Artemyeva T.P., Tzerkovsky D.A.
Photodynamic therapy for vulvar leukoplakia

PHOTODYNAMIC THERAPY FOR VULVAR LEUKOPLAKIA

Artemyeva T.P., Tzerkovsky D.A.
N.N. Alexandrov National Cancer Center of Belarus, Minsk, Belarus

Abstract

The aim of study is to evaluate the tolerability and effectiveness of photodynamic therapy as an organ-preserving treatment in patients with vul-
var leukoplakia. 50 patients with a verified diagnosis of «vulvar leukoplakia» were included in the study. The age varied from 27 to 74 years. The
method of treatment assumed the use of the photosensitizer photolon (RUE «Belmedpreparaty», Belarus) administered intravenously in doses of
1.8-2.5 mg/kg. Photoirradiation of pathological foci was carried out 2.5-3 hours after intravenous injection of photolon” using a semiconductor
laser «<UPL PDT» (LEMT, Belarus, A=661 nm) at exposure doses from 30 to 100 J/cm? with a power density of 100-170 mW/cm?. The treatment was
performed under medical anesthesia. The results of treatment were evaluated using clinical data. Adverse reactions and complications after
the introduction of the photosensitizer and photoirradiation have not been observed. Complete clinical regression of the treated pathological
foci was noted in 100% of cases with a follow-up observation 1 month after the treatment. At follow-up after 3 months, local recurrences of the
disease were detected in 4 cases, which were successfully treated with repeated photodynamic therapy sessions. The percentage of complete
regressions was 92%, partial - 8%. The obtained results allow judging on the possibility of using photodynamic therapy in the treatment of
patients with vulvar leukoplakia, which allows to preserve the organ and obtain a satisfactory functional and cosmetic result.
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OOTOAMHAMMYECKAS TEPANMS NP NEMKOMNAKNM
BYJ1bBbI

T.M. Aptembeeq, [1.A. Liepkosckui
PecnybankaHCKui HayYHO-NPAKTUHECKMHM LIEHTP OHKOSIOTMM U MEAMLMHCKOMN PAAMONOMMUM
um. H.H. Anexcanaposa, Murck, benapyck

Pesiome

Llenbto paHHOM paboTbl Gbiia OLeHKa MePeHOCMMOCTN 1 SGPEKTVBHOCTY POTOAVHAMUYECKON TePanUn Kak OPraHOCOXPaHALEro Metofa
JleYeHMA y NaLMEHTOK C JIeliKonaknen BynbBbl. B nccnegoBaHve 6bi10 BKAOUeHO 50 MaumneHToK ¢ BepudULMPOBaHHbIM ANAarHO30M feii-
Konnakumsa By/nbBbl. BO3pacT XeHLWuH BapbrpoBan ot 27 fo 74 net. MeTop neuyeHvs nNpeanonaran Ucnonb3oBaHrie poToceHcnbrnmsatopa
doTonoH (PYIN «benmepnpenapatbi», benapycb), KOTOPbI BBOAWSIN BHYTPUBEHHO B fo3ax 1,8-2,5 mr/kr. O6nyyeHMe nNaTonornyeckrix o4aros
oCyLlecTBAANM Yepes 2,5-3 4 noc/ie BHyTPUBEHHOrO BBeAeHNA GOTOMOHa C MOMOLLbIO NOAYNpPoBOAHMKOBOrO nasepa «YIMJ1 OAT» («LEMT»,
Benapycb, A=661 HMm) B fo3ax oT 30 fo 100 []>k/cM? C NNOTHOCTbIO MOLYHOCTY U3lyyeHus 100-170 MBT/cm?. JleueHre ocyLIeCTBAANN NOA MeAM-
KaMeHTO3HbIM 06e360/BaHNeM. Pe3ynbTaTbl NeyeHns OLeHUBaIN MO KIMHUYECKUM JaHHbIM. HexxenaTenbHbiX peakuyuii mocne BBeAeHus
doToceHcmbunmsaTopa 1 fanbHenwero 0bnyyeHns 3aperncTpupoBaHo He 6b110. [NofHaA KNMHMYeCKas perpeccus nposieYeHHbIX NaToNoru-
YecKux oyaroB otmeyeHa B 100% ciiyyaeB Npvi KOHTPONbHOM HabsiofeHNN Yepes 1 Mec noce NPoBefEeHHOTrO fieyeHus. Mpy KOHTPONIbHOM
HabnogeHnn yepes 3 Mec y 4 NaLMEeHTOK BbisiB/IEHbI JIOKaJIbHble 04ary NpoLOSIKEHHOTO POCTa OMyXOJn, KOTOPbIE b YCMELHO NPOoJieYeHbl
C NMOMOLLbIO MOBTOPHOIO Kypca GpoTognuHaM1UecKon Tepanun. YactoTa NosiHbIX perpeccuin coctaBuna 92%, YacTuuHbIx — 8%. MonyyeHHble
pe3ynbTaTbl NO3BOAAIOT CYAUTb O BO3MOXKHOCTUN MPUMEHEHNA GOTOANHAMMNYECKO Tepaniy B IeYeHN NaLMeHTOK C IefKomnsiakuei BybBbl C
COXpaHeHVEeM LieSIOCTHOCTI OpraHa npw Nosly4YeHy yA0BIETBOPUTENIbHOTO GYHKLIMOHANIBHOTO 11 KOCMETUYECKOro pe3yribTaTa.

KnioueBble cnoBa: ¢OTO,E[VIHaMVIHeCKaﬂ Tepanus, ¢OTOC€HCM6W’IVI3aTOp, ¢OTOJ'IOH, nenkonnakna BYynbBbl.

Ona untnposaHua: Aptembesa T.M1., LiepkoBckuin [I.A. DoTogmHamuyeckan Tepanua npu nenkonnakuu Bynbsbl // Biomedical Photonics. —
2018 -T.7,N2 4. - C.4-10. doi: 10.24931/2413-9432-2018-7-4-4-10.

KoHTtakTbi: LlepkoBckuin [1.A., tzerkovsky@mail.ru
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Introduction

In the last decade, an increasing number of patients
with dystrophic diseases of the vulva (DDV) has been
observed, occupying from 1% to 10% in the structure
of gynecological pathology [1]. These diseases defined
as «neurodystrophic diseases» include lichen sclerosus
(lichen, kraurosis), squamous hyperplasia (leukoplakia)
and vulvar intraepithelial neoplasia (VIN) of the vulva)
[2]. Leukoplakia of the vulva (LV) is a main manifestation
of the squamous hyperplasia, which is a DDV involving
non-keratinized stratified squamous epithelium. In the
epidemiological structure of benign lesions of the vul-
va, over 50% of cases are squamous hyperplasia, 25% of
cases are lichen sclerosus, and remaining 25% of cases
include their association [3]. This group of diseases is also
characterised by a high risk of malignancy: in the setting
of kraurosis, the risk of malignancy is 9%; in the setting
of VIN, it is from 6% to 18%; and when both processes
are combined, the risk is 60% [4]. Thus, given the dura-
tion and severity of the disease course as well as the high
probability of malignancy, the search for effective meth-
ods of treating this pathology is an urgent problem of
modern medicine [5].

The main method of treating patients with DDV is a
surgery. In most cases, the excision of nidi is performed;
when the disease extent is significant, the vulvectomy is
used. The advantage of this treatment method is a pos-
sibility of histological verification in tissues of removed
nidi to estimate the risk of malignancy; the disadvantages
include injuries, the risk of postoperative complications
and, in some cases, poor cosmetic results. In addition, ac-
cording to the literature, the rate of local recurrence after
vulva surgeries is from 30% to 46% [71].

The key non-surgical methods of treating DDV are
laser CO, coagulation and vaporization of pathologi-
cal areas of the vulva with a radiation intensity of over
1,000 W/cm?. Unlike surgical treatment, these therapeu-
tic modalities provide a good cosmetic result, but, like
surgical treatment, they do not affect etiopathogenetic
mechanisms of diseases, which is the reason for the de-
velopment of local recurrence in the early posttreatment
period. The rate of local recurrence after laser CO, coagu-
lation and vaporization ranges from 15% to 48% [8, 9.

A relevant research direction is the use of high-inten-
sity focused ultrasound, which is characterized by high
tolerability, a high rate of histologically proven complete
regressions (up to 88.9%) and a long period of the remis-
sion (up to 6 months) [10].

The imiquimod immunomodulator has certain thera-
peutic opportunities [11]. During its use, the local recur-
rence rate is over 40% [12]. The use of application forms
of 5-fluorouracil in the treatment of DDV features a low
rate of complete regressions (up to 34%) and adverse
events (burns of the 1st and 2nd degree, painful ulcers)
[131.

The main reasons for the search for new methods
of treating DDV are the frequent recurrence of the pro-
cess, the long and persistent course of the disease, the
unreasonable and ineffective use of drugs, which lead to
the development of various psychosomatic disorders in
patients that have an adverse effect on their body state
and the deterioration in women'’s quality of life. The ex-
isting non-surgical therapies relieve the main symptom,
itching of external genital organs, but they do not fully
eliminate local morphological manifestations of the dis-
ease, do not provide durable remissions and require the
long period of treatment. In addition, the long-term non-
surgical treatment does not prevent malignancy of the
disease.

One of the most promising directions for the treat-
ment of DDV is photodynamic therapy (PDT). This treat-
ment method is based on the use of a special substance
- a photosensitizer (PS) — whose cytotoxicity is manifest-
ed when it is exposed to laser irradiation with a specific
wavelength. The results of pre-sensitized tissue irradia-
tion are apoptosis, autophagy and ischemic necrosis of
the irradiated tissues [14].

The main PSs used for PDT of DDV are 5-aminolevu-
linic acid (5-ALA), chlorine derivatives and dyes [15-17].
The main researches are aimed at studying the efficiency
of PDT of DDV with topical application of photosensitiz-
ing agents. However, the efficiency of treatment with
topical application of the chlorine based PS is low com-
pared to traditional methods (there is no effect in more
than 30-40% of cases) [18].

The majority of published abroad clinical studies,
which confirm the PDT efficiency, are devoted to the use
of application forms of 5-ALA as a PS.

According to P. Hillemanns et al., PDT (with laser irra-
diation energy density of 100 J/cm? A =635 nm) with top-
ical application of a 20% solution of 5-ALA in 25 patients
with VIN of the 1st to 3rd degrees allowed to achieve a
high rate of complete regressions (CR): for VIN of the 1st
degree and monofocal and bifocal lesions of the 2nd and
3rd degrees, this value was 100%; for a multifocal form of
the disease, it was 27% [15].

M. K. Fehr reported on 66% of clinical CRs and 57%
of histologically proven CRs for PDT (with laser irradia-
tion energy density of 80-125 J/cm?, A = 635 nm) with
application of a 10% gel form of 5-ALA in 22 patients
with VIN of the 2nd and 3rd degrees [19]. A. Zawislak
et al. presented the experience of treating 23 patients
with VIN of the 2nd and 3rd degrees using PDT (with
laser irradiation energy density of 100 J/cm? \ = 635
nm) with a 20% solution of 5-ALA. The authors report-
ed on 52% of clinical CRs and 38% of histological CRs
[20].

The CIS countries have a considerable experience
in application of PDT with chlorine based PSs (fotodi-
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tazine, photolon, radahlorin) in the treatment of pa-
tients with DDV. For example, O. B. Otdelnova report-
ed on the outcomes of treatment of 6 patients with
benign vulvar diseases (lichen sclerosus of the vulva,
squamous hyperplasia of the vulva). The authors used
the fotoditazine as a PS (intravenous infusion at a dose
of 1 mg/kg + application of 1 ml of 0.5% penetrator
gel). Irradiation was performed using an «Atkus-2 »
semiconductor laser with laser irradiation energy den-
sity of 100-200 J/cm? under topical anesthesia with a
2% lidocaine solution. The efficiency assessment was
based on physical examination data and the presence
of clinical symptoms of the disease (itching). During
follow-up after 3 months, the therapeutic effect per-
sisted. Itching relief was observed in 3 out of 4 patients
with lichen sclerosus; data of cytological examination
of scraping and vulvoscopy showed the complete cure
in all patients with squamous hyperplasia. A good cos-
metic result was reported in all cases. However, such
an adverse event as a severe pain syndrome was ob-
served in all patients during photoradiation, which
limited the application of a therapeutic dose of irratia-
tion to the nidi [18].

E. A. Chulkova reported on outcomes of PDT with a
20% ointment of 5-ALA in 90 patients with dystrophic
and premalignant diseases of the vulva. The average ra-
diation power was 1.5 W in the spectral range of 630+10
nm. The authors noted that PDT with the 20% ointment
of 5-ALA proved to be an effective method that minimal-
ly injures the healthy vulvar tissue, which is very impor-
tant for young and middle-aged patients [21].

O. V. Makarov presented the experience of treat-
ing 97 patients with DDV: lichen sclerosus of the vulva
was verified in 75 (77.3%) patients, squamous hyper-
plasia of the vulva was verified in 18 (18.6%) patients,
and mixed dystrophy was verified in 4 (4.1%) patients.
PDT was performed with the fotoditazine: the PS was
administered via IV infusion at a dose of 1 mg/kg
(n=64) or applied topically as a 0.5% penetrator gel
(n=33). Irradiation was carried out in a continuous or
fractional mode with laser irradiation energy density
of 100-250 J/cm? (A=630 nm). The authors observed
a high rate (90.6%) of CRs for intravenous administra-
tion of the PS and 78.8% of CRs for topical applica-
tion. One year after the PDT session, the recurrence
rate was 9.1% in the 1st group and 22.6% in the 2nd
group [22].

A. Z. Khashukoeva performed PDT of 50 patients with
DDV (lichen sclerosus, squamous hyperplasia, mixed dys-
trophy) using the fotoditazine (1mg/kg). The author re-
ports a 94% of CRs (clinical) when using laser irradiation
energy density of 100-250 J/cm? (A=662 nm) [23].

The purpose of this work is to assess the efficiency,
safety and cosmetic results in patients with DDV treated
with PDT with the photolon PS.
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Materials and methods

The study included 50 patients with the morphologi-
cally verified diagnosis of leukoplakia of the vulva. The
patients were from 27 to 74 years old.

The clinical diagnosis was made on the basis of com-
plaints, history and examination of patients, vulvoscopy
and the results of the morphological (histological and/or
cytological) examination of the pathologically changed
tissues of the vulva.

The criteria for patient enrollment in the study of PDT
were histological and cytological validation of the diag-
nosis, the absence of the severe comorbidity and a writ-
ten consent to treatment. The treatment was carried out
on an outpatient basis.

The PS was Photolon (RUE «Belmedpreparaty», Be-
larus), which is a complex of trisodium salt of chlorin e,
with polyvinylpyrrolidone. The PS was dissolved in 200
ml of physiological saline and was administered via IV in-
fusion at doses of 1.8-2.5 mg/kg-BM of the patient in a
darkened room.

A PDT session was conducted 2.5-3 hours after the
PS administration using a «UPL PDT» semiconductor laser
(«Lemt», Belarus, A=661 nm). The radiation was supplied
using a light cable equipped with a microlens («Biospec»
LLC, Russia), which has a homogeneous distribution of
the irradiation energy over the light spot.

The size of irradiation fields varied from 1.5 to 2 cm;
the number of fields ranged from 1 to 4; the power den-
sity was from 0.1 to 0.17 W/cm? the light dose was from
40to 100 J/cm?. The duration of a PDT session varied from
10 to 30 minutes depending on the number of irradia-
tion fields. The irradiated area always included 3-5 mm of
normal tissues from the edges of the afflicted zone.

Due to particular sensitivity of the treated area, pre-
medication with non-narcotic analgesics (Ketorolac, in-
tramuscularly, 4 ml) was carried out 15-20 minutes be-
fore the session for the pain management.

The nidus response to the treatment was evaluated
immediately after the PDT session and after 1, 7 and 30
days.

The tolerance of the treatment was estimated based
on the frequency and severity of adverse events using
the analysis of CTCAE criteria (version 4.0).

Antitumour effects of the PDT with photolon were
assessed based on visual observation of changes in the
area of treated nidi and information on the presence or
absence of clinical symptoms of the disease (itching in
the vulva for leukoplakia) 1 and 3 months after the treat-
ment (WHO criteria):

« a complete regression (CR) is the absence of all
signs of the disease after 100% resorption of nidi 1
month after the PDT, confirmed 3 months after the
treatment;

a partial regression (PR) is a decrease in the total size
of the nidi by 50% or more with subsequent stabi-
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lization established after 1 month and confirmed 3
months after the PDT session;

- lack of effect is a decrease in the total size of the nidi
by less than 50%, a condition without a decrease or
increase in the affected area.

Results and discussion

All patients that observed the light regime for 3-4
days after the treatment had no adverse events associ-
ated with skin phototoxicity (superficial skin burns, hy-
popigmentation and hyperpigmentation, face soft tis-
sues oedema).

During the infusion of the photosensitizer, the condi-
tion of the patients was satisfactory, no adverse events
were observed. No allergic reactions accompanied by
major organs dysfunction (drop of blood pressure, bron-
chospasm, generalised urticaria, etc.) and requiring to
stop infusion were recorded.

Oedema and hyperthermia of irradiated areas with
nidi were observed in all patients immediately after the
PDT session. A brown or black photochemical necrotic
scab clearly separated from normal tissues was formed
within 2-4 days. Complete epithelialization of the irradi-
ated area was observed 4-8 weeks after the PDT.

PDT sessions were accompanied by moderate pain,
which was managed with drugs (2% Ketorolac, intra-
muscularly, 4 ml) or by a decrease in a laser irradiation
power density with an unchanged light dose. In 15 pa-
tients (30% of cases), the pain persisted for 3-7 days after
the treatment (CTCAE, version 4.0; 1st and 2nd degrees).
5 patients (10% of cases) showed a slight increase in body
temperature (up to +37.3-37.5°C).

Clinical signs of the complete regression were ob-
served in all patients with leukoplakia of the vulva during
the follow-up after T month. The CR rate was 100%. The
second PDT courses were conducted due to an extensive
nidi area and impossibility of their simultaneous irradia-
tion because of the moderate pain.

Local nidi of the continued tumour growth were de-
tected in 4 cases out of 50 (8%) during the follow-up after
3 months, which were successfully treated using another
PDT course. The CR rate at this time point after the treat-
ment was 92%, and the PR rate was 8%.

In the follow-up period of 6 months, a sustained re-
mission of the clinical symptoms of the disease (itching in
the vulva) in the treated nidi was observed, including 8%
of cases where the second PDT course was conducted af-
ter the PR achievement.

As a result of the study, the following indications for
PDT in patients with leukoplakia of the vulva were deter-
mined:

1. amorphologically verified diagnosis;

2. primary and recurrent forms of the disease;

3. resistance to traditional (non-surgical) methods of
treatment;

4. a patient’s refusal to be treated with traditional
methods;
5. multiple lesions.
The main advantages of PDT are:
1. minimal toxicity for normal tissues located close to
nidi;
2. the minimal risk of severe pain and other adverse
events;
the lack of treatment resistance;
the possibility of repeated treatment sessions;
5. the possibility of combination with traditional
methods of treatment;
6. the possibility of application when the process is
advanced;
good cosmetic results;
the possibility of organ preservation treatment;
9. therelatively low price and availability of treatment.
The outcomes of the PDT with photolon are con-
firmed by the following clinical example.
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Clinical example

Patient Ya. (outpatient card No. 5747/06), 62 years old.
She was followed up with complaints of severe itching in
the vulva since 2006. Leukoplakia of the vulva was diag-
nosed. In 2008-2010, surgeries were performed due to
the main disease. The progression in the treatment area
was observed since 2011. Non-surgical methods of treat-
ment were ineffective.

The patient was referred for consultation and treat-
ment to the Republican Research and Practice Centre
of Oncology and Medical Radiology named after N. N.
Aleksandrov. After the consultation with specialists and
histological examination, the diagnosis was made: leu-
koplakia of the vulva, recurrent form. Treatment with
PDT was recommended. Treatment: on November 21,
2012, the patient was given a PDT course with photolon
administered intravenously at a dose of 2.5 mg/kg (200
mgq) in hospital environment. Nidi in the vulva and peri-
anal area were irradiated using a «UPL PDT» semicon-
ductor laser (A=661 nm) in a darkened room 3 hours af-
ter the PS administration. 3 fields of 2 cm diameter were
irradiated with a light cable equipped with a microlens
at a laser irradiation energy density of 50 J/cm?, a power
density of 0.1 W/cm? and a radiation power of 0.3 W for
9 minutes per field. The effect in the form of growing
necrosis was observed by the end of the first week after
the treatment.

After the release from the hospital, the woman per-
formed non-specific therapy of the irradiated area. The
completion of the epithelialization processes was record-
ed by the 6th week.

On February 21, 2013 (after 3 months), the signifi-
cant improvement in the treatment zone and the lack
of complaints were noted during the follow-up clinical
examination (Fig. ¢).
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C

Puc. Jleiikonnakua BynbBbl, coctosiHue nocne ®PAT ¢ doTosioHOM B Ao3e 2,5 Mr/Kr (NNOTHOCTb 3HEPruv Nas3epHoro o6ayyveHus

50 k/cm?):
a — cocTosiHue Yyepe3 24 4 nocne OAT;

b — nonHas perpeccusi 4epe3 1 mec nocne NPoBeAEHHOIO0 JIe4YEeHUS;
C — NnosnHas perpeccus 4yepes 3 Mec nocsie NPOBEAEHHOr0 JieyeHus
Fig. Vulvar leukoplakia. The state after PDT with photolon at a dose of 2.5 mg/kg and exposure dose of photoirradiation of 50 J/cm?

a — 24 hours after PDT
b — complete regression 1 month after the treatment;
¢ — complete regression 3 months after the treatment.

Conclusion

The outcomes of the clinical use of the PDT with
photolon in the treatment of patients with background
and premalignant diseases of the vulva presented in this
study indicate its high therapeutic efficacy, minimum
adverse events and good cosmetic results. During the
follow-up, the complete regression of the nidi was ob-
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