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Abstract

Photodynamic therapy is an effective method for treating superficial forms of malignant neoplasms, characterized by a minimal risk of damage to
normal tissues. In this study, we presented our experience of treating cancer of the oral mucosa using photodynamic therapy, and analyzed the
immediate and long-term results of treatment. 38 patients with squamous cell carcinoma of oral cavity mucosa, with a depth of invasion no more
than 7 mm, were included in the study. All patients underwent photodynamic therapy with chlorine e6 based photosensitizer. Photosensitizers
were administered intravenously 3 hours before irradiation, at a dosage of 1 mg/kg of the patient’s weight. Photodynamic therapy was performed
with the following parameters: P - 1.0 W, Ps — 0.31 W/cm?, E — 300 J/cm? The area of one irradiation field ranged 1.0-2.0 cm?. Treatment effect was
evaluated by RECIST 1.1. Overall survival, cancer-specific survival, and disease-free survival were calculated using Kaplan-Meier curves. Evaluation
of adverse events was made by CTCAE 5.0 criteria. At 35 (92.1%) out of 38 cases, complete regression was observed after photodynamic therapy.
Among them in 3 out of 35 patients relapse was diagnosed in 11.5 to 43.2 months. The total number of patients who didn’t respond to treatment
was 6 (15.8%). Follow-up period was 4.2-87.3 months. (mean 42.9). 34 (89.5%) out of 38 patients are alive, 1 (2.6%) died from progression, and three
died from other causes. The 5-year overall survival rate was 82.1%, cancer-specific survival rate was 97.0%, and disease-free survival rate was 81.1%.
Among the factors significantly (p < 0.05) influencing relapse-free survival: depth of invasion < 5 mm (p - 0.013) and the presence of leukoplakia (p
-0.007). When assessing cancer-specific survival, factors worsening the prognosis were: age >70 years (p — 0.034) and the presence of leukoplakia
(p - 0.007). Photodynamic therapy is an alternative treatment method of oral cancer superficial lesions, in case of proper assessment of primary
lesion and in case of possibility of full irradiation of the tumor. Moreover, after using photodynamic therapy, the underlying connective-muscular
structures are preserved, which promotes rapid healing with minimal scarring, the functions of the affected organ remain intact, and cosmetic
defects do not form.

Key words: photodynamic therapy, squamous cell carcinoma of the oral cavity, leukoplakia, prognosis factors for oral cancer, survival rate for oral
cancer.
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MHWMOW um. N.A. Tepuera — dpunman PIEY «HMULL paanonormms Munsapasa Poccuy,
Mocksa, Poccus

SOBHUHCKUIM MHCTUTYT aTOMHOM sHepreTvkn — dunvan PTAQY sbicwero obpa3osaHms
HAIY «<MUNDW», OBHuHck, Poccus

ADIAQY BO «Poceurickuit yrmsepcuteT apyx6bsl Hapopos», Mockea, Poccus

SPIBY «<HMUML paguonorun> Munsgpasa Poccuu, Oburck, Poccus

QoToarHammuyeckas Tepanus ABNAETCA 3GPEKTUBHbIM METOLOM JIeUYEHUs MOBEPXHOCTHLIX GOPM 3/10KaUeCTBEHHbIX HOBOOOPA30BaHMIA,
XapaKTepu13yOLMMCA MAHUMANbHBbIM PUCKOM MOBPEXAEeHUA HOPMasibHbIX TKaHel. B JlaHHOM nccnefoBaHyv Mbl MPeCTaBUAN OMNbIT leUeHUs
paka cim3mncTon 060104KM NOMOCTY PTa NPY NoMoLLM GOTOANHAMUYECKO Tepanui, MPOaHaANM3MPOBaIN HEMOCPEACTBEHHbIE U OTAANIEHHbIE
pe3synbTaTbl neyeHus. B rpynny 6biny BKIoUeHbl 38 NaLMEHTOB C MIIOCKOKIETOYHBIM PakoM CIIM3UCTON 060IOUYKM MONOCTY pTa C My6uHoM
MHBa3uUn He 6onee 7 Mm. Bcem naumeHTam BbinoniHeHa oToanHammnyeckas Tepanus ¢ oToceHCbMNM3aTopom Ha OCHOBE XJTIopuHa e6. PoTo-
ceHcmbunmsaTop BBOAWIV BHYTPUBEHHO 3a 3 Y o 06nyyeHus, B Ao3npoBKe 1 Mr/Kr Beca nauyueHTa. Mapametpbl 061yyYeHWA: MAOTHOCTb
MOLLHOCTY Ha BbIXoAe BoslokHa — 1,0 BT, nioTHocTb mowHoctu — 0,31 BT/cv?, cBeToBas go3a — 300 [Ix/cm?. Mnowaab ofgHOro nons obnyue-
Hus cocTaBnsana 1,0 — 2,0 cv? 3ddeKT oT neyeHns oueHnsanu no cucteme RECIST 1.1. O6Lwas BbIXKMBAeMOCTb, KaHLEP-CneunduiHan Bbu-
BAaEMOCTb 1 6e3peLnanBHas BbIXXMBAEMOCTb Obl onpegeneHbl Npy nomoLm Kprebix KannaH-Manepa. OueHKa HeXkenaTesibHbIX ABEHNUN
npowusBefeHa no Kputepuam CTCAE 5.0. Y 35 (92,1%) n3 38 naumeHTOB MosyyeHa MosiHaA perpeccus onyxoneBoro ovara nocne OAT, n3
HUX peunavB 3aboneBaHyA BbisiBeH y 3 13 35 naumeHToB B cpoku ot 11,5 go 43,2 mec. ObLlee KONMYECTBO NaLMEHTOB, HE OTBETUBLUMX Ha
neyeHne, coctaBmno 6 (15,8%) yenosek. O6WMIA Neproa HabnloaeHNA NauneHToB cocTaBun 4,2-87,3 mec (B cpeHem 42,9 mec). 34 (89,5%) 13
38 naumeHToB XuBbI, 1 (2,6%) ymep OT MporpeccrpoBaHyis 3abosieBaHUsA, TPOe Normbnv No ApyrumM NpuyrHaMm. 5-NeTHU nokKasaTenb obLueit
BbIXKVMBAaeMOCTV cocTaBumn 82,1%, KaHuep-cneymduyiHom Bbixknsaemoctu — 97,0%, 6e3pelmanBHasn BblXXMBaemMoCTb cocTaBuna — 81,1%. Cpeau
$aKkTOpOB AOCTOBEPHO (p < 0,05) BAMAIOLLIMX Ha 6e3peLnanBHYI0 BbIXMBAEMOCTb: Fy6MHa MHBa3nu < 5 mm (p 0,013) 1 Hanuure nenKonnakum
(p 0,007). MNMpw oLeHKe KaHLep-cneurndUuIHON BbKMBAEMOCTY haKTopamMu, yXyaLaloLWwmumMm NporHos, ctanu: Bospact >70 neT (p 0,034) n Hanw-
yne nerikonnakum (p 0,007). DoTognHaMmmyeckas Tepanms ABIAETCA afbTePHATVBHbIM METOAOM JIeUEHNS MOBEPXHOCTHbIX OYaroB paka noso-
CTV pTa, NPV afeKBaTHOW OLieHKe PacnpOCTPaHEHHOCTY NEPBUYHOTO oYara 1 BO3MOXXHOCTM MOSIHOLEHHOrO 06nyyeHnsa onyxonu. Mpw aTom
nocne npumeHeHna OAT coxpaHATCA Nofsiexalyme COefUHUTENBHO-MbILEYHbIE CTPYKTYPbI, YTO CMOCOOCTBYET ObICTPOMY 3aXKUBNEHUIO C
MUHVManbHbIM PY6LIOBbIM MPOLIECCOM, OCTAIOTCA COXPAHHBIMU QYHKLMY MOPAKEHHOTO OpraHa 1 He GopPMUPYIOTCA KocMeTndecKme gedeKTbl.

ORIGINAL ARTICLES

KnioueBble cnoBa: GoTognHaMmyecKas Tepanis, MIOCKOKIIETOUHbIN paK MOIOCTM PTa, NENKOMIaKMs, pakTopbl MPOrHO3a paka nosiocTu pTa,
BbIKMBAEMOCTb MPY PaKe MoaocTy pra.

KoHTakTbi: [MaHaceinkuH t0.A., e-mail: deus2@bk.ru
Ana untupoBaHma: lNaHacenkuH O.A., KanuHyc B.H., ®unoHenko E.B., lMonbkuH B.B., CespiokoB O®.E., CmupHoBa M.A. Vcaes [.A.,

MBaHoB C.A., KanpuvH A.[l. PesynbTaTbl neuyeHuns 60MbHbIX pakom MOIOCTY pTa NPy NoMoLLy GOoTogUHAMUYECKON Tepanuu ¢ GoToceHcMbunmnsa-
TOPOM Ha OCHOBE XJiopuHa €6 // Biomedical Photonics. - 2024. - T. 13, N2 1. — C. 28-38. doi: 10.24931/2413-9432-2024-13-1-28-38.

Introduction of the tumor usually requires the administration of

Currently, the main method of treatment of oral
squamous cell cancer (SCC) is surgery [1]. Surgical
treatment allows adequate staging of the cancer process
and identification of prognostically unfavorable factors
requiring adjuvant treatment [2]. However, even in initial
oral cavity SCC (T1-T2), a reconstructive-plastic stage is
performed in 86%. According to a meta-analysis, in the
surgical treatment of oral cavity SCC, small defects are
replaced with local flaps in 45% of cases. If necessary,
in 41%, microsurgical free flap transplantation is used
[3]. Such extensive surgical interventions undoubtedly
increase surgical trauma and rehabilitation time. The
quality of speech, the act of swallowing deteriorates, and
the cosmetic result is not always satisfactory, which in
turn reduces the quality of life [4-6].

An alternative to surgical treatment of oral SCC is
chemoradiation therapy in a stand-alone option [7].
The difficulties of radiation treatment of oral cavity SCC
are associated with the fact that radiation eradication

total doses exceeding the tolerance of the surrounding
normal tissues. This leads to adverse events such as
mucositis, osteomyelitis, dysgeusia, hyposalivation, and
radioinduced oncopathologies [8].

Photodynamic therapy (PDT) can be used as an
independent technique for radical treatment of oral
cavity SCC (T1-T2) with comparable antitumor results
with conventional treatment methods. Many adverse
events associated with surgical and chemoradiotherapy
treatment are minimized or absent [9-13]. In a
retrospective meta-analysis comparing the results of
treatment of oral cavity SCC with surgery and PDT, the
oncologic results were comparable, but in the PDT group
there was a significant improvement in the quality of
life [11]. The use of PDT is especially relevant in severe,
somatically-challenged patients for whom other
treatment methods are contraindicated. It is possible to
achieve complete resorption of the primary focus and
treatment of combined pathology of the oral mucosa -
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leukoplakia [14]. The use of PDT does not limit the further
use of traditional methods, such as surgical treatment,
chemoradiation therapy or immunotherapy [15].

Photosensitizers (PS) based on the active substance
chlorine6 arelicensed and actively usedin the treatment of
precancerous diseases, oncopathology of skinand mucous
membranes [16, 17]. Chlorin e6 activation is achieved by
local exposure to light radiation with a wavelength of 660-
670 nm. This induces intracellular cytotoxic effects, such as
the formation of free oxygen radicals, the effects of cellular
hypoxia, and systemic immune response. The effective
light penetration depth of PDT is approximately 10 mm
[18]. This limits the use of PDT as a radical treatment for
oral cancer with a depth of invasion (DI) of the primary
focus greater than 5-7 mm [19, 20].

Numerousadvantages of PDT, suchas minimal toxicity of
surrounding healthy tissues due to selective accumulation
of PSin the tumor; absence of limiting doses of PS and light
exposure and, as a consequence, the possibility of multiple
repetition of the procedure; convenience of application in
case of multiple lesions and better cosmetic results due to
preservation of collagen fibers structure, which contributes
to the formation of normotrophic scars; and the possibility
of combination with other methods, make the PDT a
valuable option [21, 22].

In a meta-analysis of 43 clinical trials of PDT for oral
cancer, complete regression was observed in 94.4% and
the 5-year survival rate was 84.2%[11]. Also,a comparison
of surgical treatment and PDT in the initial stages of oral
cancer (T1-T2) showed no significant superiority of either
technique. The PDT group included 126 patients with T1
and 30 patients with T2 oral SCC, while the surgical group
included 58 patients with T1 and 33 patients with T2,
respectively. The complete tumor response to treatment,
atT1 was 86% and 76% for PDT and surgery, respectively.
At T2, it was 63% for PDT and 78% for surgery [9].

In another systematic meta-analysis including 900
patients with head and neck SCC, complete response to
PDT was found in 741 cases (82%). Jiao Lin et al. argue
that PDT is an effective technique for the treatment of
superficial foci of head and neck SCC, but point out the
need for optimization of treatment regimens and further
studies to evaluate the efficacy of PDT [23].

In this clinical study, we present our own results of
PDT use in T1-T2 stages of oral cavity SCC.

Materials and Methods

The prospective study included 38 patients who
came to the A. Tsyb Medical Radiological Research
Centre (MRRC) - the branch of the FSBI“National Medical
Research Radiological Centre” (NMRRC) of the Ministry
of Health of the Russian Federation from May 2016 to
September 2023 for oral cavity SCC. All patients were
diagnosed with primary oral cavity SCC (T1-T2). The main
inclusion criterion was a depth of invasion (DI) of less

with chlorine e6 photosensitizer with long-term follow up

than 7 mm. The DI of the primary focus was determined
by ultrasound, CT and MRI (Fig. 1). Exclusion criteria were:
tumor invasion depth more than 7 mm, presence of
regional or distant metastases, technical impossibility to
include all necessary tissue volume in the irradiation field
due to anatomical features of the affected area.

There were 21 (55.3%) men and 17 (44.7%) women in
the group, aged 37 to 83 (average 61) years at the time
of treatment. Localization of the tumor process: lateral
surface of the tongue - 16 (42.1%), floor of the oral cavity
- 11 (28.9%), lip mucosa - 5 (13.2%), cheek — 3 (7.9%),
alveolar process — 2 (5.3%), retromolar space — 1 (5.3%).
The depth of invasion of the primary focus ranged from
0 (in situ cancer) to 7 mm (mean 3.4 mm), among them
T1 - 28 (73.7%) tumors, of which 5 (13.2%) were cancer
in situ and T2 - 10 (26.3%) cases. The depth of invasion
was <Omm in 5 (13.2%) cases, 1-5 mm in 26 (68.4%) cases
and 5-7 mmin 7 (18.4%) cases. Visible tumor sizes ranged
from 2x3 to 35x15 mm, with the total tumor area ranging
from 0.06 to 5.25 cm?.

Characteristics of the primary focus was the following:
superficial form - 24 (63,2%), ulcerated form — 4 (10,5%)
cases, exophytic focus - 7 (15,8%), endophytic focus - 4
(10,5%) (Fig. 2). In 5 (13.2%) patients cancer developed
on the background of leukoplakia (Fig. 3). General
characteristics of the patients are presented in Table 1.

None of the patients were diagnosed with regional
(cNO) and distant metastasis (cM0) according to clinical
and instrumental examination. Staging was performed
according to the UICC TNM system of 8th edition [24].

This clinical trial was approved by the local ethical
committee of A. Tsyb MRRC (Ethical Committee Meeting
Minutes No. 294 dated 11.07.2018). All patients signed
informed voluntary consent.

Two chlorin e6-based preparations — photolon and
photoran - were used as PSs, and were administered by
intravenous drip at a dose of 1.0 mg/kg 3 h before PDT.

MPHL UM AD. L EPIQS 12/04/2023 131651

TIS0.2 MID.7

+ Pacer 1.05cm
Pacct 0.306 cm

Puc. 1. Y3 oTo6paxkeHune onyxonu a3blka ¢ onpeaesieHem
rny6uHbl UHBa3WW.
Fig. 1. US of tongue cancer with depth of invasion.
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TaGnuua 1 Irradiation was performed in a darkened room using a
KnuHuyeckue XapaKTeEpPUCTUKU NaLlUeHTOB

Table 1 remote laser device “Latus-2" (wavelength 662 nm) with wn
able . . . . oL
Patient’s clinical characteristics flexible quartz light guides (Fig. 4). —
" @
osinyecTBo -
XapakTepucrtuka nalHeNTOB (%] IC—Z
<
Mon: —
Gender: <
My»xckoi 21 (55,3%) Z
Male —
KeHckumin 17 (44,7%) (D
Female o
Bo3spacr: O
Age:
30-59 13 (34,2%)
60-69 17 (44,7%)
70-79 6 (15,8%)
80-89 2 (5,3%)

Jlokanusauua onyxonu:
Tumor localization

A3bIK (6OKOBasA MOBEPXHOCTH) 16 (42,1%)
Tongue (lateral surface)
[lHo nonoctu pTa 11 (28,9%)
Floor of the mouth
0,
EAHMBMCTIa.ﬂ ry6bi 5(13,2%) Puc. 2. Tunbl o4aroB: a — MOBEPXHOCTHbIN; b — A3BEHHbIN;
u_[lé;gus Ips 3(7,9%) C — 3K30QUTHbIN; d — SHAODUTHbIN.
Cheek 1270 Fig. 2. Types of lesions: a — superficial; b — ulcerative;
AnbBeonApHbIN OTPOCTOK 2 (5,3%) ¢ - exophytic; d — endophytic.

Alveolar ridge
PetpomonsapHoe npoctpaHcto 1 (2,6%)
Retromolar region

T Kateropus

T stage
T1 28 (73,7%)
T2 10 (26,3%)

[ny6riHa nHBasnmn

Depth of invasion

<0 (onyxonb He onpepenAeTcaA) 5(13,2%)
<0 (tumor not detected)

>Tmm <5mm 26 (68,4%)

>5mm <7mm 7 (18,4%)

Mnowagb onyxonu:

Tumor area:

<lcm? 25 (65,8%) Puc. 3. [1N0CKOKNEeTO4YHbIW paK NoNoCTU pTa Ha GpoHe
1-2cm? 8 (21,1%) NeNKonnakuu.

22 cm? 5(13,2%) Fig. 3. Squamous cell carcinoma of oral cavity with leukoplakia.
Tun onyxonu:

Tumor type:

loBepxHOCTHaA 24 (63,2%)

Superficial

fA3BeHHas 4(10,5%)

Ulcerative

Sk300nTHaA 6 (15,8%)

Exophytic

SHpoduTHanA 4(10,5%)

Endophytic

DoHoBOE 3ab0oneBaHue:

Background disease:

Jlenkonnakusa 6 (15,8%)

Leukoplakia Puc. 4. ICTOYHUK NasepHoro uany4yeHus annapar «Jlatyc-2»
OrtcyTcTByeT 33 (84,2%) (662 HMm).

Absent Fig. 4. Source of laser irradiation «Latus-2» (662 nm).
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The irradiation field included an area 5-10 mm away
from the visible edges of the tumor mass. Surrounding
tissues were covered with dark light-tight material to
protect from damage to healthy tissues during PDT
session (Fig. 5).

PDT parameters: power at the fiber output — 1.0 W,
power density — 0.31 W/cm?, light dose - 300 J/cm?. The
area of one irradiation field was 1.0 - 2.0 cm?. In case
of a large tumor focus size or presence of concomitant
pathology in the form of leukoplakia, irradiation with
two or more fields was performed in order to include all
necessary tissues in the irradiation volume.

PDT was performed under local or general anesthesia
if it was necessary to perform surgical interventions on
the pathways of regional lymph drainage (biopsy of a
sentinel lymph node or prophylactic lymphadenectomy).

Within 36 h after PS injection patients avoided direct
sunlight and were in a darkened room (under the light
not more than 1000 lux). A follow-up after the PDT in the
clinic was from 3 to 7 days.

Adverse events were evaluated according to the
CTCAE 5.0 criteria. Evaluation for adverse events
was performed during the first 5 days after PDT and
subsequently, during follow-up examinations at 4 weeks,
3,6, 12 months and then once a year.

The first clinical and instrumental examination was
performed 4 weeks after PDT with evaluation of the
immediate response. In case of suspicion of residual
tumor presence, biopsy was performed. Thereafter,
patients underwent routine examination at 3, 6, and 12
months, respectively, and once a year thereafter.

The immediate response to treatment was evaluated
as follows: complete response (CR) - complete regression
oftumorfocus, partial response (PR) — presence of residual
tumor tissue in the PDT zone, disease progression (DP)
- tumor enlargement after treatment. The distant result
was evaluated in terms of more than 3 months with
previously achieved CR on treatment. The distant result

Puc. 5. OnyxoneBblii o4yar Ha HUXXHEN ryée U 3alUTHbIA 3KpaH
ONns 340POBbIX TKAHEWN.
Fig. 5. Tumor lesion of lower limb with protective screen.

with chlorine e6 photosensitizer with long-term follow up

included: local recurrence (LR) - recurrence in the area of
primary focus, regional recurrence (RR) - metastases to
lymph nodes of the neck, distant metastases (DM).

Overall survival (0S), cancer-specific survival (CSS),
and recurrence-free survival (RFS) were determined
using Kaplan-Meier curves. Both progression by
primary focus and progression by locoregional and
distant metastases were considered in the analysis of
RFS. Log-rank analysis was also performed to identify
prognostically unfavorable factors. The analysis included:
sex, age, tumor localization, tumor size, tumor type, and
presence of background disease. Statistical significance
was determined at p <0.05.

Results

Effectiveness of PDT

Initial signs of necrosis after PDT were observed
immediately after the procedure, in the form of
demarcation of the treatment zone due to vascular stasis.
On 3-6 days after PDT a necrotic scab was formed, which
was independently rejected on 10-15 days. Further,
independent wound healing was observed within 1
month (Fig. 6).

At the first follow-up examination, 3 months later,
35 (92.1%) of the 38 patients had CR, and three patients
had PR (7.9%). During the follow-up period, 3 of the 35
patients who had previously reported immediate CR
had a recurrence between 11.5 and 43.2 months after
treatment. In one case, the recurrence was both in the
primary site and metastasis to regional lymph nodes,

Puc. 6. KnnHuyeckue u3MeHeHuss B 30He npoBefaeHua OAT:
a — yepe3 10 muH nocne ®AT; b — 5 cyt nocne ®AT; ¢ — 20 cyT
nocne ®AT; d — 3 mec nocne OAT.

Fig. 6. Clinical changings in PDT zone: a — 10 min after PDT; b —
5t day after PDT; ¢ — 20" day after PDT; d — 3 months after PDT.

32

BIOMEDICAL PHOTONICS T.13, N2 1/2024



Panaseykin Y.A., Kapinus V.N., Filonenko E.V., Polkin V.V., Sevrukov FE., Smirnova M.A., Isaev P.A., Ivanov S.A., Kaprin A.D.
Photodynamic therapy in treatment of squamous cell carcinoma of oral cavity

with chlorine e6 photosensitizer with long-term follow up

in another case the recurrence was only in the primary
site, and in the third patient only regional recurrence was
detected. Thus, the total number of patients who did not
respond to treatment was 6 (15.8%). All 6 patients who did
not respond to treatment underwent surgical treatment
followed by adjuvant chemoradiation therapy. The total
patient follow-up period was 4.2-87.3 months (mean 42.9
months), during this period 34 (89.5%) of 38 patients were
alive, 1 (2.6%) died of disease progression, and three died
of causes unrelated to oral cancer (Table 2).

At 5 years after treatment, the overall survival rate
(OS) was 82.1%, the cancer-specific survival rate (CSS)
was 97.0%, and the disease-free survival rate (DFS) rate
was - 81.1% (Fig. 7).

We used log-rank analysis of such clinical and
demographic factors as sex, age, focus location, T
category, DI of the primary tumor, tumor area and type,

Ta6nmua 2

Pesynbratbl NevyeHus metogom ®AT
Table 2

Results of treatment by PDT

KonuuyectBO
nayuneHToB (%)

KnunHunueckan

XapaKTepucTtmka

HenocpepncTBeHHbIN oTBET
Ha NleyeHue:

Immediate response to treat-
ment:

MonHbii oTBeT (MO)

Full response (FR)
YactnyHbin oteet (YO)
Partial response (PR)
Mporpeccus 3a6oneanua (M3) 0
Disease progression (PD)

35(92,1%)
3(7,9%)

OTpaneHHble pesynbraThl:
Long-term results:

JlokanbHbi peungus (JIP) 2 (5,3%)
Local recurrence (LR)
PernoHapHbIn peuyaus (PP) 2 (5,3%)

Regional recurrence (RR)
OTtpaneHHble meTacTasbl (OM) 0
Distant metastases (DM)

MpuYnHbI CMEPTHOCTY:
Causes of mortality:
CmepTb OT nporpeccmmn
Death by progression
Opyrue npuunHbl
Other reasons

1(2,6%)
3(7,9%)

JleueHne HermonHoro oTBeTa/
peuvavBa:

Treatment of incomplete
response/relapse:

Xvpyprua (nepBUYHBbI oyar)
Surgery (primary site)
Xvpyprua (lwenHaa gnccekumsa)
Surgery (neck dissection)
JlyueBas Tepanusa

Radiation therapy
MannuatrBHas XxuMmoTepanusa
Palliative chemotherapy

5 (13,2%)
2 (5,3%)
6 (15,8%)
1(2,6%)

KpnBbie BbikuBaHma
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Puc. 7. Kpusble KannaH-Mawnepa no aHanu3y o6Luiein BbhKuBae-
mocTtu (OB), 6e3peunamBHoin BbixkuBaemocTu (BPB) u KaHuep-
cneuuduyHom BbixkusaemocTtu (KCB).

Fig. 7. Kaplan-Mayer curves in overall survival (OS) rate analysis,
disease-free survival rate (DSS) u cancer-specific survival rate
(CSS).

and the presence of leukoplakia to identify reliable
prognostic factors in terms of OS, CSS, and DFS.

Statistical analysis revealed no significant (p < 0.05)
difference in overall survival according to any clinical and
demographic characteristics.

However, a significant difference was detected when
analyzing cancer-specific survival for patients over 70
years of age. The 5-year CSS for patients over 70 years
of age was 87.5%, versus 100% for those under 70 years
of age (p 0.034). Another significant prognostic factor
for worsening CSS was the presence of leukoplakia. The
5-year cancer-specific survival rates were 83.3% in the
presence and 100% in the absence of leukoplakia (p
0.007).

In the analysis of disease recurrence, the presence
of leukoplakia and depth of invasion were significant
factors for prognosis. Thus, the recurrence-free survival
rate was 57.1% for invasion depths greater than 5 mm
versus 90.3% for invasion depths of 0 to 5 mm (p 0.013).
The 5-year recurrence-free survival rate was 100%
in patients with cancer in situ, in whom no invasive
growth was detected according to the examination data
(invasion depth 0 mm).

The second factor of recurrence was the presence
of leukoplakia. In the presence of leukoplakia, 50% of
patients developed recurrence after treatment, in its
absence - the risk of recurrence was 90.6% (p 0.007)
(Fig. 8-11). The summary data on DFS are summarized
in Table 3.

Adverse events

The most common early adverse event was pain in
the PDT area. This adverse event was observed in 35 out
of 38 patients (92,1%) with various degrees of severity.
The majority (25 out of 35) had insignificant soreness
(grade 1), which did not affect daily activity and did
not require drug correction. Seven of 35 patients had
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Puc. 8. KpuBble KannaH-Maiepa no oueHke Bo3pacTHOro ¢ak-
Topa Ha KaHuep-cneuudUyHyo BbKMBAEMOCTb.

Fig. 8. Kaplan-Mayer curves in evaluation of age factor, affecting
to cancer-specific survival.

Puc. 10. Kpueble KannaHu-Maiiepa no oueHke daktopa rnyGuHbl
MHBa3UM Ha 6e3peLManBHYIO BbI)KUBAEMOCTb.

Fig. 10. Kaplan-Mayer curves in evaluation of depth of invasion,
affecting to disease-free survival rate.
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Puc. 9. Kpusbie Kannan-Maiiepa no oueHke ¢akrtopa Hanuuve
NleMKonaakum Ha KaHuep-crneunduyHyto BbXXMBaeMoCTb.

Fig. 9. Kaplan-Mayer curves in evaluation of leukoplakia present,
affecting to cancer-specific survival.

moderate pain (grade 2), which was managed with non-
steroidal anti-inflammatory drugs. Severe pain (grade 3)
was noted in 3 cases, requiring the use of narcotic drugs.
This adverse event started on the 1-2 day after PDT and
was resolved on the 6-10 day.

Another undesirable phenomenon was local edema
of oral mucosa in the PDT area, observed in 50% of
cases, in 19 out of 38 patients. Mainly (in 11 out of 19
patients) the edema was insignificant (grade 1), not
affecting the functionality of the organ and did not
require medication correction. In 8 out of 19 cases the
edema was moderate (grade 2). Glucocorticosteroid
administration in the postoperative period was required
to restore the nutritional function and to stop the threat
of respiratory failure through the upper respiratory tract.
This phenomenon started on the 1st day after PDT and
resolved on the 5th-6th day (Table 4).

In the treatment of mucosal cancer of the alveolar
outgrowthin the area of PDT, bare bone site was observed in
the area of PDT, with independent epithelization observed
at 3-6 months after PDT. There were no other adverse
events, including phototoxicity associated with PDT.

Puc. 11. Kpueble KannaH-Maliepa no oueHKu Hanuuume nenkonna-
KWW Ha 6e3peLanBHYI0 BbDKMBAEMOCTb.

Fig. 11. Kaplan-Mayer curves in evaluation of leukoplakia present,
affecting to disease-free survival rate.

Ta6nuua 4

HexxenatenbHble aBneHus nocne GAT
Table 4

Adverse events after PDT

HeXxenartenbHble
ABNEHUA

KonnuyectBo nauneHToB

Bbonwu B o6nactu OAT: 35(92,1%)

Pain in the PDT area:

Grade 1 25 (65,8%)
Grade 2 7 (18,4%)
Grade 3 3(7,9%)
OTeK CIM3MCTON NOMOCTU 19 (50%)
pra:
Swelling of the oral mucosa: 11 (28,9%)
Grade 1 8(21,1%)
Grade 2

Discussion

Our study on the use of PDT with chlorine-type PCs
in T1-T2 stages of oral cancer showed good functional
and aesthetic results of treatment, without mucosal scar
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Ta6nuya 3

AHanus 6e3peunanBHON BbIXKUBAEMOCTH, B 3aBUCUMOCTU OT KIMHUYECKUX XapaKTEPUCTUK
Table 3

Analysis of disease-free survival according to clinical characteristics

1-neTHAA 2-neTHAA P 3HaummocTb
6e3peungnBHasn 6e3peungnBHasn (norapudmunuecknin
BbDKNBaeMoOCTb BbI’)KNBAaeMOCTb TecT)

XapakTepucruka

[Mon:
Gender:
My>kckom
Male
MeHckun
Female

BospacrT:
Age:
<70

>70

Jlokanu3sayms onyxonu:
Tumor localization

A3bIK (bOKOBaA NOBEPXHOCTD)
Tongue (lateral surface)

[l1Ho nonocTtum pTa

Floor of the mouth
Cnusuncras rybol

Mucous lips

LLleka

Cheek

AnbBeONAPHbIN OTPOCTOK
Alveolar ridge
PeTpomonapHoe npocTpaHCTBO
Retromolar space

T kateropus:
T stage:

T1

T2

Iny6viHa nHBasuu:

Depth of invasion:

<0 (onyxonb He onpependAeTca)
<0 (tumor not detected)
1-5mm

5-7 mm

[nowapb onyxonu:
Tumor area:

<2 cm?

>2 cm?

Tun onyxonu:
Tumor type:
[NoBepxHocTHasn
Superficial
fA3BeHHan
Ulcerative
Sk300uTHaA
Exophytic
SHpobUTHas
Endophytic

(®oHoBoe 3aboneBaHue:
Background disease:
Jlenkonnakusa
Leukoplakia
OrcyTcTByeT

Absent
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90,45 (19/21)
84,6 (11/13)

92,6 (25/27)
71,4 (5/7)

84,6 (11/13)
81,8 (9/11)
100 (5/5)
100 (2/2)
100 (2/2)
100 (1/1)

91,7 (22/24)
80 (8/10)

100 (4/4)

91,7 (22/24)
66,7 (4/6)

89,7 (26/29)
80 (4/5)

100 (21/21)
66,7 (4/6)
66,7 (2/3)
75 (3/4)

60 (3/5)
93,1 (27/29)

85,7 (18/21)
81,8 (9/11)

88,9 (24/27)
60,1 (3/5)

84,6 (11/13)
72,7 (8/11)
100 (5/5)
100 (1/1)
100 (2/2)
0(0/1)

91,3 (21/23)
66,7 (6/9)

100 (3/3)

91,3 (21/23)
50 (3/6)

85,2 (23/27)
80 (4/5)

94,7 (18/19)
66,7 (4/6)
66,7 (2/3)
75 (3/4)

40 (2/5)
92,6 (25/27)

0.757

0.274

0.332

0.184

0.038

0.887

0.329

0.007
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formation (Fig. 6C). Presumably this result is due to the
preservation of tissue matrix components (collagen and
elastin), while cellular vascular elements are damaged by
PDT. It is believed that preservation of tissue architecture
provides the best conditions for normal tissue regeneration
and leads to superior healing with less scar formation [25, 26].
Of 38 patients with stage T1-T2 of oral mucosal cancer,
complete response to the treatment was obtained in
35 (92.1%) cases up to 3 months after treatment. The
obtained 5-year overall and cancer-specific survival rates
were 82.1% and 97.0%, respectively, which is a reasonably
good result. Such treatment results are comparable
to those of PDT treatment with other PSs (complete
response rate of 88.2%), surgery (5-year overall survival
rate of 69.7-93.8%), and radiation therapy (5-year overall
survival rate of 51.5-84.0%) [10, 27, 28]. Gluckman [29]
and Biel [30] reported local recurrence in 16-36% after
achieving a complete response in oral cancer for which
PDT was performed. In our study, 2 out of 35 patients who
achieved a complete response to treatment developed
local recurrence. The risk of developing local recurrence
was 5.7% after complete response. The overall 5-year
recurrence-free survival rate was 81.1%.
Wealsoinvestigated various clinical and demographic
characteristics to identify unfavorable prognostic factors
for recurrence. PDT is usually used for relatively small
tumor foci. In our study, we primarily relied on the depth
of tumor invasion rather than the area of the primary
focus. Thus, the study included patients with superficial,
relatively large (up to 5.3 cm?) tumor foci, but with a
shallow depth of invasion (up to 7 mm). At the same time,
the data analysis did not show a statistically significant
difference in the development of recurrence depending
on the area of the primary focus. Thus, one patient in the
distant period developed a relapse (at 43.2 months) in
the area adjacent to the site of previously performed PDT.
Thus, recurrence can develop regardless of the size of
the primary focus. In such cases differential diagnostics
between the primary tumor recurrence and the
development of synchronous oncopathology of the oral
cavity is difficult. Such a fact is explained by the so-called
“malignization field” theory described by Slaughter

with chlorine e6 photosensitizer with long-term follow up

in 1953 [31]. This theory assumes that squamous cell
cancer does not arise from an isolated cell, but rather as
a tendency towards anaplastic processes involving many
cells simultaneously. This theory is partly supported by
the fact that in our study one of the proven prognostic
factors for recurrence was the presence of leukoplakia
as a facultative precancerous lesion characterized by
cellular dysplasia (Table 3) [32]. Nevertheless, PDT may
be the treatment of choice for multifocal, superficial
tumors because it can be repeated as often as necessary
without loss of normal tissue functionality and without
accumulation of toxic effects. In addition, conventional
treatment remains as an option [26, 33, 34].

PDT has a high selectivity of PS accumulation in
tumor tissues, which leads to minimal damage to
healthy tissues. According to most researchers [35-37],
the selectivity of PS accumulation in tumors with respect
to healthy tissue can range from 2:1 to 15:1. In the cell,
PSs mainly accumulate in mitochondria and lysosomes
[38]. Minimal accumulation in the cell nucleus avoids the
development of genetically therapy-resistant cells [39].

Since the 8th revision of TNM [24], it is the depth of
invasion rather than the size of the primary focus that
has become the determining factor in assessing the
incidence and prognosis of oral cancer. In our study, it
was also statistically significantly shown that the risk of
recurrence increased with invasion depth greater than
5 mm. This fact is explained by the physical properties
of PDT laser radiation, the penetrating ability of which is
limited [40].

Conclusion

This study has shown that PDT with PS of chlorine
series is an alternative method of treatment of superficial
foci of oral cavity cancer in case of adequate assessment
of the primary focus prevalence and possibility of
full-fledged tumor irradiation. In this case, after PDT
application, the underlying connective-muscular
structures are preserved, which contributes to rapid
healing with minimal scarring, the functions of the
affected organ remain intact, and no cosmetic defects
are formed.

REFERENCES

Kaprin A.D., Starinsky V.V., Shakhzadova A.O. Clinical recommen-
dations of the Association of Oncologists of Russia. Malignant neo-
plasms of the oral cavity, 2020, pp. 18-19

2. Cooper J.S., Zhang Q,, Pajak T.F, et al. Long-term follow-up of the
RTOG 9501/intergroup phase lll trial: postoperative concurrent
radiation therapy and chemotherapy in high-risk squamous cell
carcinoma of the head and neck. Int. J. Radiat. Oncol. Biol. Phys,
2012, vol. 84(5), pp. 1198-205.

3. Kansy K., Mueller A.A., Miicke T,, et al. A worldwide comparison
of the management of T1 and T2 anterior floor of the mouth and
tongue squamous cell carcinoma - Extent of surgical resection

J'II/ITEPATVPA

KanpuH A.[., CrapuHckuii B.B., Lax3apgoBa A.O. KnuHuueckme
peKomeHAaLunmn accoumaumm oHkonoros Poccum // 3nokavectser-
Hble HOBOOOPa3oBaHuUA nonoctu pra. — 2020. - C. 18-19.

2. Cooper J.S., Zhang Q. Pajak T.F, et al. Long-term follow-up of the
RTOG 9501/intergroup phase lll trial: postoperative concurrent
radiation therapy and chemotherapy in high-risk squamous cell
carcinoma of the head and neck // Int. J. Radiat. Oncol. Biol. Phys.
-2012.-Vol. 84(5). - P. 1198-205.

3. Kansy K., Mueller A.A., Miicke T, et al. A worldwide comparison
of the management of T1 and T2 anterior floor of the mouth and
tongue squamous cell carcinoma - Extent of surgical resection

36

BIOMEDICAL PHOTONICS T.13, N2 1/2024



Panaseykin Y.A., Kapinus V.N., Filonenko E.V., Polkin V.V., Sevrukov FE., Smirnova M.A., Isaev P.A., Ivanov S.A., Kaprin A.D.
Photodynamic therapy in treatment of squamous cell carcinoma of oral cavity
with chlorine e6 photosensitizer with long-term follow up

20.

21.

BIOMEDICAL PHOTONICS T.13, N2 1/2024

and reconstructive measures. J. Craniomaxillofac Surg, 2017, vol.
45(12), pp. 2097-2104.

Ochoa E., Larson AR, Han M, et al. Patient-Reported Quality of
Life After Resection With Primary Closure for Oral Tongue Carci-
noma. Laryngoscope, 2021, vol. 131(2), pp. 312-318.

Biazevic M.G., Antunes J.L., Togni J., et al. Inmediate impact of
primary surgery on health-related quality of life of hospitalized
patients with oral and oropharyngeal cancer. J. Oral Maxillofac
Surg, 2008, vol. 66, pp. 1343-1350.

Chandu A., Smith A.C., Rogers S.N. Health-related quality of life in
oral cancer: a review. J Oral Maxillofac Surg, 2006, vol. 64, pp. 495-
502.

Shah J.P, Gil Z. Current concepts in management of oral cancer -
Surgery. Oral Oncol, 2009, vol. 45, pp. 394-401.

Agarwal P, Upadhyay R., Agarwal A. Radiotherapy complications
and their possible management in the head and neck region.
Indian J Dent Res, 2012, vol. 23(6), pp. 843.

de Visscher S.A., Melchers L.J,, Dijkstra P.U., et al. mMTHPC-mediated
photodynamic therapy of early stage oral squamous cell carci-
noma: a comparison to surgical treatment. Ann Surg Oncol, 2013,
vol. 20(9), pp. 3076-3082.

Toratani S., Tani R, Kanda T., et al. Photodynamic therapy using
Photofrin and excimer dye laser treatment for superficial oral
squamous cell carcinomas with long-term follow up. Photodiag-
nosis Photodyn Ther, 2016, vol. 14, pp. 104-110.

Ibarra A.M.C., Cecatto R.B., Motta L.J., et al. Photodynamic therapy
for squamous cell carcinoma of the head and neck: narrative
review focusing on photosensitizers. Lasers Med Sci, 2022, vol.
37(3), pp. 1441-1470.

Cerrati EW.,, Nguyen S.A., Farrar J.D., Lentsch EJ. The efficacy of
photodynamic therapy in the treatment of oral squamous cell
carcinoma: a meta-analysis. Ear Nose Throat J, 2015, vol. 94(2), pp.
72-79.

Karakullukcu B., Stoker S.D., Wildeman A.P, et al. A matched cohort
comparison of mTHPC-mediated photodynamic therapy and
trans-oral surgery of early stage oral cavity squamous cell cancer.
Eur Arch Otorhinolaryngol, 2013, vol. 270(3), pp. 1093-1097.
Panaseykin Y.A., Kapinus V.N., Filonenko E.V., et al. Photodynamic
therapy treatment of oral cavity cancer in patients with comor-
bidities. Biomedical Photonics, 2022, Vol. 11(4), pp. 19-24.
Panaseykin Y.A., Filonenko E.V., Sevrukov F.E., et al. Possibilities of
photodynamic therapy in the treatment of malignant tumors of
the oral cavity. Biomedical Photonics, 2021, vol. 10(3), pp. 32-38.
Kapinus V. N., Kaplan M. A,, Yaroslavtseva-Isaeva E. V., and coau-
thors A. Application of chlorin E6-photodynamic therapy of basal
cell skin cancer. Research and Practice in Medicine, 2021, vol. 8(4),
pp. 33-43.

Gondivkar S.M., Gadbail A.R., Choudhary M.G., et al. Photody-
namic treatment outcomes of potentially-malignant lesions and
malignancies of the head and neck region: A systematic review. J
Investig Clin Dent, 2018, pp. 9-10.

Kapinus V. N., Kaplan M.A,, Yaroslavtseva-Isayeva E. V., et al Pho-
todynamic therapy for head and neck basal cell skin cancer with
additional interstitial laser irradiation. Biomedical Photonics, 2018,
vol. 6, pp. 20-26.

Shevchenko O.V., Korshunova O.V., Plekhova N.G. Study of the
cytotoxic effect of a molecular conjugate based on chloride e6.
Medical and pharmaceutical journal “Pulse’; 2022, vol. 24(11), pp.
18-22.

Senge M.O., Brandt J.C., Temoporfin (Foscan®, 5,10,15,20-tetra(m-
hydroxyphenyl)chlorin)--a second-generation photosensitizer.
Photochem Photobiol, 2011, vol. 87(6), pp. 1240-1296.

Copper M.P, Triesscheijn M., Tan 1.B., et al. Photodynamic therapy
in the treatment of multiple primary tumors in the head and neck,
located to the oral cavity and oropharynx. Clin Otolaryngol, 2007,
vol. 32, pp. 185-189.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

and reconstructive measures // J. Craniomaxillofac Surg. - 2017.
-Vol. 45(12). - P.2097-2104.

Ochoa E, Larson AR, Han M,, et al. Patient-Reported Quality of
Life After Resection With Primary Closure for Oral Tongue Carci-
noma // Laryngoscope. - 2021. - Vol. 131(2). - P. 312-318.
Biazevic M.G., Antunes J.L,, Togni J., et al. Inmediate impact of
primary surgery on health-related quality of life of hospitalized
patients with oral and oropharyngeal cancer // J. Oral Maxillofac
Surg. - 2008. - Vol. 66. - P. 1343-1350.

Chandu A., Smith A.C., Rogers S.N. Health-related quality of life in
oral cancer: a review // J Oral Maxillofac Surg. - 2006. - Vol. 64. - P.
495-502.

Shah J.P, Gil Z. Current concepts in management of oral cancer -
Vsurgery // Oral Oncol. - 2009. - Vol. 45. — P. 394-401.

Agarwal P, Upadhyay R., Agarwal A. Radiotherapy complications
and their possible management in the head and neck region //
Indian J Dent Res. -2012. - Vol. 23(6). — P. 843.

de Visscher S.A., Melchers L.J., Dijkstra P.U., et al. mMTHPC-mediated
photodynamic therapy of early stage oral squamous cell carci-
noma: a comparison to surgical treatment // Ann Surg Oncol. -
2013.-Vol. 20(9). - P. 3076-3082.

Toratani S., Tani R, Kanda T, et al. Photodynamic therapy using
Photofrin and excimer dye laser treatment for superficial oral
squamous cell carcinomas with long-term follow up // Photodiag-
nosis Photodyn Ther. - 2016. - Vol. 14. - P. 104-110.

Ibarra A.M.C., Cecatto R.B., Motta L.J,, et al. Photodynamic therapy
for squamous cell carcinoma of the head and neck: narrative
review focusing on photosensitizers // Lasers Med Sci . — 2022. -
Vol. 37(3). - P. 1441-1470.

Cerrati EW,, Nguyen S.A., Farrar J.D., Lentsch EJ. The efficacy of
photodynamic therapy in the treatment of oral squamous cell
carcinoma: a meta-analysis // Ear Nose Throat J. - 02.2015. - Vol.
94(2). - P.72-79.

Karakullukcu B., Stoker S.D., Wildeman A.P, et al. A matched cohort
comparison of mTHPC-mediated photodynamic therapy and
trans-oral surgery of early stage oral cavity squamous cell cancer
// Eur Arch Otorhinolaryngol. - 2013. - Vol. 270(3). - P. 1093-1097.
Panaseykin Y.A., Kapinus V.N., Filonenko E.V., et al. Photodynamic
therapy treatment of oral cavity cancer in patients with comor-
bidities // Biomedical Photonics. — 2022. - Vol. 11(4). - P. 19-24.
Panaseykin Y.A,, Filonenko E.V., Sevrukov F.E., et al. Possibilities of
photodynamic therapy in the treatment of malignant tumors of the
oral cavity // Biomedical Photonics. — 2021. - Vol. 10(3). - P. 32-38.
Kanunyc B. H., Kannan M. A, ApocnaBueBa-/icaesa E. B., n coaBT.
A. TpumeHeHne xnopuH E6-poToanHammueckon Tepanun
6a3anbHO-KNETOYHOro paka Koxu // iccnenoBaHms 1 NpakTuka B
meauumHe. — 2021. - T. 8, N2 4. — C. 33-43.

Gondivkar S.M., Gadbail A.R.,, Choudhary M.G., et al. Photody-
namic treatment outcomes of potentially-malignant lesions and
malignancies of the head and neck region: A systematic review //
JInvestig Clin Dent. - 2018. - P. 9-10.

Kapinus V. N., Kaplan M.A,, Yaroslavtseva-Isayeva E. V., et al Pho-
todynamic therapy for head and neck basal cell skin cancer with
additional interstitial laser irradiation // Biomedical Photonics. -
Vol.-2018.-Vol. 6. - P. 20-26.

LesueHko O.B., KopwyHosa O.B., MNnexosa H.I. N3yuyeHne unto-
TOKCMYECKOro AeiiCTBUA MOJNIEKYNAPHOrO KOHbloraTa Ha OCHOBe
XnopuHa e6 // Mepuko-papmaLieBTUYECKNin XXypHan «lynbc» . —
2022.-T.24,N°11.-C. 18-22.

Senge M.O., Brandt J.C., Temoporfin (Foscan®, 5,10,15,20-tetra(m-
hydroxyphenyl)chlorin)--a second-generation photosensitizer //
Photochem Photobiol. - 2011. - Vol. 87(6). - P. 1240-1296.
Copper M.P, Triesscheijn M., Tan 1.B., et al. Photodynamic therapy
in the treatment of multiple primary tumors in the head and neck,
located to the oral cavity and oropharynx // Clin Otolaryngol. -
2007.-Vol.32.-P. 185-189.

ORIGINAL ARTICLES

37



w
-
O
—
(0
<
<
z
O
oz
O

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Panaseykin Y.A., Kapinus V.N., Filonenko E.V., Polkin V.V., Sevrukov F.E., Smirnova M.A., Isaev P.A., Ivanov S.A., Kaprin A.D.
Photodynamic therapy in treatment of squamous cell carcinoma of oral cavity

Hopper C. Photodynamic therapy: a clinical reality in the treat-
ment of cancer. Lancet Oncol, 2000, vol. 1, pp. 212-219.

Lin J., Guangcheng N., Tingting D., et al. Photodynamic Therapy for
Oral Squamous Cell Carcinoma: A Systematic Review and Meta-
Analysis. International Journal of Photoenergy, 2021, pp. 1-14.
Brierley J. D., Gospodarowicz M. K., Wittekind C. TNM Classification
of malignant tumor. Eighth Edition, 2017, pp. 36-39.

Grant W.E., Speight PM., Hopper C,, et al. Photodynamic therapy:
an effective, but non-selective treatment for superficial cancers of
the oral cavity. Int. J. Cancer, 1997, vol. 71, pp. 937-942.

Hopper C., Kibler A., Lewis H., et al. mTHPC-mediatedphotody-
namic therapy for early oral squamous cell carcinoma. Int. J. Can-
cer, 2004, pp. 138-146.

Luryi AL, Chen M.M., Mehra S,, et al. Treatmentfactor associated
with survival in early-stage oral cavity cancer. Analysis of 6830
cases from the National Cancer Date Base. JAMA Otolaryngol. Head
NeckSurg, 2015, vol. 141, pp. 593-598.

Umeda M., Komatubara H., OjimaY., et al. A comparison of brachy-
therapy and surgery for treatment of stage I-ll squamous cell car-
cinoma of the tongue. Int. J. Oral Macxillofac. Surg, 2005, vol. 34, pp.
739-744.

Gluckman J.L., Hematoporphyrin photodynamic therapy: is there
truly a future in head and neck oncology? Reflection on a 5-years’
experience. Laryngoscope, 1991, vol. 101, pp. 36-42.

Biel M.A., Photodynamic therapy and the treatment of head and
neck neoplasia. Laryngoscope, 1996, vol.108, pp. 1259-1268.
Slaughter D., Southwick W., Smejkal W., Field cancerization in oral
stratifiedsquamous epithelium: clinical implications multicentric
origin. Cancer, 1953, pp. 963-968.

de Visscher J.GAAM.,, van der Meij E.H. Witte afwijking van het
mondslijmvlies: leukoplakie [White lesions of the oral mucosa:
leukoplakial. Ned Tijdschr Tandheelkd, 2023, vol. 130(5), pp. 232-
236.

Pass H.l, Photodynamic therapy in oncology: mechanisms and
clinical use. J. Natl. Cancer Inst, 1993, vol. 85, pp. 443-456.

Grant W.E., Hopper C., Speight PM,, et al. Photodynamictherapy
of malignant and premalignant lesions in patients with ‘fieldcan-
cerization’ of the oral cavity. J. Laryngol. Otol, 1993, vol. 107, pp.
1140-1145.

Chadha R., Jain D.V.S,, Aggarwal A. et al. Binding constants of
inclusion complexes of nitroimidazoles with Bcyclodextrins in the
absence and presence of PVP. Thermochim. Acta, 2007, vol. 459,
pp. 111-115.

Douillard S., Olivier D., Patrice T. In vitro and in vivo evaluation of
Radachlorin(R) sensitizer for photodynamic therapy. Photochem.
Photobio. Sci., 2009, vol. 8(3), pp. 405-13.

ChanThi Hai Yen, Ramenskaya G.V., Oborotova N.A. Photosensitiz-
ers of the chlorine series in PDT of tumors. Russian Biotherapeutic
Journal, 2009, vol. 4.

Moan J., Berg K., Kvam E., et al. Intracellular Localization of Photo-
sensitizers, In Ciba Foundation Symposium 146. Photosensitizing
Compounds: Their Chemistry, Biology and Clinical Use (eds G. Bock
and S. Harnett), 1989, pp. 95-111.

Agostinis P, Berg K., Cengel K.A,, et al. Photodynamic therapy of
cancer: An update. CA: A Cancer Journal for Clinicians, 2011, vol. 61,
Ne 4, pp. 250-281.

Mosaddad S.A., Mahootchi P, Rastegar Z., et al. Photodynamic
Therapy in Oral Cancer: A Narrative Review. Photobiomodul Pho-
tomed Laser Surg., 2023, vol. 41(6), pp. 248-264.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

with chlorine e6 photosensitizer with long-term follow up

Hopper C. Photodynamic therapy: a clinical reality in the treat-
ment of cancer // Lancet Oncol . - 2000. - Vol. 1. - P. 212-219.

Lin J., Guangcheng N., Tingting D., et al. Photodynamic Therapy for
Oral Squamous Cell Carcinoma: A Systematic Review and Meta-
Analysis // International Journal of Photoenergy. - 2021. - P. 1-14.
Brierley J. D., Gospodarowicz M. K., Wittekind C. TNM Classification
of malignant tumors // Eighth Edition. - 2017. - P. 36-39.

Grant W.E., Speight PM., Hopper C,, et al. Photodynamic therapy:
an effective, but non-selective treatment for superficial cancers of
the oral cavity // Int. J. Cancer. - 1997. - Vol. 71. - P. 937-942.
Hopper C., Kiibler A, Lewis H., et al. mTHPC-mediatedphotody-
namic therapy for early oral squamous cell carcinoma // Int. J.
Cancer. - 2004. - P. 138-146.

Luryi AL, Chen M.M., Mehra S,, et al. Treatmentfactor associated
with survival in early-stage oral cavity cancer. Analysis of 6830
cases from the National Cancer Date Base // JAMA Otolaryngol.
Head NeckSurg. — 2015. - Vol. 141. - P. 593-598.

Umeda M., Komatubara H., OjimaY., et al. A comparison of brachy-
therapy and surgery for treatment of stage I-ll squamous cell car-
cinoma of the tongue // Int. J. Oral Maxillofac. Surg. -2005. - Vol.
34.-P.739-744.

Gluckman J.L., Hematoporphyrin photodynamic therapy: is there
truly a future in head and neck oncology? Reflection on a 5-years’
experience // Laryngoscope. - 1991. - Vol.101. - P. 36-42.

Biel M.A., Photodynamic therapy and the treatment of head and
neck neoplasia // Laryngoscope. - 1996. - Vol.108. - P. 1259-1268.
Slaughter D., Southwick W., Smejkal W., Field cancerization in oral
stratifiedsquamous epithelium: clinical implications multicentric
origin // Cancer. - 1953. - P. 963-968.

de Visscher J.G.AAM.,, van der Meij E.H. Witte afwijking van het
mondslijmvlies: leukoplakie [White lesions of the oral mucosa:
leukoplakia] // Ned Tijdschr Tandheelkd. — 2023 . - Vol. 130(5). - P.
232-236.

Pass H.l, Photodynamic therapy in oncology: mechanisms and
clinical use // J. Natl. Cancer Inst. — 1993. - Vol. 85. - P. 443-456.
Grant W.E., Hopper C., Speight PM,, et al. Photodynamictherapy of
malignant and premalignant lesions in patients with ‘fieldcancer-
ization’ of the oral cavity // J. Laryngol. Otol. - 1993. - Vol. 107. - P.
1140-1145.

Chadha R., Jain D.V.S,, Aggarwal A. et al. Binding constants of
inclusion complexes of nitroimidazoles with Bcyclodextrins in the
absence and presence of PVP // Thermochim. Acta. — 2007 - Vol.
459.-P.111-115.

Douillard S., Olivier D., Patrice T. In vitro and in vivo evaluation
of Radachlorin(R) sensitizer for photodynamic therapy // Photo-
chem. Photobio. Sci. - 2009. - Vol. 8(3). - P. 405-13.

YaH Txu Xain NeH, PameHckasn I. B., O6opoTtoBa H. A. DoToceHcu-
6vnmsatopbl xnopuHosoro paga B ®AT onyxoneit // Poccuinckuia
6roTepaneBTUYECKM XKypHa. — 2009. — No4.

Moan J., Berg K., Kvam E., et al. Intracellular Localization of Photo-
sensitizers, In Ciba Foundation Symposium 146 // Photosensitiz-
ing Compounds: Their Chemistry, Biology and Clinical Use (eds G.
Bock and S. Harnett). - 1989. - P. 95-111.

Agostinis P, Berg K., Cengel K.A,, et al. Photodynamic therapy of
cancer: An update // CA: A Cancer Journal for Clinicians. - 2011. -
Vol. 61, Ne 4. — P. 250-281.

Mosaddad S.A., Mahootchi P, Rastegar Z., et al. Photodynamic
Therapy in Oral Cancer: A Narrative Review // Photobiomodul
Photomed Laser Surg. — 2023. - Vol. 41(6). - P. 248-264.

38

BIOMEDICAL PHOTONICS T.13, N2 1/2024





