peu-
OTOTIOLWVTAG OUCLAOTLKA TOV LOTO-0TOXO Of €va
OMIOLOYEVEG ATIO UN-KUTTAPLKA UTIOAE(pPATA TIOU
Ba emavapponBoulv amd tov opyaviopo oe SLd-
otnua 1-2 pnvwv (Vlaisavljevich et al. 2016a).

Ta katwtata 6pLa BAGBNG Tou LotoU yLa TNy LoTo-
Bpwhia eival el&kd yla kdBe 1oto (Vlaisavljevich et
al. 2014), umodetkvlovtag Suvatdtnteg PeAtioto-
moinong tng Bepameiag, €LSKA yla TNV KatdAuon
TOU VEOTIAQOPATLKOU LOTOU, KAl TPOOTATEUOVTAG
TOUG UYLELG LoTOUG. ETIELSN 0 KUTTaplkog Bavatog
amo tnv otoBpuwpia ocupBaivel pe Suadlkoug pn-
XaviopoUg, PE TNV Kuttaplkn PAABRn va cupBal-
VEL JOVO OTav N TIleon UTEPrXwv uTieEpPaivel to
Katw@AL otinAdiwong, n katdAuon pe Lotobpupia
o8nyel og TOAU ocar] dpla peta&u LoToU TIoU EXEL
UTTOOTEL KaTdAuon Kat LoToU TIou eV €XEL UTIOOTEL
KataAuon pe tn petapatikny {Wvn PEPLKAG KATAAU-
ONG VA EKTELVETAL HOVO OE PEPLKEG EKATOVTASEG WL-
kpopetpa (Maxwell et al. 2013). Autog 0 pn-Beppt-
KOG UNXavLopog kataluong pe LotoBpudia Eemepva
TIoAAOUG TIEPLOPLOPIOUG TIoU oxeTilovTal pe tn Bep-
HLKI KOTAAUOT), OTIWG TO PALVOHEVO TNG ATIAYWYNG
Bepuotnrag, n EMeldn akplBwv oplwv Kat n Tpo-
BAeyrpdTnTa tng Bepameiag (Xu et al. 2019). H oko-
TILPOTNTA TNG XPROoNG TNG LotoBpudiag wg TEXVLKNAG
TIOU TIPOOTATEVEL TA Alpoopa ayyela £xeL emiong
amodelyBel oto Amap xoipou in vivo (Vlaisavljevich
et al. 2014). Emeldn n wotoBpupia xpnotpomolel
€EWOWPATLKOUG ECTLAKOUG UTIEPNXOYPAPOUG, N Ka-
TaotpoWr] Tou dykou pmopel va paypatorondel
pn emtepBatikd. ETumAgoy, n uypotoinon Tou ykou
eEalelpel TNV avaykn KTOPNAG Tou OyKou, HELWVO-
VTG €TOL ToV KIVEUVO ETILITAOKWVY Ttou oxeTidovtat
HE TN XELPOUPYLKN eMEPBaocn, émwg n BpdpBwon
(Xu et al. 2021).

H Suvatdtnta spappoyng tng Lotobpuplag yla
TNV EKTOMN OYKWV O€ Opyava TAoucla O€ a€paq,
OTIWG O TIVEUOVAG KAL O YOOTPEVTEPLKOG CWANVAG,
elval TepLOpLOpEVN AOYW TWV €EALPETIKA XaN-
Awv oplwv omtnAatwong o€ autolg Toug LoToug, Ta
ottola Ba prtopovcav va 08NyrooUV OE GNHAVTLKEG
ETILTTTWOELG €KTOG OTOXOU (Xu et al. 2021). ETLTAE-
ov, N gpappoyn tng Lotobpubiag o TEpLOXEG TTIOU
TiepLKAELovTaL amd 00Td elval TEPLOPLOPEVN (Xu et
al. 2021).

AOyw TNG Kawotoplag tng texvoloyiag Lotobpt-

Irreversible Electroporation (IRE) and High-Fre-
quency Irreversible Electroporation (H-FIRE)

During irreversible electroporation (IRE), cells
are exposed to monopolar pulsed electric fields
that elevate the transmembrane potential of tar-
get cells, destabilize the cell membrane, and in-
duce nonthermal cell death (Davalos et al. 2005).
Electric fields are generated and pulsed through
target tissues between two needle electrodes
inserted into tumors. The second generation of
IRE, high-frequency irreversible electroporation
(H-FIRE), delivers high-frequency, bipolar pulsed
electric fields to induce sharply demarcated re-
gions of nonthermal ablation. Compared to IRE,
H-FIRE allows for simpler procedures as it does
not require the need for neuromuscular block-
ade or cardiac synchronization, and reduces
the number of electrodes needed for treatment
(Arena et al. 2011).

The nonthermal mechanisms of IRE and
H-FIRE permit ablation near heat-sensitive struc-
tures, and for preservation of nerves and blood
vessels enabled by careful placement of needle
electrodes. IRE and H-FIRE tumor ablation is also
minimally invasive, and has been shown to elic-
it anti-tumor adaptive immune response (Rin-
gel-Scaia et al. 2019). Additionally, H-FIRE pref-
erentially ablates neoplastic cells while sparing
healthy cells at the tumor margin, allowing for
precise tumor ablation (Ivey et al. 2015). How-
ever, the insertion and removal of needle elec-
trodes into a tumor poses risk of neoplastic cell
seeding along the electrode tracks during IRE
and H-FIRE tumor ablation.

IRE (Figure 5) and H-FIRE (Figure 6) have been
employed in a number of small case studies for
tumor ablation in spontaneous canine neopla-
sia. IRE has been used for the ablation of soft
tissue sarcoma in one canine patient (Neal et
al. 2011), and for the ablation of canine glioma
both as a sole treatment modality (Rossmeisl| et
al. 2015) and with adjuvant radiotherapy (Gar-
cia et al. 2011). When IRE was employed for the
ablation of a periarticular histiocytic sarcoma
of the hindlimb, clinical signs of lameness im-
proved, but tumor relapse occurred. The dog
received a CCNU chemotherapy regimen and
was re-treated with IRE to address focal relapse
four months post-treatment presumably due to
CCNU resistance, and total tumor remission was
achieved (Neal et al. 2011). The dog survived for
an additional 5 years post treatment and was
euthanized due to unrelated causes. This study
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Plag yta Tnv Katdhuon OyKwv, Ol EQYAPHOYEG TNG
OTNV KTNVLATPLKN €lval TIEPLOPLOPEVEG AN ETTL-
tayUvovtat. MAOTLKEG PEAETEG KATASELKVUOUV TNV
amoteAeopatikdTnTa TG LotoBpudlag otnv eKToun
OYKWV 00TEOCAPKWHATOG o€ oKUAoUG. (Arnold et
al. 2021). EmumAgov, otnv Wt KAWVLKA SOKLUM TNG
LotoBpudiag yLa JePLKI) EKTOHI OOTEOCAPKWHATOG
O€ TIEVIE OKUAOUG, ETILTEUXONKE ETILTUXNG EKTO-
M €VTOG TOu OYKOU-OTOXOU TNG Beparmelag, OTwg
TpokUTITEL amd tnv taboAoyla kat Tnv Lotoloyia,
XWPIC ONUAVTIKEG KALVIKEG QVETILOUPNTEG EVEPYEL-
£6. (Ruger et al. 2022b). Npdowata, oAokAnpwoN-
KE PLa TIPWTN TILAOTLKI HEAETN YL TNV AVTIPETW-
TILON COPKWHATWY PHAAAKWY LOTWY O OKUAOUG, UE
™V pappoyn tng tdlag texvoloylag, otnv omola
amodeiytnkav oL aAAaygg Tou TipokaAolvtal oto
HLKpOTIEPLBAANOV TOU OyKOU, N ao@AAELd TNG Me-
B68ou kat n okompoéTNTa TNG XPriong tng (Ruger
et al. 2022a). Autég oL peléteg tekpnplwoav tnv
QOMAAELO Kal TN OKOTILPOTNTA TNng LotoBpudlag
yla ™ pn €mepPatikn Bepamneia Twy Mpwtomabwy
OYKWV TWV 00TWV (Elkova 3) Kat TwV CopKWHATWY
TWV JaAaKWV popiwv (Elkova 4) og 0KUAOUG, aAAG
amattouvtal TIPOCOETEG Epyacieg yla tnv a&LloAo-
ynon tng HaKpoTPOBECHNG ATIOTEAECPATLKOTNTAG
KaL TOU 0@EA0UG eTLRLWoNG. ETILITAE0V KALVIKEG S0-

Tumor ablation in veterinary oncology

Zxnpa 3. Eykatdotaon Bepareiag pe wotobpudia kal Bepareia ooteooap-
KWHOTOG oKUAOU A) MPpwTomabég 00TE0TEPKWHA OTNV AMW KEPKISA £VOG
aoBevolg okUAOU. To TpiXWHA TIOU KAAUTITE TO S€pPa TIAVW arod Tov OyKo
apaLpédnke yla tnv mpostolpacia tng Bepareiag pe Lotobpupia. B) Aoxelo
0UCevENG yLa tn Bepameia pe LotoBpupia yepdto pe anagpwpévo vepd Tou
tomoBeteltal mdvw amd tov dyko. C) EoTLakGG uttepnxoypaog totobpui-
ag 500kHz, 32 otolyeiwv pe SLayVWOTIKO UTIEPNXOYPAWO (KOKKWVO BENOG)
op0oa&oviKd UBUYPAPULOPEVOG YLa ATELKOVLON OE TIPAYHATIKO XpOvo Katd
™ SLdpkeLa g xoprynong tng Beparteiag. D) O e0TLaKGG UTIEPNXOYPAPOG
Kal To Soxelo oUZeVEnG TomtoBeTnpéva padl kat €ToLda yla tnv apoyxr Oe-
paretag. E) TOvwvepo @uoaliSwy omnhaiwong mou Snuloupyeital katd t
SLapkeLa tng Bepartelag Lotobpudiag (umtoSetkvieTat amod To KOKKLVO BEAOG).
F) MaKpoOKOTILKN] €LKOVA TIPWTOYEVOUG GYKOU 00TOU Tiou UToBArBnKe og
Beparmeia, Pe To KOKKWO BENOG va UTTOSELKVUEL TN B€0n OTOXEUONG KAl TO
UTIAE BENOG VA UTTOSELKVUEL TOV I OTOXEUHEVO OYKO.

Figure 3. Histotripsy treatment setup and treatment of canine osteosarco-
ma A) Primary appendicular osteosarcoma on the distal radius of a canine
patient. Hair covering the skin over the tumor was removed in preparation
for histotripsy treatment. B) Histotripsy treatment coupling bowl filled will
degassed water placed over the tumor. C) 500kHz 32-element histotripsy
transducer with ultrasound probe (red arrow) co-axially aligned for re-
al-time imaging during treatment delivery. D) Transducer and treatment
bowl positioned together and ready to deliver treatment. E) Cavitation bub-
ble cloud generated during histotripsy treatment (indicated by red arrow).
F) Gross pathology of treated primary bone tumor, with red arrow indicating
treatment site, and blue arrow indicating untreated tumor.

established the potential application of IRE for
the treatment of primary neoplasms, as well as
for the treatment of tumors refractory to other
therapeutics. Garcia et al. later employed IRE
with adjuvant fractionated radiotherapy for mul-
timodal treatment of spontaneous canine glio-
ma in one patient, resulting in a 75% reduction
in tumor size 48 hours post-IRE and significant
improvement in clinical signs in the weeks fol-
lowing IRE throughout the course of radiothera-
py (Garcia et al. 2011). Complete remission was
documented four months post-IRE, despite evi-
dence of early-delayed radionecrosis eventually
necessitating euthanasia 149 days post-IRE, with
no evidence of tumor recurrence at necropsy.
Taken together, it is possible that IRE treatment
radiosensitized glioma in this patient, which
warrants further investigation. In a later study
of seven dogs with spontaneous glioma treat-
ed with IRE alone, severe post-treatment tox-
icity, including fatal aspiration pneumonia and
treatment-associated cerebral edema, occurred
in two dogs. However, clinical signs improved
uniformly, with survival times up to 940 days
post-IRE with a median survival time of 119 days

= Hellenic Journal of Companion Animal Medicine = Volume 11/ Issue 2 /2022

147



148

KatdAuon OyKwv TNV KTNVIATpLKA oyKoAoyia

KLHEG Ttou Bplokovtat o€ e€€AEn ouveyidouv va St-
€PEUVOLV TNV LoTtoBpudla yLa tnv Katdhuon OyKwv
TOU €YKEPAAOU O€ OKUAOUC KAl OAPKWHATOG PHaAa-
Kwv poplwv o€ ydteg.

Mn avaotpéPrun nAektpodiatpnon (IRE) kat un
avaotpéPiun nAektpodidtpnon vyPniig cuxvotn-
tag (H-FIRE)

Kata tn Stapkela tng pn avaotpePiung nAektpo-
Slatpnong (IRE), ta kUttapa ektibevtal o€ povo-
TIOALKA TTOAMLKA NAEKTPLKA TiedSia Tou au&dvouv
TO SLAPEPPBPAVIKO SUVAPLKO TWV KUTTAPWV-0TO-
XWV, amootabepotoloUV TNV KUTTAPLK HEPPRPA-
VN Kat TIpoKaAouv pn-Beputkd kuttaplkd Bdvaro.
(Davalos et al. 2005). Ta nAektpLka edia SnuLoup-
youvTal Kat TTaAPoS0TouVTaL HECW TWV LOTWV-0TO-
XWV peTa&U U0 NAekTpodSiwv BeAdvag TTou eLoayo-
VTAL 0TOUG OYKoUG. H Sgutepn yevid tng IRE, n pn
avaotpePLun nAektpodiatpnon ubnAng cuxvotn-
tag (H-FIRE), mapéxel upnAng ouyvotnrag, Suro-
AKA TTAAPLKA NAEKTPLKA TIESLA yLa TV TIpOKANGN
OPLOBETNUEVWV TIEPLOXWV HN-BEPULKNG KATAAUGONG.
Y& oUykplon pe tnv IRE, n H-FIRE emttpémnel amAou-
OTEPEG KAWLIKEG Sladlkaoieg, kabwg Sev amattel
TNV avAykn VEUPOHUIKOU QTTOKAELOHPOU 1) Kapdia-
KOU OUYXPOVLOMOU, KAl HELWVEL TOV aplBpd Twv
NAekTpoSilwv TOU amattouvtal yla tn Beparmeia.
(Arena et al. 2011).

Ot pn-Beppikol pnxaviopol tng IRE kat tou
H-FIRE emLTpEmouV TNV KatdAuon Kovtd o€ Beppo-
evaioBnteg Sopég kaL yla tn Slatripnon tng Ast-
TOUPYLAG TWV VEUPWV KAL TWV ALPOPOpWY ayyelwv
TIOU ETILTPETIEL I TIPOCEKTLKI) TOTIOBETNON TWV NAE-
KTpoSiwv Tng BeAdvag. H katdAuon Twv OyKwv pe
IRE kat H-FIRE €lval emiong eAaylota emepBatikn
KaL €xeL SelxBel OTL TIPOKANEL TIPOCAPPOOTLKI Avo-
OOAOYLK amdkplan Katd tou oykou (Ringel-Scaia
et al. 2019). EmumAéoy, n H-FIRE kataAlel katd
TPOTIPNON Ta VEOTIAQOPATIKA KUTTAPAQ, OE OXEon
HE Ta vyl KUTTapa oto TEPLBWPLO TOU OYKOU, ETIL-
TpETovTag TNV akpLPn agaipeon tou oykou. (Ivey
et al. 2015). Qotoo0, N €loaywyn Kat n agaipeon
NAEkTpoSlwv PeAdvag o €vav OYKO EVEXEL TOV
KLVSUVO OTIOPAG VEOTIAQOUATIKWY KUTTAPWY KATa
HAKOG TWV SLaSPOoPWV TwV NAEKTPOSIWV Katd T
SLapkeLa tng katdAuong pe IRE kat H-FIRE.

H IRE (Ewkova 5) kat n H-FIRE (Ewkéva 6) éxouv
XPNOLPOTIONOEl OE CUYKEKPLUEVEG ULKPEG HEAETEG
TIEPLOTATIKWY YLA TNV QVTLPETWTILON OYKWVY OE OKU-
Aouc. H IRE €xeL xpnotpotmonBetl yla tTnv katdAuon
COPKWHATOG HOAAKWY poplwv og évav okUAo (Neal
et al. 2011), Kat yLa Tnv KAtaAuon yAoLWPATOG OKU-
AoU WG povadikn péBodog Beparmeiag (Rossmeisl
et al. 2015) kal pe €MKOUPLKN aktwobepareia
(Garcia et al. 2011). ‘Otav n IRE xpnotyotolrnke

ZxNHa 4. Mnxavikd, ubnAig £vtaong e0TLacHEVN e UTEPAXOUG KatdAuon
COPKWHATOG HaAaKWY popiwv okVAou pe Lotobpupia. A) Zdpkwua poAa-
KWV popiwv oTnV TEAMATLala TTuxr Tou aplotepol petatapoiov, umodn-
Awvovtag to onpelo Bepaneiag (KuKAwpPEVO). B) Zwvtavr elkova Katd tn St-
dpkela g Bepameiag pe Lotobpupia Tou amelkovileL T VEPOG YUOTAISWY
ornAatwong evtog tou oykou (BéNog). C) Ewkoveg afoviknig topoypapiag
EVLOXUPEVNG PE OKLAYPaPLKO TipLv amd tn Bepareia kat D) 1 nuépa petd
Bepameia pe LotoBpupia Tou SNAWVEL TNV ENELPN EVioXUONG OKLAYPAPLKOU
otn {wvn ektopr|G (BENG). E) MAKpOOKOTILKY ELKOVA TTIOU SNAWVEL ALoppa-
yia (BéNog) kat F) totortaBoloytkr) €lkdva Tou SNAWVEL TIARPN ATIWAELD TNG
BLWOLHOTNTAG TWV KUTTAPWY EVTOG HLAG EUKPLVWG 0pLoBeTnUEéVNG wvng
ektopng (aotépt).

Figure 4. Mechanical, high-intensity focused ultrasound ablation of a ca-
nine soft tissue sarcoma with histotripsy. A) Soft tissue sarcoma on the plan-
tar aspect of the left metatarsal, denoting the treatment site (circled). B) Live
image of histotripsy treatment illustrating the cavitation bubble cloud within
the tumor (arrow). C) Contrast-enhanced CT images before treatment and
D) 1 day post-treatment with histotripsy denoting the lack of contrast en-
hancement in the ablation zone (arrow). E) Gross image denoting hemor-
rhage (arrow), and F) histopathology image denoting complete loss of cell
viability within a sharply-demarcated ablation zone (star).

(Rossmeisl et al. 2015).

Procedural limitations and treatment-related
complications of IRE tumor ablation in veterinary
medicine prompted the development of H-FIRE,
which has been investigated for the ablation of
spontaneous canine meningioma and hepato-
cellular carcinoma. In a study of H-FIRE ablation
of spontaneous meningioma in three dogs, La-
touche et al. performed H-FIRE without intra- or
postoperative complication in two of three dogs,
with resection-associated hemorrhage and hy-
potension occurring in one dog (Latouche et al.
2018). Uniform necrotic ablations were achieved
in two of three dogs, but nonuniform treatment
occurred in one dog, likely due to intratumoral
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ZXNMO 5. ITEPEOTOKTLKA, QMELKOVIOTIKG KaBodnyoUpevn katdAuon
yAowwpatog udhniol Babpol kakonBelag o oKUAO e Pn avactpeéPiun
nAektpodiatpnon (IRE). MapaoBehiaia , peTa-oKLaypa@LKoy HayvnTikni
topoypagia TIW (A) kat SLeyXeLpnTLKr| HETA-OKLAYPAPLKOU aEOVLKN TO-
poypagtia (B) mou aretkoviouv Tov eVIoXUGHEVO OyKO OTOV PETWTILALO
0RO pe Tov 181K KaBetrpa kat Tov 08nyo autol (PGP) Ttou £xeL epgpu-
TeuBel oTo UTEPKEipEVO peTwiLaio 0oTd (BENOG, A). TUyXWVEUOT ELKO-
VWV HaYVNTLKAG TOPOYpaplag KaL SLeyXELpNTLKAG aEOVLKNG Topdoypagpiag
(C) Tou katadetkveL TNV in situ TomoBétnon 5Vo nAektpodiwv (pavpa
BEAn) oL XpnoLpoTIoLOUVTAL YLA TNV KATAAUGT) PEOW TOu PGP atov OyKo.

Tumor ablation in veterinary oncology

Figure 5. Stereotactic, image-guided ablation of a canine high-grade
glioma with irreversible electroporation (IRE). Parasagittal, post-contrast
TIW MRI (A) and intraoperative post-contrast CT (B) illustrating the
enhancing tumor in the frontal lobe with probe guide pedestal (PGP)
implanted in the overlying frontal bone (arrow, A). Fusion of MRI and
intraoperative CT images (C) demonstrating in situ placement of two
electrodes (black arrows) used for ablation through the PGP into the
tumor.

yld TNV €KTOUN €VOG TEPLAPOPLKOU LOTLOKUTTAPL-
KOU 0OpKWHATOG TOU OTiloBLou AKpou, Ta KALVLKA
oupTITWPaTa XWASTNTAG PeAtwdnkav, aAAd on-
HEWWONKE UTTOTPOTIA TOU Oykou. O okUAOG €Aafe
XnpeloBeparmeutikly aywyr] e CCNU kat uttoBAn-
Bnke ek véou o Bepameia pe IRE yla TNV avtlpe-
TWTILON €0TLAKNAG UTIOTPOTING TECOEPLG WNVEG PETA
TN Beparmela, mBavwg Adyw avtoxng otnv CCNU,
Kal emLtelxdnke oALkn Upeon tou dykou. (Neal et
al. 2011). O okUAog eméCNOE yLa eMUTAEOV 5 XpovLa
MeTA tn Bepameia kal umtoBARBNnKe os eubavacia
AOYW ACXETWV ALTLWV. AUTN N HEAETN KABLEPWOE TN
duvntikn epappoyn tng IRE yla tn Bepamela mpw-
Tomabwv veoTAaoLwyY, Kabwg Kat yLa tn Bepamneia
OYKWV QVOEKTIKWY OE AANEG BEPATIEUTIKEG AYWYEG.
Ol Garcia et al. xpnotpotoinoav apyotepa tnv IRE
HE ETILKOUPLKI KAaopatoToltnpévn aktivobeparneia
yla TNV TIOAUTPOTILKY Beparela yAOLwpATOg OKU-
A\ou o€ évav acBevny, Ye amotéAeopa tn pelwon tou
pEyEBOUC Tou OYKOU Katd 75% 48 wpeg Petd tnv IRE
Kal TN ONHavTikn BEATIWoN TwV KALVLIKWY CUPTITW-
patwv TG ERSopadeg petda tnv IRE kab’ 6An tn St-
dpkela TnG aktwvobeparneiag (Garcia et al. 2011). H
TIANPNG VYPEDN TEKPNPLWONKE TECOEPLG PNVEG PETA
tnv IRE, Ttapd ta otolyela TNG TMpWLKNG-kabuote-
PNUEVNG AKTLVOVEKPWONG, TIOU TEALKA KATEOTNOE
avaykatla tnv eubBavaocia 149 nuepeg petd tnv IRE,
Xwplc evSel&eLg UTTOTPOTIG TOU OYKOU KATA TN Ve-

mineralization. One dog remained tumor-free
six months post-treatment, and tumor recur-
rence was suspected in another dog five months
post-H-FIRE (Latouche et al. 2018). This study
established safety and clinical feasibility of the
intracranial H-FIRE procedure, but due to the
treat-and-resect nature of this study, additional
work is needed in order to evaluate long-term
efficacy of H-FIRE in inducing tumor remission
for dogs diagnosed with meningioma. In a later
study of H-FIRE for the ablation of hepatocellular
carcinoma in three dogs, Partridge et al. demon-
strated well-defined percutaneous ablation in
two out of three patients, with mild muscle con-
traction and no cardiac arrhythmia, and without
clinically significant treatment-related adverse
events (Partridge et al. 2020). Infiltration of CD3+
lymphocytes was observed in reactive zones sur-
rounding treated tumor volumes, suggesting
the induction of a pro-inflammatory immune
response after H-FIRE ablation of hepatocellu-
lar carcinoma. Two of three dogs were still alive
more than twelve months after treat-and-resect
H-FIRE treatment, with no evidence of tumor re-
currence or metastasis (Partridge et al. 2020).
Additional work is needed in order to evaluate
the survival benefit and long-term antitumor
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kpoyia. ZUVOALKG, elval TiBavo otL n Bepameia IRE
aktwoevalobntormoinoe to yAolwpa o€ autov Tov
aoBevr), yeyovog Tou Stkatoloyel Tepaltépw Ste-
pelivnon. Z€ PLa PETAYEVESTEPN PENETN ETTTA OKU-
Awv pe yAolwpa Tou uTtoBANBnkav oe Bepareia
povo pe IRE, epgpaviotnke coBapn to&lkotnta petd
tn Bepamela, cupmepapBavopévng Bavatngo-
pag TVeUPoVIaG amd EL0POPNON KAl EYKEPAALKOU
oldnpatog mou oxeti{otav pe tn Beparmela, o€ SUo

Zevyog alsbntripwv 1 Zevyog alebnTripwyv 2

Zevyog alsbntripwv 3

effects of H-FIRE in the ablation of spontaneous
canine hepatocellular carcinoma without tumor
resection, but this study established safety and
feasibility of the procedure with promising clin-
ical results. Investigations of the use of H-FIRE
for the treatment of primary lung tumors in
dogs are ongoing.

Zelyog alsbntripwy 4

Probe pair 1 Probe pair 2

Probe pair 3

Probe pair 4

ZXAHa 6. Xprjon pn avaotpédipng NAEKTpoSLATPNong UPNARG cuxvo-
tntag (H-FIRE) yLa tnv KatéAuon Oykwv JaAaKWY popiwv o€ oKUAOUG. A)
TuvSuaopol TTOAPLKWY aKOAOUBLWY avdpeoa o€ U0 SUTOALKA NAEKTPO-
Sta H-FIRE prtopoUv va emtUXouv pLa XwpLka HeyaAuTepn, cuykAlvouoa
{wvn katdAuong Lotou. B) MapdAnAa, StroAtkd neektpddia H-FIRE tou
ouyKpatouvtal Pe TpokabopLopévn andotacn YETa&l Toug Péocw TPLo-
Slaotata ektumwpévou 0dnyol (aplotepd) elodyovtal os Tpwtomadn)
OYKO TOU ATIATOC, XPNOLUOTIOLWVTAG XELPOUPYLKN SLadLkaoia aVOLKTAG
mpocgyylong (péon). Eloaywyr] evog povo SumoAtkoU nAektpodiou yia
OTOXEUPEVN KATAAuon TIOMAMAWY 6wy oTnV EMLPAVELX TOU HATIATOG
(8€kLa).

Figure 6. Use of high-frequency irreversible electroporation (H-FIRE)
for ablation of canine soft tissue tumors. A) Combinations of pulsing
sequences across two bipolar H-FIRE electrodes can achieve a spatially
larger, convergent tissue ablation zone. B) Parallel, bipolar H-FIRE probes
held with predetermined distance between them via 3D-printed guide
(left) are inserted into a primary liver tumor, using an open approach
surgical procedure (middle). Insertion of a single bipolar electrode for
targeted ablation of multiple nodules at the surface of the liver (right).
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OKUAOUG. Q0TO00, TA KALVLKA CUMTITWHATA BEATLW-
Bnkav opolopopEa, pe xpovoug emBlwong £wg Kat
940 nuépeg petd tnv IRE pe Stapeco xpovo entPiw-
ong 119 nuépeq. (Rossmeisl et al. 2015).

Ou SLadikaotikol TEpLOPLOPOL KAl OL ETILITAOKEG
Tou oxetilovtal pe tn Bepamela TG KAtdAuong
OYyKwv pe IRE oTnv KTnVvlatplkr odrlynoav otnv
avamtuén tng H-FIRE, n omola £xeL Stepsuvnbel yLa
TNV KatdAuon Tou PNVLYYLWHATOG KAl TOU NTato-
KUTTOPLKOU KAPKLVWHATOG OKUAWV. Z€ PLa HEAETN
NG kat@Auong pe H-FIRE auBdppuntou pnviyylwpa-
TOG O€ TPELG OKUAOUG, oL Latouche kat ouv. tpaypa-
tomolnoav H-FIRE ywplg SLeyXeLpNTLKN 1 HETEYXEL-
PNTLKNA ETILTAOKNA 0g SU0 aTIO TOUG TPELG OKUAOUG,
KaL e alpoppayia kat uttdtacn Tou oxetidovtav Ye
TNV XELPOUPYLKN KTOMN o€ évav okUAo. (Latouche
et al. 2018). OPOLOPOPYEG VEKPWTLKEG KATAAUGCELG
emLteV)ONKav o€ U0 AT TOUC TPELG OKUAOUG, AAAG
Hn opolopopyn Bepameia ep@aviotnke oe evav
okUAo, TiiBavwg Adyw avopyavoTtoinong Tou eow-
TEPLKOU TOU OyKou. Evag oKUAOG TTapEPELVE ENEVOE-
pOG OYKOU £EL PNVEG PETA TN Bepamela, EVw UTIAPXE
uttopia uTtoTPOTIAG TOU OGyKOU O €vav AAAO OKUAO
TIEVTE PAVEG JeTd TV H-FIRE. (Latouche et al. 2018).
AUTI N PEAETN KABLEPWOE TNV ACPAAELA KAl TNV
KALVLKI) OKOTILMOTNTA TNG EVEOKPaVIaKAG Sladika-
olag H-FIRE, aA\a Aoyw tng Bepameutiknig puong
aUTAG TNG MEAETNG, amattouvtal TPOCOETEG epya-
oleg TpokeLpévou va aglohoynBel n pakpotpobe-
opn amoteAeopatikotnta tou H-FIRE otnv Tpo-
KANon UPEONG TOU OYKOU O OKUAOUG TIOU €XOUV
Stayvwotel pe pnvlyylwpa. e pgua getayeveotepn
peAETn tou H-FIRE yla tnv KatdAuon nratokutta-
PLKOU KOPKLVWHATOG OE TPELG OKUAOUG, oL Partridge
KAl ouv. Katedel§av KaAd KabopLopévn SLadeppikn
KatdAuon oe 0o amd Toug TPELG AoBEVELG, PE NTILA
HUIKI GUOTOAN Kal Xwplg KapdLakr appubuia, kat
XWPLC KALVLKA ONUAVTIKEG QVETILOUNTEG EVEPYELEG
Tou oyxetidovtal pe tn Bepareia. (Partridge et al.
2020). MNapatnpnBnke 8w Bnon CD3+ Aep@okuttd-
PWV OTLG aVTLSPAOTIKEG {WVEG TIOU TIEPLBAAOUY
TOUG OTOXEUPEVOUG OYKoUg Ttou uttoBARBnkav oe
Beparmela, yeyovdg TTOU UTTOSNAWVEL TNV €aywyn
HLOG TIPOPAEYHOVWSEOUCG AVOTOAOYLKIG ATIOKPLONG
HETA tnv katdAuon H-FIRE tou nratokuttapikol
KAPKLWVWHATOG. AUo amd toug Tpelg okUAoUG e&a-
KoAouBoUoav va {ouv TeEpLoCOTEPO ATIO SWEEKA
MAVeG petd tn Bepameia pe H-FIRE, xwplg evdel&elg
uTtoTpOTIAG 1 petdotaong tou oOykou. (Partridge
et al. 2020). Atattovvtal TPOCOEeTeG PEAETEG TIpO-
KELPEVOU va eKTLPNOEL To 0@eNog emLBlwong kat
TA PAKPOTIPOBECUA AVTIKAPKLVIKA QTIOTEAECUATA
g H-FIRE otnv avTlgeTWILon Tou aubopuntou
NTIOTOKUTTAPLKOU KAPKWVWHATOG OKUAWV XWPLg
XELPOUPYLKN EKTOUN TOU OyKou, aAAd n mapoloa

Tumor ablation in veterinary oncology

Conclusions

Energy-based tumor ablation warrants further
investigation in veterinary medicine, as it demon-
strates particular promise in offering both cura-
tive and palliative treatment to companion an-
imals with cancer. Energy-based ablation has
the potential to offer outpatient, minimally- or
non-invasive, precise, and customizable antineo-
plastic therapy, while limiting morbidity associ-
ated with standard treatment modalities. The
widespread use of energy-based tumor ablation
therapeutics in veterinary medicine is in its early
stages, largely due to technical expertise needed
and cost of new instrumentation systems. With
further investigation, both thermal and nonther-
mal energy-based tumor ablation modalities can
be optimized and applied as sole therapeutics or
as adjuvants to standard treatment modalities
for the treatment of diverse tumor types in vet-
erinary oncology.
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HEAETN KOBLEPWOE TNV ACPAAELA KAL T OKOTILUOTN-
Ta TNG SLadLlkaolag Pe TIOAA UTIOCXOHEVA KALVLKA
amnoteAéopata. Ol €peuveg yla tn Xprjion tou H-FIRE
yla tn Bepamnela Mpwtonabwy OyKwv Tou TveUpo-
va o€ oKUAoUG Bplokovtal o€ eEEALEN.

ZupTEpAacpata

H evepyelakr katdhuon Oykwv xprleL TEpaLTEPW
Slepelivnong otnV KTNVLATPLKN, Kabwg uttdoxetal
Slaltepa va TpooEPEL TOOO BepATEUTIKY 00O
KAl TtapnyopnTikn Bepareia o {wa CUVTPOPLAG
Me Kapkivo. H katdAuon pe Bacn tnv evépyela
€XEL TN SUVATOTNTA VA TIPOCPEPEL EEWVOOOKOHEL-
akr), EAAXLoTa 1 PN EMEPPRATLKN, Kal TIPooappoct-
pn avtwveomhaopatikn Beparela, Teplopilovtag
TapdMnAa tn voonpdtnta mou oxetidetal Pe TG
ouvnBeLg peBoSoug Beparmeiag akpLBelag. H eupeila
Xxprjon Beparmeutikwy PeBOSWVY katdAuong OyKwv
HE BAon TNV evépyeLla otnV KTnvLatpikn Bploketat
O€ TIPWLHO OTASLO, KUPLWG AOyw TNG amattoUpe-
VNG TEXVLKNG EUTIELPOYVWHOOUVNG KAl TOU KOOTOUG
TWV VEWV oUCTNPATWY. Me TiEpaLtépw Slepelivnon,
TOOO0 oL BEPPLKEG 00O Kal oL pn BepuLkeég pHEBoSoL
KATAAUCNG OYKWV UE BACN TNV €VEPYELA PUTIOPOUV
va BeAtiotomonBolv Kal va €QAPPOCTOUV WG
MOVASLKEG BEPATIEUTIKEG AyWYEG 1 WG Bondntika
HEOQ OTLG oUVNBELG BepaTEVTIKEG PEBOSOUG yLa T
Bepamela Stapdpwv TUTIWV GYKWV OTNV KTNVLATPL-
Kr) oykoAoyia.
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