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Application of electrochemotherapy

in the management of primary and metastatic
cutaneous malignant tumours: a systematic
review and meta-analysis

Electrochemotherapy is becoming a promising technique for the man-
agement of malignancies of skin and non-skin origin. The current
review aims to clarify current knowledge on administration of elec-
trochemotherapy for the treatment of various skin tumours. A systematic
literature search was performed, up to the end of 2016, on studies in
which the application of electrochemotherapy for management of pri-
mary and metastatic cutaneous malignant tumours was assessed. Having
selected appropriate studies, pooled estimates of mean objective (com-
plete) responses, with 95% confidence intervals (Cls), were calculated
to assess treatment efficacy. Finally, the main emerging themes from
the papers were discussed in more detail. From 465 records identified
through database searching, a total of 128 studies were screened, of
which 70 were included for review. After a pooled analysis, the esti-
mate for mean objective response following electrochemotherapy was
84.02% (95% CI: 80.08-87.61). Furthermore, the pooled estimate of
objective treatment response of evaluated studies was 83.91% (95% CI:
79.15-88.17%) for bleomycin and 80.82% (95% CI: 66.00-92.36%) for
cisplatin. Electrochemotherapy is a feasible, inexpensive, fast and easy
technique to perform local treatment, regardless of tumour type, with
a low level of adverse effects and patient discomfort. This method can
be applied alone for patients with primary cutaneous lesions, or local
or locoregional metastases, or as an additional treatment modality in
patients with distant metastases.
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tric pulses (electroporation), results in increased uptake of

elanoma and non-melanoma skin cancer are now
M the most common types of cancer in Caucasian

populations [1]. Surgery or radiotherapy is the
elective treatment for most of the primary skin cancers,
which provide high rates of local control and survival [2, 3].
However, despite significant advances in treatment guide-
lines, recurrence or metastases in the skin are often difficult
to manage. As a result, the patients receive multimodal
treatment including surgery, radiotherapy, and systemic
chemotherapy. The poor response to these treatments could
be due to the relative impermeability of the cell membrane
to the therapeutic agents [2, 4, 5].
In the 1980s, it was discovered that the delivery of intense
electric pulses can transiently and reversibly result in per-
meabilization of the cell membrane to a large variety of
molecules, which are otherwise unable to enter into the cell
[2, 6-10]. Therefore, application of a combination of short
intense electric pulses and chemotherapy, termed “elec-
trochemotherapy”, has been proposed as a new treatment
modality for cutaneous involvement of different malignan-
cies [11-16], in which a local increase in plasma membrane
permeability, i.e. exposure of the tumour nodule to elec-
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chemotherapeutics into the tumour cells [17-19]. Hence,
by using this method, the intracellular concentration, and
thereby the toxicity, of bleomycin and cisplatin (as the
effective drugs for the treatment of different cutaneous
tumours [20-22]) can be increased up to 10,000 times and 80
times, respectively [14, 23], which significantly potentiates
their antitumour effectiveness, with lower doses required
[15, 18, 24-26].

In order to shed more light on the clinical applications
of electrochemotherapy in dermatology, the current review
aimed to clarify current knowledge on the administration of
this method in the management of primary and metastatic
skin malignancies.

Material and methods

This review was conducted based on the PRISMA group
statement [27]. A systematic literature search was per-
formed in the PubMed Library and Cochrane electronic
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databases, up to the end of 2016, taking all electropora-
tion synonyms and skin tumours into account, using the
following search terms or respective combinations: elec-
troporation, electrochemotherapy, electropermeabilization,
skin cancer, skin metastasis, melanoma, Kaposi’s sarcoma,
Merkel-cell carcinoma, and basal cell carcinoma.

In some cases, the same article could be found in both
databases, however, the evaluation for each database was
performed separately and reported in the table of results of
the search.

Additionally, no geographical restrictions were imposed in
this study. Both qualitative and quantitative studies were
chosen. From these manuscripts, those that fulfilled the fol-
lowing inclusion and exclusion criteria were considered in
the current review:

— Studies focused on the clinical application of electropo-
ration in the management of primary and metastatic skin
tumours.

— Studies restricted to English language and limited to
humans. As aresult, in vitro treatments and veterinary stud-
ies were excluded from full-text assessment.

— Scientific letters, review articles, and meta-analysis were
not considered for this study.

After evaluation of the selected studies, these were then
summarised in a table and subclassified under publi-
cation year, authors, patient number, tumour number,
type/dose/route of chemotherapy, settings of electropora-
tion, outcome, and side effects. The studies were then
ordered chronologically to reveal any changes and particu-
larly advances made over time (fable I). Finally, the main
emerging themes from the papers were discussed in more
detail.

Statistical analysis

Pooled analysis was conducted using MetaXL Version 5.3
(EpiGear International Pty Ltd, Australia). The presence
of heterogeneity among these studies was evaluated with
Cochran’s Q test, and inconsistency was assessed with I
test that describes the percentage of the variability in effect
estimates that is due to heterogeneity, where p < 0.05 indi-
cates significant heterogeneity. Pooled estimates of mean
objective (complete) responses, with 95% confidence inter-
vals (CIs), were calculated to assess the overall efficacy. In
order to calculate the pooled estimate of mean objective
(complete) response for each tumour or specific adminis-
tration route, only the relevant papers were considered for
the analysis. The random-effects model was defined as the
preferred method due to diversity and heterogeneity of the
studies, patients, and treated tumours [28].

Results

A total of 465 articles were identified. All abstracts were
examined and screened, excluding 308 articles regarding in
vitro or veterinary treatments, or non-English papers. Full-
text assessment of the remaining 128 articles resulted in 70
eligible articles (figure 1).

Considering objective responses, significant heterogene-
ity was detected among all studies (I2 = 68%;

p-heterogeneity<0.001). After a pooled analysis, the
estimate for mean objective response was 84.02%
(95% CI: 80.08-87.61%), which suggests efficacy of
electrochemotherapy in the management of primary and
metastatic cutaneous malignant tumours (figure 2).

Choice of chemotherapeutic
agent for electroporation

Bleomycin and cisplatin are the most commonly admin-
istered drugs for the treatment of skin tumours with
electrochemotherapy [29], which can be given systemically
or locally [30].

Bleomycin is a water-soluble antibiotic with toxicity to
mammalian cells due to the capability to induce DNA
breaks [7, 13, 31]. Electropermeabilization of cells allows
bleomycin to enter the cytosol and exert its cytotoxic
potential. Therefore, bleomycin is an ideal candidate for
combining with electric pulses because it is non-permeant,
but highly cytotoxic once inside the cell [7, 21, 31-35].
It can therefore be used at lower doses than those needed
for classic chemotherapies [7, 13, 31]. In previous stud-
ies, electrochemotherapy with bleomycin was found to be
effective for primary and metastatic malignant melanoma
[2, 5, 17, 20, 30, 36-49], primary and metastatic basal cell
carcinoma [2, 21, 38, 44, 50-52], primary and metastatic
squamous cell carcinoma [44, 47,49, 53], Kaposi’s sarcoma
[41, 43, 49, 54-59], Merkel cell carcinoma [41, 60, 61],
cutaneous primary and metastatic lesions of breast cancer
[49, 62-68], soft tissue sarcoma [49, 69], cutaneous B-cell
lymphoma [70], superficial angiosarcoma [71], metastatic
cutaneous nodules and transitional cell carcinoma (bladder
cancer) [72], locally advanced and metastatic angiosarcoma
[71], and as a palliative therapy for tumour complications
[12, 36, 73-75].

Cisplatin is a nuclear DNA-damaging agent with the capa-
bility to form DNA crosslinks. Cisplatin transport through
the plasma membrane is also limited [76]. Neverthe-
less, exposure of cutaneous tumours to electric pulses
after intravenous or intratumoural non-toxic cisplatin
doses potentiates its antitumor effectiveness several-fold
[24, 77, 78]. Electrochemotherapy with cisplatin was first
introduced by Sersa et al. in 1998 [78]. Subsequently, fur-
ther studies showed its treatment efficacy for malignant
melanomal[17,78,79], squamous cell carcinoma [ 78], basal
cell carcinoma [78], cutaneous lesions of breast cancer
[80], and as a palliative therapy [79]. Efficacy of elec-
trochemotherapy with cisplatin was proven to be dependent
on the cisplatin dose, the amplitude of the electric pulses,
and the sequence and interval of cisplatin administration
[24, 78].

Route of drug administration

According to the findings of the previous trials, either
bleomycin or cisplatin can be used as treatment due
to their good antitumour effectiveness. Clinical data
have proven antitumour effectiveness of bleomycin and
cisplatin when given intratumourally, however, intra-
venous injection is only recommended for bleomycin
[24,37,77,78,81]. The estimates for objective response fol-
lowing electrochemotherapy with intravenous bleomycin,
intra-lesional bleomycin, and intra-lesional cisplatin were

EJD, vol. 28, n° 3, May-June 2018



‘U9
SeM SISOIJU InOown)
PIpUAIX ‘Sa[NPOU
Jsa3Ie] oY) Uy
*S9[NPOU [[BWS JU} UL
Aqreroadss ‘paure)qo
UIREN QIoM S109JJ9
MQJ B UNIM Inownnue Ies[)
san[eA juduean-aid “UTUIOAWO[q JO 2SOP
0) pauInjal Qures Y} 0) pasodxd
[orym quaunearn nq uoneiodonoaspd BUWIOUIDIROOUSPE
dy Suunp poojq 0) paoafqns JSBaIq ‘I9oUBD
[EWIXBW UL 9SBAIOUT jou s9[npou 3uny ‘Arearfes
PUE UOIIRIS[AOI® Sunmoqystou ay) Jo JO 10 BWIOUIDIRD
Kouanbaiy j1eay Jey) Pim paredwod 1199 snowrenbs
juarsuen) padojoaap ‘paddoss iseo] Je sem zZH 1 ‘svl 001 (/3w G| Jodu pue
oym ‘quaned auo 10y So[npou pajearn Ay} ‘sosind 4 10 10 O1) PpeaY JO sa[npou [s8]
1dooxa ‘5310930 opIs Jo uorssai3oid ‘sased 8 ‘WI/A 00€T uroAwoa[q uoneourrad oFre| 9661) ‘1P 12
[eI0UD3 10 [200] ON Q) [[® Isowe uj 11 < 10 0001 urw 8z-8 SnouaARIU] VD10 S 10/pue oidnnA (€9) L d3uswoq
"Kep auo
urym pareaddesip
swoydwAs
9SY [, "BaIE PAJEAN)
AU} JB P2JIIAP SBM
BUIIPAO JYSI[S pue
BUIOYIAID ‘JUoUIIRaI)
JI9)Je SINoy|
[e10Aag "osind yoea
I0)Je PIAIDSQO QIOM
SUOT)ORNUOD S[ISNIA! ZH 1 ‘sM 001 ANE\ME or1) J[npou [og]
*$)09JJ9 9pIS [BIoUAT ‘sosind X7 UuroAwoa[q BUIOUR[OW (S661) ‘1P 12
10 [e0] Jofew oN - <6 6 ‘wd/A 00€T urur-g SNOUSABIIUY V1 JUBUSI[EIA Woc Jopny
‘POAIaSqO
SeM S[osnu SBWOUIOIRD
JO uonIeNUOd [199 snowrenbs
SNOUBIUR)SUI [BOO] ZH 1 ‘s 001 ANE\wE 01) Jodu pue [86]
'$109JJ9 OPIS [BIOUSS ‘sasind 4 10 urAuwo9rq peay Jo so[npou (€661) '[P 12
10 [e90] Jofew ON - LS L 8 ‘WId/A 00E] uru G'¢ SNoudARIIU] S UONEBAULId] (or) 8 YopeIys[og
(A5uanbaay
‘uoneanp aspnd 5113099
‘saspnd jo pue uon
*ou “Y)sudans -enjsiurupe (9Inox (Suorsay)
sypeqMeIp awo02)No PIRY) SINSLIA) SnIp udam)aq /3S0p /3nap) SONSLId)IRIRYD syuaned ,
PUe s)93]J9 IpIS U0 SJUIWWO)) AD b (0) -oraeyo Ising [eATd)u JudUN LAY, BIS)SIRUY JInowny, Jo "oN Apms

"MOTAQI Q) J0J SATPNIS PAJO[As I} Jo Arewring °T J[qeL.

EJD, vol. 28, n° 3, May-June 2018



'sas[nd o1o9[d
JU) WOIJ S1091Jd

so[npou
SNOJUEIND YIIM
BUWOUIOIEO0UIPR
jsea1q
onelselow 1o
‘QUIOIPUAS SNAU

EJD, vol. 28, n° 3, May-June 2018

[enpIsSa1 ou PIM ZH | (/3w (1) ‘BUIOUTDIED [[9D
[[oM Jusuean ay) ‘sm g6 ‘sosind urAwo9rq [eseq ‘ewour[ow [6€] (9661)
pajerd[o) syuoned [y - 33 8L 8 ‘WI/A 00€T umr G- SnousAelUf V1 JNEISLION (819 ‘v 12 I9[I°H
'SOpPONIJ[d
1adifes oy s unys
3 jo Suruing Jy31s
e ‘os[y ‘Aderay) ayp (9z1s anown)
SuLmp uonoenuod uo paseq)
J[osnu JO UONLSUIS Sw (' 1-6°0
oy Jo uondaoxa ZH | Joasope BUIOUB[OW
M ‘PAIBIJ[0) [[oM ‘sl g6 ‘sosind Je ‘uroAwoaq Jne)se)ow [L6] (9661)
SBM JuaURaI) AT, - 8L 96 8 ‘WId/A 00ET uru ()| [eInownjenuy H pue v snoaue)ny) €Ds ‘D 12 SSe[D)
*SUOISO] 0M]) 10
U99s 1M sasuodsar
Jjerdwo) Juened
JOUJ0 9Y) UI PIAISSO
sem asuodsar renred
quo pue quoned
QUO UI PAAIISqO
Ar1om sasuodsax
renxed oaI
{Aderayowoyoon
‘Adexayy -09[2 IM pjean
a1 03 asuodsar sjuaned a1 jo
Ul PIJOU AIoM S109JJd 10Q WOl SInown) ZH | (zwy/3w Q1) QWOIPUAS
IpIS OTW)SAS 10 Ul PIAIISQO QIaM ‘sl g6 ‘sosind urAwoa[q BUWIOUIDIRD (erdnnuu) [8¢] (9661)
[eo0] TewIuIW ATuQ sosuodsarenied  JAN AN 8 ‘WI/A 00ET ur G- | SNouARIIU] V1 1[99 [eseq PIOAIN z ‘v 12 SSe[D
(A>uanbaay
‘uoneanp aspnd 2113999
‘saspnd jo pue uon
‘ou ‘yPsuans -eJjsiuupe (9noa (SuoIsay)
sypeqMeIp awo02)No PIRY) SISLId) Snap udam}aq /3S0p /3nap) SONSLId)IRIRYD syuaned
pue s)23JJ9 IpIS U0 SJUIWWO)) AD b2 (0) -draeyo Ising [eAxdyuy JUdUIBALY, BISA)SIRUY anowiny, Jo "oN Apms§

(ponutunoD) Y S|qeY,

290 m—



BUIOJIES
s 1sodeyy
10 ‘BWOUIdIRd
1199 snowrenbs
‘(say1s unys
-osind pue anss1 1Jos
Ay 19)Je pareaddesip JUBISIP IO [BI0]
Apdwoid jnq 0] JNeISLIoW)
‘asind 21139919 yoead (;wo/sw BUWOUR[OW
JO uonensuIpe ZH 1 ‘s7l 66 -6'0) padsueApe
SuLmp udss sem ‘sasind 9 10 urAwo9rq ‘BUIOUTDIRD [2] (8661)
COTREIORIS RS - 16 66 8 ‘W/A 00€T et ()1 [ELCESENT HPpue VI [[29 [eseq (€vD) ¥e ‘v 12 I9[]°H
‘unys snoxsn|
‘UIy) pamoys pue
‘sKep passaidar Aqrented
0g 10J paureuwrax SUOISI[ ¢ 1910 (190uBd I9ppE[q)
peay oY) Ul SUOIS[ qy, "pareaddesip (19youreIp BUIOUTOTRD
JY) WOIJ ABPNXd Aa101dwiod 1 d[npou jo 1199 [eUONISURT)
pue ‘skep ¢ 10jJ PUR ‘SISNID YSIMO[[QA ZH 1 ‘sM 001 ww /3w G'() ‘sa[npou [zL]
Juasald o1om BUWIOPIO Suruiog ‘pouIp ‘sosind urAwo9[q snoaueInd (8661) ‘1P 12
PUE 9]epNXo [e507] A[renpeis suosar [[y €78 001 8 ‘Wd/A 0001 U O [euorssfenuy VD ONEISLION ot eloqnyy
'S)eaM g 0)
 pa1mbair uonuaur
puodas £q Jureay
punom 99[dwo) “mown)
‘SpIemIalje Ou Inq ‘UONLULIOJ
Surreadde jsnio-opeos JSNID-9[BIS
SN B YPIIm puE uoneIAd[N
‘sKep ¢ 01 7 unm snoaue)nd Jo
poareadde uoneroon PoIsIsuod douereadde
*9)IS JUAWIIRAI Ay} [ea13ojoypedolsiy oy
JB PALINJO0 BWIPO ‘Adesoy 19)Je Syoom (az1s Imown)
pue BWAYIAID 0M], "UOTJBAIISO uo paseq)
ssoqured ‘Ade JO syjuow Q| UBUI ZH | Sw () 1-S°0
-I9UJOWAYI0IIIJ[d B [JIM PIPIOIAI ‘sl g6 ‘sosind ‘uroAwo9[q BWOUIOIRD [[9D [¢6] (L66T)
I0)je sAep ¢ 0) [ IV QIOM SOOUALINOAI ON 86 001 8 ‘WId/A 00ET uru ()| [euorsa[enuy d pue v [eseq Arewrig #S) 02 ‘Ip 12 SSe[D
(A>uanbaay
‘uoneanp aspnd 2113999
‘saspnd jo pue uon
‘ou ‘yPsuaas -eJjsiuupe (dnoax (Suorsay)
sypeqMeIp aw02)No PIRY) SINSLId) Snap udam3aq /3S0p /3nap) SONSLId)IRIRYD syuaned .
pue s)23JJ9 IpIS U0 SJUIWWO)) AD b2 (0) -draeyo Ising [eAxdyuy JUdUNBALY, BISA)SIRUY anowny, Jo "oN Apms

(ponutjunoD) Y djqey,

EJD, vol. 28, n° 3, May-June 2018



"Syoom
€-7 T9)Je POIOA0IAT
A12191dwon

pey pue Aep

[}JY 9Y} UO [ewuIxeur
QI9M SUOTOBAI
qInoe Ay, ‘sAep

7 19je pareaddesip
[OIyMm ‘Padnjou sem
eruoyredAy Jys3is (ww
9uoned duo uf "osind sl 001 G¢-7) eWIOUR[OW
yoea jo uoneorjdde ‘sosnd (zwy/3w Q1) jueuIIRW
urmp uaas 8 ‘WI/A 00€T ururoAwo[q JO sosejsejow [¢1] (0002)
QIoM SUOTIORIUOD) - pue 0001 Ui G- SnouaABIU] snoaue)ny) (S9) ¥ ‘v 12 S|OY
"M I9A0
Pa[BaY SUOISI[ Y}
pue sysnid padojorap
sasejsejow
parean Ay, (tw
“INJ31J0U PIp pue 0T-S) ewoue[ou
sas[nd omoare oy jueuIIew
“Jsapout JO uonenNSIUIWpPE Uo JO sasejsejow
pue Joriq sem paddo)s Aeyerpowtur sml g6 ‘sosind uroAwoa[q snoauend [z1]1 (0002)
HOJUIOOSIpAUSTIE ] Supa9g 8 “‘W/A 00T UIuEQ JoSw g P=1BIS0[() 61 ‘P12 149D
BUIOUIDIED [[99
(enssn jo snowenbs yoou
-asind 2109910 JUO/SW ()] pue peay pue
[ora JO puL 2y} -ST°0) BUIOUIOIROOUIPR
I9)Je A[QJeIpawil uonoalur UIUIOAWO9[q ‘euIouB[ow
pareaddesip [eInownjenur [eInowrnjenur jueuIIRW
OIYM ‘PIATISQO Io)Je 10 ANE\ME ST “PWouroIRd [0
SeM So[osnuu ZH 1 ‘sM 001 uiw ()] pue Jo jw/3w Qf) [eseq JO sImown)
JO uondeNUOd ‘sasind g 10 SNOUdARIIUT ururoAwo[q snoaueNogns [12] (8661)
SNOJULIUBISUI [BIO] - 8 “WI/A 00ET I9)e Ul ¢ SNOuALIIU] 10 snoaueIn) (162) 0S ‘v 12 TN
unys Ay}
Jo uonejuawdrdap
JYSI]S B pue ‘SULLIBOS
[ewrrurw AJuo
pUE 9UI09INO (qwo/3w g BUIOUIDIED [[90
J1)oWIS0d POOS YIIM -6T0) [esBq ‘BWOUIdIRd
PAIBIA[0) [[OM Sem zZH 1 ‘s 001 unerdsro 1195 snowrenbs [8L] (8661)
Ade1ayowayoonos[g - ‘Wo/A 00€1 uru z-| [eInownjenuy ‘BUIOUB[IIN %) v ‘D 12 ©SIDS
(A>uanbaay
‘uoneanp aspnd 2113999
‘sasind jo pue uon
‘ou ‘yjsuaays -eIjsiarupe (9nox (Suorsay)
sydeqMeIp aw02)No PIRY) SINSLIA) 3nap udamlaq /3s0p /3nap) SONSLId)IRIRYD syuaned
PUE §)93JJ9 IpIS Uo S)UIWWO)) -drIeyo Ising [eAI)U JUBUIBAL], anowny, Jo ‘oN ApmS

(ponuiuno)) ° dqel,

EJD, vol. 28, n° 3, May-June 2018




I90UBD
JSBAIq WO
sase)sejoul Uns
pue ‘(unys 3y 03
J1jeIse)aW) Jo81)
JATISaTIpOIoR
Joddn oy

JO sewourdIed

-o1enbope [199 snowenbs
SeM 90URIJ0) ‘ewroue[ow
pue ‘quaunean AmEo\wE P JO sIsejsejow 2]
°y) 03 paje[al zH 1 ‘v 001 -6°0) Jisuen-ur (1002) 17 12
PIUAWNOOP QIIM ‘sosynd urAwoa[q ‘SRWOUTdIRD seAan))
suoneorduros oN - 67 86 8 ‘WI/A 00€T urmr O f [euolssfenuy V1 [[°0 [eseq (8¢) ST ~Zongupoy
‘L skeq
uo w/3w ¢
qco
"P30d)ap AIoM -UOIQJI)UT
qeos Terogradns e jo ‘auore pue ‘c F ¢
UOTIRULIOJ SQWIT}OWOS Ade ske uo
pue g[npou -I_OUNWIWIOWAYD (;wy/3w O7)
) Surpunoxmns Paseq-unse[quIp unerdsio
BUWAYIAID M pajean SNOUIABIIUT
JYSIS ‘SpIemIaje S9[Npou Inownj Jo ‘1 Keq uo
A[ejerpawiuut 9%77T s paredwod (;wy/3w 0g)
poyedissip ‘so[npou Inowny Qunsnwoj
[OTYM ‘PIAISSqO JO 9,8+ I0J paure}qo uoISnjur oY} [e10 BUIOUR[OW
SeM so[osnuu sem asuodsar ZH | Jo Suruurdaq ‘(Ju/Sw ) jueuIIRW
JO UOI}OBNUOD 9A1}02[qO ‘Jusunean ‘sl g6 ‘sosind Yy 19e unse[q JO sosejsejow [0z] (0002)
SNOQUEBIUR)ISUI [BO0] I9)Je SYQOM INO 11 Y 8 ‘WI/A 00CT [ € ISBI[ Y -UIA SNOUQABIU] NN snoauen)) (L2 6 "D 12 BSIOS
‘SYooM 7
JI0J PoUTRWIAI YOTIyM
Ade1oyiowayo01399[9
YIm pajean ‘A[uo
sjuaned ur paAaIsqo une[dsio M pajean
QIOM BUIAPA0 QIoM JBY) 50U}
pue ewoyAIg 10J 961 03 paredwod sosejsejout
‘SpIemIdlje ‘PAAIRSqO SeM [e120sIA ‘Ade
A[orerpawur AdeI1oy)owayo01)o9[d -Ioyjountu
payedrssip £q pajean (z1s anown) -WIIowayd
[OIYM ‘PIAISqO S9[Npou Inown) uo paseq 0) A1030RIJaI
sem so[osnu ) JO 9JeI [0NUOD Sw z-67°0) sose)sejout
JO UOT}OBIUOD %[ © ‘dn-mor[oy ZH 1 ‘sM 001 unerdsro BUIOUR[OW [£1] (0002)
SNOQUEBJURISUI [BO0] JO SYooMm +7] W 89 8L WI/A 00ET urw g-| [eInOWNJeIU] NN JUALINOAY (T8) 01 ‘D 12 BSIOS
(A>uanbaay
‘uopeanp as[nd 21132919
‘sasind jo pue uon
‘ou ‘yPduaays -eI)siarupe (9nox (Suorsay)
sydeqMEIP W0dINo PI3Y) SONSLId) Snap udamiaq /3sop /3nap) SONSLId)IBIRYD sjuaned
PUE $)93JJ9 IPIS U0 SHUIWUO0)) qD b2 (0) -drIeyd asing [eAI)uUY JuIUIBAI], BISI)SIRUY anowng, Jo ‘'oN ApmS

(ponuyuno)) °1 aqqeL,

EJD, vol. 28, n° 3, May-June 2018



(epomnosre
1 dKy
10J) ZH 000S
"J09J9 AIRpu0ds ‘sl 001
ou JIM [0J)UOD ‘sosind
[BI0[ JUS[[90%9 8% ST ‘A096
ue 03 pay uoneordde ‘(apomo9re
pouwrnbruur 111 2d&y
Jo osn ay) fIM 10J) ZH 000S
PaUIqUIOD SUOTSSAS ‘sl 00T Bw £7) S9[NPOU BWOIILS [9g]
AdeI1oy)owayo0ono9[d ‘sosnd UurdAWo[q s 1sodey] (erdnnur) (9007) ‘I 12
NN aannedoy (0T 001 8X 1€ ‘A OEL umr 0g-8 SnousAelUf VD 9[qejoasaluf) I Aeqren
*SOAIQU [BIO] (AI @3®1S pue []
Aq peKerar ured 0) 10 a3e1S) susodop
soosnwt SurApropun BWOUR[OW
Jo wseds o3 anp quuiIj AIepuooas
Q) UT SUOTBSUQS (enssn sSnoaueINIqNs
YOO0yS JL1IJ[d Jo Jwo/Sw ) J10/pue snoaueynd
juesed[dun pasned sl 001 urAwoa[q orqedred [¥6] (S002)
uonerodonoag - @, 8L ‘A 00ST-09S utu 0z-¢ [euorssfenuy H Pue VI 10/pue J[qISIA (9¢) 61 1D 12 duIkg
Pa3odep
Sem S9[nNpou
snoaueINOqns
"POIBISLO) [[OM SeM J0 uoneyuowIid (enssn jo
BUIOUR[OW JUBUSIRW JO Q0UALINDAX ZH 1 ‘sM 00T Jwo/3u 1°() BUIOUB[OW [¥L]
[esoonur Jo OU ‘JUUIBAI} PUOIIS ‘sosind urAwo9[q jueuSiew (ordnnur) (S002) ‘Iv 12
Kdeioyowrayo0no9[g Q) I9)Je SYPUOW 2AL] (0T 001 8 ‘WI/A 0001 urw ()| [euoIs9[Enu] VD [eouLIdg I BIOQIY]
*90UALINDAX ZH 000S
[©20] JO Su31s ‘sl 001
noym sem juaned ‘sosind zg1 (Bw
dy) ‘yuaunean Jo (uwr) puodas pue 3w 9) RUWOUR[OW
Sutuursaq o Ioye ay) ¢ pue) unefdsmo Jueus e [6L] (S00T)
AN sfqjuour usanog 00T 001 XG A 0EL urr 6-¢ [euolso[enu] VD [e3o2Iouy (M1 ‘v 12 foug
'SUOIS9[ JO 9%¢8
10J paure)qo sem
asuodsar aanoalqo (enssn
‘ouore unerdsro Jo cww
‘POAIaSqO Jo uopneorjdde ZH 1 ‘sM 001 001/3W 1) 190UBD JsBaIq [08]
QIOM S1O9JJ0 PIS [eINOWNIENUL YIIM ‘sosind X7 unerdsro JO SUOIS9 Inown) #002) ‘1v 12
[e20] [ewrrurw AuQ) PajeaI] SUOISI[ IO, ] €€ 001 “WO/A 00ET uru g-1 [eInoWwnjeI U] V1 snoauen)) 92) 9 Yos1aqy
(enssn jo RUWOUR[OW
‘sjuaned ZH T ‘sM 00T L0 1 /3w 1) jueuSIEWw
A} JO Isouw JIoJ I0)o8J ‘sosynd unerdsio JO dseasIp [z6] (€002)
SunuIl € Sem ureq - 1oL [ 8 ‘WI/A 00€T NN [eInownjenuy NN OAISSAIS0I] (112 ¥1 1P 12 esIag
(A>uanbaay
‘uonjeanp asind 2113299
‘sasynd jo pue uon
‘ou “Yjsudns -eJjsiurupe (9Inox (Suorsay)
sypeqMeIp W0d)N0 PIRY) SIUSLI) Snap udamiaq /3sop /3nap) SONSLId)IBIRYD sjuaned
PUE $J23JJ9 IPIS U0 SHUIWO0)) AD 3 (0) -deaeyd asing [eAIuY JudUIBAL], BISI)SoRUY anowny, JO "oN Apms

(pomununoD) Y AqeL

EJD, vol. 28, n° 3, May-June 2018

294 e



*anssI) Ieds Aq
pooedar sem anowny
SU) pue S3I0M -0
19)Je pareaddesip
Uy} ISNId Y}
‘{ypeaUIopUN INOWN) BUIOUTDIRD
A} JO SISOIOAU 1199 [N
PIM ‘9IS Inown) 3y} (anssn jo ‘ewrour[oU
‘BaIR pajean) J& PaLINdO0 SUNSnIo cwo/3uw 3w 1) ‘BUIODTES
AU} UI PIAIISAO SBM quaunear) Ia)ye urAwo9lq ‘BUIOUIDTRD [96] (9002)
UONIBIUOD [OSNIA SABD MJ B UTYIIA 78 001 NN um () [-§ [eInownjenuy VD 10 V1 1199 snouwrenbg (L1 L ‘v 12 Yuili],
‘[[em 1s9Yd
) Uo Inowny Jo
uoneurwid 939[dwod
B Ul Juneurund
‘Surpad[q
pue ured jo jorjar Aderoyjowrayd
Aq paruedwoooe sl 001 (Bw ¢) OTwIA)SAS
SeM SSeul Inowny ‘sosind urAwo9lq 0 oAIsuodsarun
AU} Ul UONINPAX JO SoLIdS [eInownjenut 19JULD JSBAIq [#9]
dneWRIP € Juauiean QATINJASUOD pue (3w (7) A1ojewuIuIRur (9007) ‘v 12
NN Iy Ay SUIMOO] 00T 001 B Wd/A 00%1 Uy STIOUSABTIUY S JUSTINIOY (M1 UB[IYM
dreos pue peoy
AU} UO SIseIseIoW
pajeIad[n
JuouIean I9)Je ‘3UIpa9q [BIAADS
SINOY M) B UIyIImM M pajuasard
JSNID B PAULIO ‘J0o0j01d (zwy/3w G1) BUWOUR[OW
PUEIDS9[(IONPOSES0 HdOSd 2y uroAwoo|q JueugTew [9€] (9002)
NN sasejsejow SUIpas[yg L8 001 01 3UIpI0ddY uiu g snouaABIU] VD PAJRUTWIASSI(] Q1 ‘1D 12 Y90
‘uonerodonsope (uors9op (AI @3®1S pue 1
J19)Je RIUO[O0AW Inown) Jo 93e)§) pwoUR[OW
ym wiseds oposnw ZH ¥ ‘sv 001 Juwy/3u ) jueuIIRW
pue ured [eoo] sosind 9 urAwo[q JO sasejsejow [s6] (9002)
pauodar sjuaned - 9¢ of ‘WO/A 009< uru (| [euoIsa[enU] d pue v snoaueIny) #9) 21 ‘v 12 Apneon)
(A>uanbaay
‘uoyeanp aspnd 2113999
‘sasind jo pue uon
ou ‘yPdudays -eI)siurupe (9Inox (Suorsay)
sydeqMeIp W02)N0 PIRY) SINSLIA) Snap udamiaq /3s0p /3nap) SONSLId)IRIRYD syuaped .
PUe §)93JJ9 IpIS U0 S)UIWWO)) A0 b: (0) -orIeyd Is|ng [eAT)U JUBUNBAL], BISY)SIRUY anowny, Jo "oN Apms

(ponutunoD) Y J|qeL,

EJD, vol. 28, n° 3, May-June 2018



‘qruowt
B UM Jureay
S180S AQ POMO[[O]
P2I0U ATIM SUOISOID

rewopida reroyradns (syuened
pUE SOPOIIYD K103081)01/pasdefax
JY) WoIJ SyIeUL 111
‘IOAOQIOJA "SABP MdJ 93e)S) eWoOUR[OW
' unim pareaddesip [000301d (/3w Gr) jueuIIew 111
BUWAP0 YIS AdOSH 2Yy» urAwo9rq JO sasejsejow (8007) ‘v 12
pue BUIYIAID [BIO] - 86 €6 0) SUIpI0ddYy umu §7-9 SNouARIIU] VD snoaueIn)) (€€0) 1 ourgene)
BUIOUB[OW
ZH 000S Jueugew
‘pantodar 10 [ ‘sv Q0T ANE\ME S1) Jo sasejsejowr
SeM UOIIRIIUOD ‘sosynd urAwo[q SNoauLrIND [68] (L00T)
aposnur A[uQ - 001 001 8 ‘WO/AQ0ET UIINRZR SILOUEAEIL VD S[qEjossaIuf) o) 1 ‘v 12 foug
uonoafur
‘sInoy [eInownjenut urAwo9[q el
81 urgum pajedissip I0)e [eInownjenul pUE ‘BWOUIDIRD
yorym ‘pariodar ZH 000S A[orerpawur 10 JSBaIq d1Ie)SeIoW
SeM JUAUNBAT) 0) T ‘s oo1 pue (/3w GT) unys pue Arewrd
Ay} 0] paje[aL ‘sosind SnoudARIUL urAwo9rq VD ‘BUIOUIDIRD [29] (L00T)
ured ppiu AJuQ - 09 78 8 ‘WI/A 00F1 I9)je Ul § SNOudARIIU] 1o yIpue § [199 snowenbg (I11) 0€ ‘v 12 unyIe |
(Sponosre
111 2d£y
10]) zH 000S
‘sloo1
‘sasind 96
‘wd/A 0001 (enssn
‘(apomo9fe JO ;wo/Sw g
11 2d£) -G'0) unerdsmo
10J) ZH 000S [eInownjenul
1o 1 ‘sl 001 1o (onssn
‘sasynd unerdsro Jo Jwo/3w g BUIOOIES
8 “WId/A 0001 10 UI0AWo9[q -GT°0) pUE BWOUIOIRD
‘(pond9re REliile] UurdAwoa[q ‘S9[npou Inowiny
12dKy Jo uonoafur [eInownjenur BUIOUB[OW
10J) ZH 000S [eInownjenut 10 jueuSI[RW
-9[qeidadoe 10 T ‘srlooT I9)je 10 (puy/3w G1) JO sosejsejow
pUE IOUTWI 9I9M ‘sosind ‘SnoudALnUI urAwoarq snoaueINogns [s1](9002)
S109}J9 9pIS - L'EL 88 8 ‘W/A 00€T J9)je ur 8¢-8 SnousAeIUf VD 10 V1 pUE SnosueINy (ILD) 1% v 12 Kire
(A>uanbaay
‘uoyeanp aspnd 2113999
‘sasynd jo pue uon
‘ou ‘ypdudays -er)siurupe (9nox (Suorsay)
sypeqMeIp W02IN0 PIRY) SINSLIA) Snap udam3aq /3s0p /3nap) SONSLId)IRIRYD syuaped
PUE §)93JJ3 IpIS§ Uo S)UIWWO)) A0 b: (0) -orIeyd Is[ng [eAT)u JUBUN LA, BISA)SIRUY anowny, Jo "oN Apms

(ponuyuno)) °1 a|qeL,

EJD, vol. 28, n° 3, May-June 2018

\O
N
(@\



— 2977

(Inowmny
Y} JO WL AY)
-osuodsar fenred uo derd e1a)
Suro3ropun sem sos[nd jo suni
UOISI[ AY) ‘SYIM 01 [euonippe
1T 101V "SYoam ue pue
JO Iapew B urg)m ‘(uorsa[ Ay
9ZIS Ul POsLaIdap pue JO anudd Ay)
3snio © padojoaap Ul S9pOIIII[d
UOIS[ Y], INOAX J[padu
jou pIp pue paddoss [euo3exay (/3w G1) Q0UALINDAI
Surpag[q ay ‘Aderayy £q) saosind jo urAwoa[q BUWOUR[W [¢2] (6002)
NN 19)1je A[oerpautu] 0 001 SUNI U9d1] NN SNoudARIIU] NN Surpa9rg M1 ‘v 12 foug
‘pauaney
pue I9)oWerp
Juauneal) I9)je pue ur paysIuIwuIp
SuLmnp 110JwodsIp 10 JI9y}Ing UoIS9[
ured [enpisar ou pey QY ‘JudUIeAN I8
juaned Ay T, "syeom SYJUOW OM], "SYoM
7 10J pajsistad G Aorewrxoidde ZH 000S
pue 9IS JuowILAn) urngm ‘sl 00T
A} JB PIAIRSqO pojeredas sonpou ‘sosnd ANE\mE G1) [09]
QI9M BUWIDPAO parean ay) uo § JO SILIdS B UuroAwo9[q BWOUTOIRD [[Q (erdnnur) (6007) ‘Iv 12
SIS pue ewoyAIg jsno [eroyradns oy, Q01 001 QInpou/A 089 um g SNOURABIIUY V1Ppues [N QAISUIXH I o[ojeIn)
oom
] 191J& PaIaA0IAI ZH 000S
pUR JuUSUNLAN JO ‘S9[Npou pajean Jo ‘sl 001
QJIS Y} UO PIAIISQO SIS JB SIBDS [RULIOU ‘sostnd ANE\mE S1) [£6]
QIOM BUIAP0 puB M S)[NSAT JUI[[IX { Jo suni1 UuIAWo[q BUIOOIES (erdnnur) (8007) ‘I 12
BUIOYIAIS ssofured v ‘sqpuow 71y 001 001 QInpou/A (089 umu § SnouaARIIU] V1 s 1sodey] o[1uag I o[oyeIn)
/Asdo1q
unys Aq pawIyuod (enssn
"K10AT[9p 2snd a1y Aqreor3ooisty ZH 000S Jjo mEo\mE 1 UOT)BNUIJIP
Sunmnp pajrodar sem Sem [oIym ‘s 00T -GZ°0) snowenbs s [os]
uonNoRNUOD J[oSnuI ‘syyuour ¢ 03 [ urym ‘sosind g urdAwoa[q BWOUTOIRD [[ (erdnnur) (8007) ‘Iv 12
03 onp ured priy Surpeay [eorur) 00T 001 *S[MPOU/A OEL e [emoumienuy V1 [eseq oNeISeISN I Tunue.
(A>uanbaxy
‘uoneanp aspnd 2113999
‘sasnd jo pue uon
‘ou ‘yP3uaays -exjsiarupe (dnox (Suorsay)
sydeqMeIp w02)No PIRY) SASLId) 3nap udam3aq /3S0p /3nap) SONSLId)IRIRYD syuaned '
PUe s)93JJ9 IpIS U0 SJUIWWO)) AD b2 (0) -draeyo Ising [eATd)uy JUIUNBALY, BISA)SIRUY anowny, Jo "oN Apms

(ponutuno)) ° Sqel,

EJD, vol. 28, n° 3, May-June 2018



*SUOIBIIPIW
)IM pageuewu (onssn BUIOUIDIRD
pue JjeIopowr Jo Swy3u 1) [1°9 snowrenbs [66]
SEAM JUUIBAT) sl 001 UuIAWo[q ‘eUIOUIdIRD 102) ‘P 12
Toye ured oy, - L9  L99 ‘WI/A 0011 urmr O f [eInournjenuy VD [199 Teseq 99 wonspuery
*S[[99 Inowny
pue uonerojrjord
Ie[NOSeA [eWLIOUqR
Jo douasqe
Y} Ul SISoIqy
[BULISP PaMOYS
JuQUIIRAI) I9)JR
sypuowr g sorsdorq
up[§ “JUSWIRAN) I9)Je
paseardap Afpider
ured ‘ypuout |
JNOqge UIyIM Sureay
[eo1uI[o Ul Junnsal
‘SUOISI[ AY) JO
SISOIOQU QANRIII[N ZH 000S
PIM ‘PIATIISQO ‘s 00T (Bw ¢'9) BUWOIIRS
sem asuodsar ‘sosnd uroAwo9rq s 1sodey] unys (ordnynur) [+<] (0102)
NN [eoruro pidery 01 001 8 ‘W/A OEL e [eInownjenuy Vi1 aanisod-g-AHH [ ‘17 12 1prend
BUIOUIDIRD
prowroprde
unys Sursdefax
[BUOIS21000]
pue ‘ewourdied
Jodu pue
(enssn PBAY JUALINJAX
JO cwo/3w | pasueApe A[[eo0]
-6T0) ‘SBUIODILS QNSST)
‘PIoY JUQUIRAL) uroAwoa[q 1JOS JULINDAI
oy ur osdefax [eInownjenut ‘eUIOUIDIRD
pasuanradxa syuaned 10 JsealIq Jo
‘uonesuas jueseajdun T AJuo ‘syjuowr ‘(Qu/sw Q1) QOUALINDAI [[eM [zo1]
Ue pasned SaWowos 6 Jo dn-moj[oJ UTUIOAWO9[q 1S9 ‘soseisejou (6007) ‘I 12
SJURLIND OLIOJ[H UBQW B Iy 08 96 sosnd g uru (g SNOURABIIU] V1Ppues BUWOUB[IIN (809) TS euedwre)
(A>uanbaay
‘uoneanp aspnd 2113999
‘sasind jo pue uon
‘ou ‘yjdudays -eIjsiarupe (9nox (Suorsay)
sydeqMeIp W02)N0 PIRY) SINSLIA) 3nap udam3aq /3s0p /3nap) SONSLId)IRIRYD syuaped
PUE §)93JJ9 IpIS Uo S)UIWWO)) A0 d0 -drIeyd asing [eAIuUY JudUIBAI], BISI)SIRUY anowng, Jo ‘'oN Apms

(ponuiuno)) ° dqel,

EJD, vol. 28, n° 3, May-June 2018



— 299 —

*SISNID ON0IOAU
KQ pa1oA0d AToM
SI190[n [eroyIadns
[enpisar A[uo
pUE JUIPIAQ JoFUO[
ou sem uonen[yul
CLUN S ELI
1V JUWean] Iojje (/3w G1) BUWIOUIOIED [ooT1]
SY9M T PIAIISqO uroAwoa[q [199 snowrenbs (1100) ‘Iv 12
AN sem osuodsary (0T 00T AN AN SNOUdABTIU] vD JUQIINOY anr OOUQIBJA
(Sopoad9d
11 2d4)
10J) zH 000S
sl 01
‘sasynd
8 ‘Wd/A 0001
{(sopona9
11 2d£Ky
10J) ZH 000S BUWOUIOIED
10 1 ‘sl 001 1199 snowrenbs
‘sasynd ‘PUWOUTOIRD
8 ‘W/A 0001 [[99 [eseq
$(SOpo1dT uroAwo9|q ‘BWOUTOTEO0UIP.
"pariodar a1om SJUQAD 12dKy [eInownjenur 190UBd
OSIOAPE SNOLIAS 10J) ZH 000S 1o JSeaIq ‘BWOUR[OW
ou pue sjuaned 10 T ‘sl 00T ‘(3w GT) jueuIIew [¥]
£q pareIo[ol-[[om ‘sasynd urAwo9|q VD Jo sose)sejoul (1100) ‘v 12
Sem JuoUIeaI], - 09 6L 8 ‘WO/A 00ET urw §z-9 SNOUdABTIU] 1o g pue I snoauein) 961) TS UOSSAIYNEBIA
*S[[99 BWOUB[OW OU
PO[BAADI IoJE] SYOoM
 parean suoIsa|
) jo sarsdorq yound
aaneyuasardoy
"paonpar
Sem INOpo Ay}
pue ‘paddojs mowm ZH ¥ ‘sM 00T (Bw ¢-G'1 sasejsejour
"UOIIUDAIIUT Ay Jo Surpag|q ‘sasynd :o3uer) Unys BWOUR[IW [czl
AU} SULINP PALINI0 ) yuaunean 9 JO suni urAwoa[q jueuIIRW ©102) ‘1P 12
SJUOAD 9SIOAPE ON 10)e skep om], (0T 001 WI/A 0T T ur ()| [eInownjenuy vD Ie[npON 1 Io[yoey] o
(£>uanbay Q
‘uoneanp asind d11399 g
‘sasnd jo pue uon ey
*ou ‘y)suaas -eJjsiuupe (9noax (Suorsay) m
syoRqMEID auI0)No PIRY) SONISLId) Snap wdamyaq /3sop /3nap) SOSLId)ORIRYD syuanyed o
pue $)333J9 IpIS U0 SJUIWWIO)) b 10) q0 -orIey Ispng [eAI)uUL JudUIBAL], BISAYISaeUY anowmny, Jo "oN Apmg =
o5
oN
(panuyuno)) °1 dqel, E
M



‘JuoUIEaI) I9)je
sKep g-] eaIe pajean

J9Jued 1sealq

J) Ul uonNeI[N [020301d ANE\mE G1) Jo sasejselowr [£9]
pue ured Jo paISISuod AdOSH 2y urAuwo9[q snoaueINOqNs (T102) ‘w12
SJUIAD JASIOAPY - GL 6 0) SUIpI0ddYy uru g SnouaARIU| A9 10 UDyS ((420)4! 0JUIAIURY
*STOAQ[
9[qe10919puUN 0) Peo|
[BIIA JO UOT}ONPaI [0o0301d (zwy/3w G1) [6S]
)M PIJRIDOSSE AdOSH 2y urAwo9[q BUWOJILS (T102) ‘P 12
NN SeM JUSUIRAL Y, 8L 001 01 3UIpI0ddYy ur g SnoudARIIUY \%9) s 1sodey] (TL) 81 unue |
uonoafur
[eInowNjRIUL UIAWo[q
‘SuIpa9lq ZH 000S I9)Je Ut ()| [eINOWNIRNUI
‘ured pue “Iopo ‘sajepnxd 10 [ ‘sv Q0T urpIm 10 10 JO0URD JSLAIq [99]
Jusunean-isod sem 3uIsea1oap papnout ‘sosynd SNOUIARIIUL ‘(Quy/Sw G1) JO S90u_IINOAX (T102) ‘v 12
109JJ 9PIS Urew Y, Jorpar onewoydwAg 6 L1 8 ‘Wd/A 0001 JI9)Je Ut §7-8 SNOUdARIIUY VD snoaueIn) (AN 1 UQSSAIYNBIAL
(onssn
JO /S| SIOU}O pue
-GT°0) ‘JSBAIQ ‘BWOIIES
uonoafur urAwo[q s 1sodey]
SOpPOMIA[ [eInownjenur [eInownjeUI ‘BUIOUTDIRD
Jo adKy oy I9)Je U ()| 10 [199 snowenbs
uo Jurpuadop ury)Im 1o ‘(Quy/Sw G1) ‘ewIoue[oW JO [er]
A 096 10 SNOUAARIIUT urAwo[q SUOISI] JNBISBIAW (1102) '[P 12
SUON - 8¢9 LS6 A OEL A 00F JI9)Je urur g SnousAeuf VD 10 V1 PUE QAISSAIS01] (AN/ZS) Soje[IeyS
(Sopond9
111 2d£y
10§) ZH 000S
‘st 01
‘sosind 96
‘wd/A 0001
‘Jruowr ‘(Sopomndafe
I Ajorewrxordde 11 2dKy BUWOUR[W
10J urys 10¥) ZH 000S jueuSIEW
U} UO J[qISIA IoM 10 [ ‘sv Q0T (zwy/Sw G1) JO sasejsejowr
SOPOIIJ[ ‘sosynd urAwoa[q snoaueNogns [Lel (1102)
S[P= OO IESIETAT - €C 29 8 “‘W/A 0001 UM 3e=8 SIOUS S VD pue Snooueinz) 8¥1) 6 (P2
(A>uanbaay
‘uoneanp aspnd L1393
‘sasind jo pue uon
*‘ou ‘yPsuans -eJ)siuupe (dnoax (Suorsay)
sypRqMEBIP AW0dIN0 PI3Y) SONSLId) 3nap usam)aq /3s0p /3nap) SINSLIdNIBIRYD sjuaned
PUE $1293JJ3 IS U0 SJUIWO0)) A b: (0) -draeyd asing [eAI)uY JudUN LAY, BISIY)SIRUY anowny, Jo "'oN Apms

(ponutjunoD) Y d|qey,

EJD, vol. 28, n° 3, May-June 2018

300 m—



[000301d (/3w Gr) BUWIOUTOTRD
HdOSH 24y} uroAwoarq 1199 [93I9IA [19] (€102)
QUON - AN 001 0) 3UIpI0ddY unur 87-9 SnoudARIIU] VD pasueApy (D1 ‘1D 12 1S[99S
‘partodar
AToM ‘AIQAT[OP
asind jo owp oy Je
SUOIORNUOD J[ISnUI
0) 9np J[osnu A10S
SB [[9M SE ‘SUOISI[
pajearn punore ‘(Sypuowt (OZ-2) (sewourored [[99
BUISP0 JYSI[S pue dn-moroj Surmp [020301d (puy/3w G1) [eseq snorownu)
BUIDYIAIS ‘JuduuIRaI) pasderar suorsy AdOSH 2y» urAuwoarq QWOIPUAS (ordnnyA) [zs] (z102)
19)Je Aep 2uQ D Y1 Jo duoN L8 66 0) SUIpI0ddY umu 87- SNoudARIIU] NN 7)]0D)-UI[I0D) ¢ ‘v 12 ST
“UONBID[N ULYS AJNO.
pue ured jo Ajurewrd ZH 000S
PaISISUOD pue ‘sl 001 I90UBD 15BAIq
SIUQUIBAIIAI IS)Je ‘sosnd ANE\mE S1) WOIJ dOUALINOAL [co]
pasealoul ‘priur sem 8 ‘WId/A 0001 urAuwo9[q [TeM 1S9Yd (T102) ‘v 12
Aprgrowr pajeey - evs vl6 -0l6 Uy STOUSARIIUY VD S[qe1oaSaIuf) (961)LE euedure)
uroAwoa[q
[eInownjenut
pue
SNOuARIIUL
*[01U0D [BI0] JO Jo
s10301paxd a1om [ DH uoneuIquIod
pue suoneoridde ® 10 ‘(onssn
9pOIII3[9 JO JoquInu Jo Jwo/3uw )
Sursearour uy uonoafur urAwoa[q
"SUOIS?] JO Joquinu [eInownjenut [eInownjenut
pue 3ZIs Inown) ZH 000S 1R 10 BUIOUB[OW
*K3101X0) Q1om asuodsar ‘sl 001 urw | pue ‘(Quy/Sw G1) jueuIIRW [s]
Jo s10301pa1d 10 10J s1030e} 9AnOIpaId ‘sosind SNOUARIIUL UIUIOAWO9[q JO sasejsejow (2102) ‘1P 12
SUSIS OU dIo9M I, JUBOYIUSIS 3% 6 8 “Wd/A 0001 I9)Je unu § SnouaABIU] VD 10 V1 [eroyradng (468) S8 euedwre)
'sKep maJ 151y Ay}
Surmp ured [eo0] JO
pauredwoo sjuened
OM], 'SAep maJ
B UIYIIM UOISSTWI
9jordwod 03
Surpe9y ‘sonorqnue
[BIO Y)IM pajean)
sem pue sjuaned [000301d (/3w GT) BUIOOIES [ss]
T Ul POAI2SQO Sem AdOSH 2Yy» urAwo9rq s 1sodey] (T102) ‘v 12
UONIJUI SNOJUBIND) - S9 001 0) 3UIpI0ddY umur §7-9 SNoudARIIU] VD 9[qeId9saIuN) (T€9) €T ofoyeIn)
(A5uanbaay
‘uoyeanp aspnd 5113099
‘saspnd jo pue uon
*ou “Y)suaans -eJjsiurupe (9Inox (suorsay)
sypeqMeIp aw02)No PIRY) SISLI) Snap udam)aq /3S0p /3nap) SONSLId)IRIRYD syuaned
PUue s)93JJ9 IpIS U0 SJUIWWO)) AD b (0) -oraeyo Ising [eATd)u JUdUN LAY, BISA)SIRUY anowny, Jo "oN Apms

(pomununoD) Y AqeL,

— 301

EJD, vol. 28, n° 3, May-June 2018



BUIOUB[OW
"9, L Sem el [020301d jueuIIeWw
[0TUOD InOWN} [BOO] AdOSH 2y} urAwo[q JO sasejsejowr [o¥] #102)
NN A ‘e[ syPuUoOW g €49 001 0) 3UIpI0ddY unu g SnouaABIU] VD snoaueIny) #59) 0¢ ‘[P 12 1091Y
'siseq Juanedino ue ‘Surpeis [eo130[03s1Y sinowny
Uo J[qeaFeurl 1M )M PIJB[ALIOD [0o0301d (zwy/3w G1) BUWODIRS INSSI) [69]
SISOIOQU NSST) 1JOS [01UOd pue AdOSH 2y urAwo[q 1JOS 9[qeInseauwt #102) ‘Iv 12
PUE UONRISI[N UYS osuodsarmowny,  €7¢  TT6 0] SUIpI0ddY uiu g SnouaARIU] VD pue [eoyIadng 012) ¥€ euedwe)
Syoom
7 10J Juasaid sem
SBAIR PAJLaI] AY) JOAO
JSNIO B pue sAep maJ
e unpim pareaddesip
A[rensn ewoy)A10
Y, "paytodarx [000301d (/3w G1) [8¢]
QIoM BAIR PAIBAL] A} AdOSH 2y urAuwo9rq BUWODILS (ordnnur) #102) Ip 12
JO BUIQYIAIQ pue ured - 001 001 0} 3uUIpI000Y uru §7-8 SNOUSABIIU] VD Io V] s 1sodey] 61 BIUOIA I(T
(Bur g
[020301d 0} ' :o3uer)
HdOSH 24y} uroAwoarq BurIouroTes 190 [1¢] (r102)
NN - 001 001 0) SUIpI02dYy NN [eInownjenuy V1pues [eseq Ie[No0-1L19g (©)¢ ‘1D 12 eM[RS
‘Asdoiq [euorstour
ue Aq pauLIjuod
SEM 9JUQLINOAX
ASBASIP JO OUISR ZH 000S
) pue IjoWeRIp ‘sl 001
ul poySIuIWIp ‘sosind (/3w G1) BUIOUTDIRD
UOISI[ Y} ‘JUAUIBAI) 8 JO SaLIas urAuwo9rq 1199 snowrenbs [es] #102)
QUON I9)e sypuowt oM[, 001 001 B ‘Wd/A 0001 umu § SnouARIU] V71pue s PpareIad[ 9] ‘1D 12 LI9RIN
sewoydwA|
“dn-mo[oJ Jo syjuow (/3w ¢1) [1°0-9 [0L]
8] Suump paAIasqo sl 001 urAwo[q QuoZ [euISIew #107) v 12
NN 1om sasde[aroN (01 001 ‘sosind § unu § SnoudARIIU] VS snoaueIny) (©)¢ Vv men
sasejselow
eIS[eAw [0o0301d (Zwy/3w G1) BUWOUR[W [9¥]
pue ured o1om $109139 AdOSH Y urAwo[q snoaueInd (€102) ‘[P 12
op1s Juanbaiy 1SOIN - 8% L98 01 SUIpI0ddYy utw 87-8 SnouaARIU] VD 10 V1 K101081)9y AN 09 Qoere)
(A>uanbaay
‘uoyeanp aspnd 2113999
‘sasind jo pue uon
‘ou ‘yPduaays -er)siarupe (9nox (Suorsay)
sydeqMeIp W02)N0 PIRY) SINSLIA) 3nap udamlaq /3s0p /3nap) SONSLId)IRIRYD syuaned
PUE §)93JJ9 IpIS Uo S)UIWWO)) b /o) b2 (0) -orIeyo Isng [eAT)U JUBUIBAL], BISY)SIRUY anowny, Jo "oN Apmg

EJD, vol. 28, n° 3, May-June 2018

(ponununo)) "TIqEL,

)
on



— 303

‘uonejuowidiodAy
unys

PUE UONBIO[N ULYS
papnjour £J1o1x0}
[eordoojeuriay ‘ured

-asuodsar 939[dwod
M PIJBIOOSSE
Apueoyrugrs

QIOM XOpUI /9-T3
Mo[ pue ‘Ayianisod
101d2021 Ua3011S20

uD[s 919A3s pajrodax ‘sose)seIow [0d0301d 190uB) 1SBAIq [89]
syuaned ay) Jo owos [BIOOSIA JO 9oUdsqR AdOSH Yy urAuwod[q JO sasejsejowr (S102) 'IP 12
‘SINOY 8 18I oY) U[ Qz1s Iowin) [[eWS 'S5 706 0) SUIpI0ddY NN [eInownjenuy VD 10 V1 snoauen)) (6€2) ST1 e[nqe)
(Qw/3w gy)
UrAWo[q BUIOUB[OW
[050301d SNOUdARIIUL jueuSI[RW [ez1]
ddOSH 2y £q pamorog FJORSOSEISE LI (erdnnur) (S100) 17 12
QUON - LT L9 0] SUIpI0ddY uiu g qewnuiyidy VD Io V] snoaueIn) ST O[[IZZO]N
'S9SBD JSOW Ul SINOY|
{¥ UTYIIM PIAJOSAI
PUE P[IW 9IOM
(ewroy)A19 ‘Sur[oms [000301d (/3w GT) [801]
‘ured) suonesrdwod AdOSH 2Yy» urAwo9rq BUWOUR[IW (erdnnur) (S102) '[P 12
[890] 9)eIpoUIW] - €T L 0) 3UIpI0ddYy umu § SNoudARIIU] VD ArewLi g 1€ oreuog-IA
BUWIOUIDIBOOUSPE
osed pue
‘ewIooIBSOI3UR
snoaueInd
‘euouroIed
1199 [93 19N
‘euouroIed
1199 snowrenbs
‘uoydourure)ooe ym ‘BUIOUIOIRD [[90
J[qeaSeurw AJIsed ‘SISA[euR QJeLIBATUN [eseq ‘ewodIes
1oMm (JuouIean) uo paseq ‘sosejsejoul s 1sodey] ‘100uLd
19)Je sAep - ‘are JO 9ZIS pue Joquunu JSBaIq ‘BWOUR[IW
poyean oy ur ured 1oq [IIM PIJe[oII0d [020301d (pwy/3w G1) JO soseisejow
PUE I9AQJ) SIUOAD Apueoyrugis AdOSH Uy urAwo[q snoaueINoqns [1%] #102)
9s19Ape pajtodoy el asuodsay €C L'99 0) 3UIpI0ddYy um ()¢-9 SnouaARIU] VD 10 snoaueIND (6€) 6€ ‘Ip 12 118[0S
(A>uanbaay
‘uoyeanp aspnd 2113999
‘sasind jo pue uon
ou ‘yPdudays -eI)siurupe (9Inox (Suorsay)
sydeqMeIp W02)N0 PIRY) SINSLIA) Snap udamiaq /3s0p /3nap) SONSLId)IRIRYD syuaped .
PUe §)93JJ9 IpIS U0 S)UIWWO)) A0 b: (0) -orIeyd Is|ng [eAT)U JUBUNBAL], BISY)SIRUY anowny, Jo ‘'oN Apms

(ponutunoD) Y J|qeL,

EJD, vol. 28, n° 3, May-June 2018



‘pariodar “Jor[ox
sem (UONEIAD[N ULYS ured pue SuIpag[q jo ZH 000°S
puUB ‘BWIPI0 NS uoner[ed papnjour ‘sl 001 (pwy/3w G1) BUWODIESOIZUR
‘PWAY)AIR) A)10TX0) juawrasoxdut ‘sasynd uroAwoa[q JnjeISEIOW pue [12] (9102)
snoaueInd JurArep woydwAs [eoo w €9 8 ‘A 096-001 uru g SNOUSABIIU] VD lIo S PaduBApE A[[BO0] #9) 61 *Ip 12 BpIND)
qruajeIqep JSBASIP OIUASKS
1R JIM BUWOUB[OW
(/3w G1) oneIseow [sy]
*J101X0) SNoaueInd UrAwWo[q pajeInuu (S102) '[P 12
JUeOYTUSIS ON - AN 001 NN NN SnousAeIUf VD AVdd H009A (D1 auordiep
(Bw g'9g Krewrd
‘pasnpai Jo o3esop © umouyun
Apueoyrudrs a1om Je) uroAwo[q JO sIsejsejow [sL] (S102)
NN Suipad[q pue ureq (01 001 NN urur 8 SnousAeIUY VD snoaueins (D1 1P 12 OpI']
(sopondQe
111 °dAy
10J) ZH 000S
‘sl 001
‘sosynd
8 ‘Wd/A 0001
{(Sepono9e
11 2d&y
10J) ZH 000S BUIOUIDIED [[99
10 T ‘sl 00T [OYI9IA ‘BWODIRS
‘sosind ‘BUIODIES
8 “WId/A 0001 (enssn jo s 1sodey|
{(sopono9e MEE\ME 1) ‘PuwourdIRd
1°d4) urAwoa[q 1[99 [eseq ‘19oued
10¥) ZH 000S [eInownjenut JSBAIq ‘BWOUIDIRD
10 [ ‘sv Q0T 10 [199 snowenbs [1011
‘Aderoy oy 10)je ‘sosynd ‘(Quy/Sw G1) ‘euIoUR[OW (S102) 'IP 12
payiodoar sem ureq - v 9L 8 “‘W/A 00€T NN STOUSABIIUY VD 10 V1 JNEISEISIA (AN 121 our[eng)
BUIOJIES
10 ewroydwA|
snoaueInd ‘sadA)
BUWIOUIDILD IYJ0
JO sasejselow
SNOQUE)IND IO UDYS
Y} JO BUIOUIDIRD
[199 snowenbs
Arewrad
[000301d ANE\ME S1) ‘I0ued Jsearg [L¥]
'$109JJ9 AdOSH 2Yy» urAwo9rq ‘BWIOUR[IW (S102) ‘[P 12
ISIQAPE MR ATUQ - L0l 9ty 0} 3UIpI02OY uru g SNOUSABIIU] VD jueuIIeI (JAN) 9S J9)NaTy|
(A5uanbaay
‘uoneanp aspnd 5113099
‘saspnd jo pue uon
*ou “Y)suans -eJjsiurupe (9Inox (suorsay)
syoRqMEIp u0dIN0 PIRY) SISLId) Snap udam)aq /3S0p /3nap) SONSLId)IRIRYD syuaned
pue s)93J9 IpIS§ U0 SJUIWWO)) AD b (0) -oraeyo Ising [eATd)u JudUN LAY, BISA)SIRUY anowny, Jo "oN Apms

(poamununoD) Y AqeL,

EJD, vol. 28, n° 3, May-June 2018

304 mm—



asuodsai 212]du102 D) ‘asuodsai 241122[qo YO ‘duriydauida 7 isayisavup uids S DISIYISIDUD [DIUIS YD) ‘DISIYISIDUD [DIO] [y UONDPIS 1§ PIUOUUL JOU AN

uonoafur
[eInownjenut urAwo[q
I9)Je [eInoWwnjenUI Adeiay
ATererpowuur 1o QATIRUIR)
[0o0301d pue (;wy/Sw G1) 0} K101081J01 [€9]
AdOSH Y SNOudARIIUL urAwoa[q SUOISI[ JOouBD 9102) ‘v 12
NN - €¥9  L6L 0} 3uIpI000Y I9)Je U § SNOUSARIIUY NN JSBAIQ SNOJUEIND) (9€2) ¢ yInog
‘poyiodar arom
ysex reindedornoewr ‘SISATeUR QJeLIBATUN uonoafur SIaY}0
pue ‘e1deydsAp uo paseq ‘(so'0>d) [eInoWN)eUI pue ‘ewourdIed
INOPO ULYS I910q AppueoyIusis I9)Je [199 snowrenbs
‘BISNBU ‘QUOBpLaY papuodsar A[ererpowtur uroAwoayq ‘euIOUR[OW
‘uoneanddns SBWIOUTdIed [020301d 1o [eInOWN)ENUT jueuIIRW [#1]
‘uoneuwdidrodAy QATRU-JUUNBAT) IdOSH oY SNOUdARIIUT 10 ‘uroAwo9[q ‘euIouIdIRd 9107) 'IP 12
unys ‘uoneIAd[N un[S pue ‘Arewnid ‘[rewrs €9 78 0) SUIpI0ddYy I9)Je U § SNOURABIIU] VD Io V] 1190 [eseq (S01) SOt ounig
SIOY}0
pue ‘sewoores
anssn 3jos
“PuouroIed [0
[eseq ‘Bwourored
unerdsio JSBAIQ ‘BWOIIBS
IO UIDAWO[q s 1sodey]
[020301d [eInownjeUI ‘BWOUIDIRD 54!
ddOSH 2 10 [[99 snourenbs (roen) (9100) ‘1w 42
QUON - €0S L€8 0} SuIpI000Y NN SNOUSARIIUY VD I0o V' “BWOURIA] 9L€ euedure))
Kdeoyy
juean(pe
O-NAT
19138 unerdsio
[eInownjenuI
1o
[020301d ‘(gu/3w G1) (871
HdOSH 2y} urAuwos|q BuIoue[aW (9100) 1v 12
NN - ¢8 001 0 SUIPI02OY NN SnousAenuf VD IoVv1 PadUBApPY (CRE0XY JUISqUH
(A>uanbay
‘aoneanp aspnd JL13I39
‘sasind jo pue uon
*ou “Y)suaans -enjsiurupe (9Inox (Suorsay)
sypRqMEIp W0dIN0 PI3Y) SONSLId) Snap uaam)aq /3sop /3nap) SONSLId)IRIRYD syuaned
PUE $J93JJ9 IS U0 SHUIWUO0)) AD 2 (0) -dvaeyd asing [eAIUY JudUIBAI], BISI)SoRUY anowny, Jo ‘'oN Apms

(pomununoD) Y AqeL

— 305

EJD, vol. 28, n° 3, May-June 2018



308 records excluded:

articles regarding in
vitro or veterinary

A4

treatments, or non-
English articles

58 records excluded:
reviews and letters

to the Editor
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§ 465 of the records were identified by searching
b the PubMed library and Cochrane database
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L]

29 of the records were removed, based on duplication
z
=
L
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@

128 of the records were screened >

z v
3 70 full-text articles were assessed for eligibility
50
=
= y
D
= 70 studies were included in the analysis
=
=
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Figure 1. Flow of information through the different phases of the review.

83.46% (95% CI. 73.42-91.57%), 89.61% (95% CI:
83.87-94.24%), and 80.82% (95% CI: 66.00-92.36%),
respectively (complete response: 49.53% [95% CI: 36.57-
62.52%], 60.32% [95% CI: 51.91-68.43%], and 63.06%
[95% CI: 36.32-86.44%], respectively). However, the
choice of the drug and its administration route should be
made based on tumour size and number of tumour nodules
[15]. In general, the intravenous route is recommended in
the presence of extensive disease, lymphedema, and any
other conditions that could predict an irregular distribution
of the drug within the tumour, whereas the intratumoural
route is preferable for poorly perfused nodules [82].

Dosage of chemotherapeutic agent

The amount of drug administered into cells is a crucial
factor, which is proportional to the drug concentration
around the tumour. During growth, vascularization notably
decreases with the size of the tumour. In addition, following
an increase in pressure, diffusion and convection processes
decrease [13].

The required drug dosage is based on tumour size. For direct
administration into the tumour, the dose of injected drug is
smaller than the normal intravenous dose unless the tumour
volume is very large. As a result, if the tumour is very large
or a large number of tumours are going to be electroporated,
intravenous administration seems to be more convenient
than intratumoural injection [14, 83]. In previous studies,
intravenous bleomycin was mostly given at a dose of 10
or 15 mg/m? (10-20 mg/m? of body surface), and when
administered as an intratumoural injection, the dose was

usually dependent on tumour volume and varied between
0.5 and 4 Ing/crn3 (of tumour size) [14]. The dose of cis-

platin by intratumoural route was 1 mg/cm? of tumour size
[2, 37, 81].

Timing of drug administration

As tumours are inhomogeneous, in terms of drug distribu-
tion and electrical conductivity, the only way to ensure that
the drug has reached the target tissue is by performing pulse
delivery after injection of the drug [84], when an appropri-
ate drug concentration is available in the interstitial fluid
around the tumour cells [85]. With intravenous adminis-
tration, electric pulse delivery to the treated area needs to
be timed to the pharmacokinetic peak of the drug, which in
humans is between 8 and 28 minutes after its administration
[37, 85]. However, the intratumoural drug administration
requires electric pulse delivery between 1 and 10 minutes
after the injection [25, 26, 37].

Selection of appropriate electrodes

The distribution of the electric field in the target tis-
sue depends on the geometry and configuration of the
electrodes [37]. Therefore, electrodes should be carefully
selected according to shape and size of the tumour [37, 86].
The increasing number of electrode applications and elec-
trochemotherapy cycles were shown to be predictors of
superficial tumour control. This finding justifies the inser-
tion of multiple electrodes during a single procedure and
the application of more electrochemotherapy courses for
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Figure 2. Estimated mean objective response of electrochemotherapy in the management of primary and metastatic cutaneous
malignant tumours.

the patients with large and/or diffuse metastases [5]. Elec- [15, 85], row needle electrodes (type II) [15, 87], hexagonal-
tric pulses for electroporation of tissue were delivered by  centred electrodes (type III) [15, 88], and finger electrodes
different sets of electrodes, such as plate electrodes (type I) (type IV) [82]. The plate and row needle electrodes were
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limited to treatment of superficial and small tumour nodules
(<2 cm diameter), whereas hexagonal-centred electrodes
allowed the treatment of bigger (2-3-cm diameter), thicker,
and deeper-seated tumour nodules [15, 82, 88]. No differ-
ence was observed in objective response rate of the treated
tumour nodules regarding the electrodes used [15]. How-
ever, the least amount of muscle contraction was detected
when hexagonal-centred electrodes (type I1I) were used and
the strongest muscle contractions were reported with plate
electrodes (type I) [15].

Characteristics of electric pulses

Depending on the electrodes, four, six, or eight electric
pulses were delivered per application. Pulses were deliv-
ered by placing appropriate stainless electrodes on the skin
adjacent to or around the tumour. Skin contact was ensured
using electrocardiography paste and shaving when neces-
sary [22]. For electrochemotherapy of small tumours, one
series of electric pulses was recommended. [22]. However,
for the treatment of large tumours, sequential electrical
treatments were applied at adjacent positions in order to
cover the entire tumour volume [22]. The electric pulses
delivered in most reported cases were consecutive square
waves with duration of 100 ws, voltage and current ampli-
tudes of up to 3,000 V and 50 A, respectively, and frequency
of between 1 to 5,000 Hz [84]. The comparison of elec-
trochemotherapy at 1 and 5,000 Hz demonstrated similar
antitumour effectiveness [4, 15, 62, 89-91]. Therefore,
5,000-Hz frequency was selected for patients with multi-
ple nodules, because this exceeds the frequency of tetanic
contraction. As a result, delivering the electric pulses at a
repetitive frequency of 5,000 Hz not only shortens treat-
ment duration for each nodule to just 1.5 mseconds, but
also makes the electrochemotherapy treatment more com-
fortable, because the multiple delivered pulses are perceived
by the patients as a single stimulus, producing an unpleasant
sensation only once [4, 15, 62, 89-91].

Clinical responses to electrochemotherapy
for malignant cutaneous tumours

The estimate for mean objective treatment response of
evaluated studies was 83.91% (95% CI: 79.15-88.17%)
for bleomycin and 80.82% (95% CI: 66.00-92.36%)
for cisplatin. Efficacy of electrochemotherapy has been
reported to be independent of the treated tumour types
[14, 15, 42, 49, 82, 92]. Similarly, in the current review,
electrochemotherapy was found to be effective for basal
cell carcinoma [2, 21, 50, 78, 93], malignant melanoma
[2,5,12,13,17, 21,23, 36,40, 73,74, 79, 92, 94-97], cuta-
neous lesions of breast cancer [2, 63, 64, 80], squamous
cell carcinoma [2, 21, 96, 98-100], Kaposi’s sarcoma [55-
57], Merkel cell carcinoma [41, 60, 61, 96, 101], and other
tumours. The efficacy of this method is presented in more
detail in rable 2.

Correlation between electroporation efficacy and tumour
size is one of the controversial aspects. In some stud-
ies, no statistical difference was observed among the
responses when tumours were grouped according to their
size [15, 41, 95]. However, other studies showed that the
size of lesion was associated with a different response rate
[4, 11, 44, 62]. In fact, authors stated that local response

was inversely correlated with the maximum diameter of the
target lesion [102]. However, based on multivariable anal-
ysis, a tumour size equal to or less than 3 was associated
with better response to treatment [5, 44]. Another prognos-
tic variable for local control was the number of lesions, and
20 or fewer lesions showed better response [5]. The corre-
lation between response and the number of tumour nodules
might raise the possibility that some lesions could have
been electroporated beyond the recommended bleomycin
washout time [5, 81].

Side effects of electrochemotherapy

In the reviewed studies, electroporation delivery was shown
to be safe, without any major local or general adverse effects
[11, 13, 21, 30, 85, 98, 101]. In particular, no significant
modification of haemodynamic or cardiological parameters
was noticed even when the treated tumours were located in
the chest above the cardiac region. A painless contraction
of the underlying muscles was regularly observed at the
end of each pulse. However, most of the patients had no
residual pain or discomfort from the electrical pulses, either
immediately after the treatment or in the following hours
or days [11, 13, 21, 30, 85, 98, 101]. Furthermore, after a
number of hours following treatment, the only noticeable
effects were the occurrence of erythema and slight oedema
at the treated area, which soon disappeared. Therefore, all
of the observed minor adverse effects seem to be reversible
[11, 13,21, 30, 85, 98].

Discussion

Several reviews have reported on the effectiveness of
electrochemotherapy, but no recent comprehensive sum-
mary of the effectiveness of electrochemotherapy on skin
tumours has been published. In this systematic review, the
mean objective response of electrochemotherapy across all
eligible studies was estimated at 84.02% (95%CI: 80.08-
87.61%).

Systemic chemotherapy has only a palliative role, with
response rates below 25% as monotherapy [11, 103]. More
aggressive polichemo- or chemoimmunotherapeutic sched-
ules have been recommended to increase response rates,
but these are associated with high toxicity and many trials
failed to show a significant survival improvement in patients
[11, 103]. There are also other issues associated with the
management of skin metastases, such as the detrimental
impact on quality of life of the patients and the need for
significant time-consuming and costly resources, such as
nursing support and intensive dressing schedules [11].

In order to cope with these issues, enhanced delivery of
chemotherapeutic drugs to tumour cells by electropora-
tion was first introduced by Okino and Mohri [6], and
used as a new antitumour treatment strategy by Belehradek
et al. in 1993 for permeation nodules [98]. Following
this study, several clinical studies on electrochemotherapy
using bleomycin and cisplatin were initiated to treat cuta-
neous metastases of different tumours, such as malignant
melanoma, basal cell carcinoma, head and neck squamous
cell carcinoma, Kaposi’s sarcoma, adenocarcinoma of the
breast and salivary gland, hypernephroma, and transitional

EJD, vol. 28, n° 3, May-June 2018



— 309

‘asuodsau 212)dutod 1y ‘asuodsat 241102[qo YO

100°0> BLL €'06¢C (%€ 19-TLTS) %8S'8S 100°0> %89 ¥6°CIC (%19°L8-80°08) %T0'¥8 SIIpMS [V
1000 > %9L £8°8¢C (%8L Y679 ¥S) %L LL 870 %0 169 (%16'86-T0°16) %8L'S6 ewiod.es s isodeyy
1000 > %0L 79'¢ee (%TE'09-TLTE) %6E Y 1000 > %I9L o1y (%¥1°16-S7'99)%81°08 Jaoued jsearq
100°0 > %00°19 LL'6L (%17 8S-TLTh) %8S 0S 100°0 > %00°SS oL (9%11°98-0S 7L)%€9'08 ewiougUI JueusifelA|
S0 %0 88 (%8T 67-18°1€) %6€ 0F 680 %0 9E'Y %09°'$8-86'0L)% L 8L BUIOUIdIR) [[90 snowenbg
91°0 %6¢ 8¥°S1 (%1€ T16-SE VL) %69'€8 6L°0 %0 L (%SL'86-19°16) %98'S6 BUIOURIED [[I0 [Bseq
[PA9] (A5udysIsuodur) D %se6) 4D [9A9] (A5ud)sIsuodur)

douedYIUSIg A 0 10§ djeuInSH dULIYIUSIS P | 0 (1D %S6) 9O 10j ewnsy
odAy anowng,

Jsuodsax 9a1duro) asuodsax 3AnRIqQ

‘sisATeue pajood 193Je ‘sasuodsar (939]dwoo) 2A1392(qO J0J UBIW pajewns? Y], *7 AqEL

EJD, vol. 28, n° 3, May-June 2018



cell carcinoma of the bladder [14, 29, 30, 81, 92]. The basic
mechanism of electrochemotherapy accounts for the high
response rate regardless of histological type. Electropora-
tion is a physical phenomenon that can be applied to all
types of living cells [22]. This is due to the fact that, besides
membrane permeabilization and magnification of drug
cytotoxicity, the application of electric pulses to targeted
tissues induces areversible and transient decrease of tumour
blood flow (around 80% reduction) [5, 36, 76, 104, 105].
This transient vasoconstriction at the arteriolar level, called
“vascular lock”, leads to drug entrapment in the targeted tis-
sue [5, 36, 76, 104, 106]. As a consequence, the uptake of
chemotherapeutic drugs into the tumour vascular endothe-
lial cells leads to unrepairable damage to tumour vessels
and to a further decrease in tumour blood flow within hours
after electrical treatment [76], which breaks down the nutri-
ent supply and causes death of tumour cells [76]. The
synergism of these mechanisms accounts for the notable
results for the treatment of all histological types of tumours
[5, 14, 15, 42, 92], in which a mean objective treat-
ment response of 83.91% and 80.82%% was shown after
electrochemotherapy with bleomycin and cisplatin, respec-
tively. Similar to the previous reviews [107], in general,
basal cell carcinomas showed highest objective and com-
plete response among all types of tumours. The differences
in effectiveness of electrochemotherapy in various clinical
studies might be due to heterogeneous treatment conditions
(i.e. tumour characteristics, patients’ features, drug type,
route of drug administration, and electroporation settings)
[107].

In order to resolve various controversies regarding the
clinical application of this method, a guideline for stan-
dard operating procedures for electrochemotherapy was
provided in 2006 to unify application strategies in order
to conveniently treat patients with cutaneous and sub-
cutaneous nodules by electrochemotherapy [81]. The
guideline recommended that all patients should undergo
full history-taking, clinical examination, ECG, and the
following laboratory tests, before the therapy: full blood
count, INR and sodium measurements, potassium, chlo-
rine, phosphate, magnesium, urea, creatinine, bilirubin,
AST, ALT, AF, v-GT, LDH, and creatinine clearance
[80, 81].

The adverse effects of electrochemotherapy seem to be mild
and transient. In most of the studies, complications such
as erythema, oedema, and pain appeared immediately and
resolved after a few days [108]. Late side effects and sys-
temic toxicity were also mild due to low chemotherapy drug
doses [108].

Post-procedure pain seems to be associated with moder-
ate or severe pain before treatment, size of the largest
treated lesion, previous irradiation, and a high level of cur-
rent [15, 22, 85, 101]. Patients at risk of post-procedure
pain could be identified at the pre-treatment visit, and/or
at the time of treatment, to provide a pain management
strategy for them [101], because the unpleasant sensation
can be totally managed by local or general anaesthesia
[15, 22, 85]. Whether electrochemotherapy is administered
during general anaesthesia or only with local anaesthetics
depends on the patient and physician as well as the loca-
tion, condition, number, and size of the tumours [14, 81].
Additionally, epinephrine is often administered to provide a
vasoconstrictive effect, which is beneficial as it would pre-
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vent washout of the injected drug prior to electroporation
[12, 14, 42, 81, 109].

According to the studies, the main technical pitfalls and
difficulties for optimal tumour electroporation are based on
the following [81, 102]:

(1) Electrochemotherapy is contraindicated in patients with
known allergy to the drug, interstitial lung fibrosis, cumu-
lative bleomycin dose of >400,000 Ul/m2, and chest wall
location of lesions and pacemakers [81, 82].

(2) Electrochemotherapy of a large tumour might be diffi-
cult due to the required repeated time-consuming electrode
applications, considering the available window after drug
injection [102, 110].

(3) Electrochemotherapy of large tumour size (>3 cm)
might be an issue due to the technical impossibility of
reaching the inner portion of the tumour at first application
[102].

(4) Electrochemotherapy of previously irradiated fields
could be problematic, due to partial electrode needle pene-
tration and suboptimal electrical current delivery in fibrotic
tissue [102, 111].

However, the results of the studies demonstrate that
electrochemotherapy is a feasible, inexpensive, and easy-to-
operate local treatment with no significant adverse effects
or patient discomfort [12, 15, 21, 30]. Electrochemotherapy
using low doses of chemotherapeutic agents is very specific
to tumour cells and causes no damage to healthy peripheral
tissue [112, 113]. This method is not only effective for ther-
apy and local control of primary skin cancers [2, 114], but
can also be used in patients with only in-transit metastases
or regional diseases, or as a complement to other modalities
in patients with distant metastases [95, 114]. The method
may also be used as a first-line treatment, for example,
for the treatment of non-operable primary [79] or recurrent
melanoma [74] in which organs are spared, for alleviation
of pain or reduction of tumour bleeding in the palliative
setting [12, 112], as well as a neoadjuvant treatment before
conventional treatment [15, 79].

From the technological point of view, new pulse genera-
tors and different electrode types have been provided for
the treatment of deep-seated tumours or those located in
more challenging anatomical sites, such as the oral cav-
ity or the anal canal [84, 90]. Furthermore, administration
of new drugs, such as calcium or a combination of elec-
trochemotherapy and immunotherapeutic compounds (such
as Dabrafenib or Ipilimumab) and biological response mod-
ifiers, such as IL-2 [42, 45, 115-123], in order to target
distant and non-electroporated lesions, could broaden the
therapeutic indications of electrochemotherapy [90, 122].
This might be a strategy to obtain better long-term local
and systemic control of skin tumours, which may hopefully
lead to an increase in overall survival and improvement of
patient’s quality of life, within a multidisciplinary oncolog-
ical approach [29, 122]. However, further new randomised
controlled trials are warranted to compare the efficacy and
safety of electroporation-mediated skin cancer therapies
with current approved management guidelines. H
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