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Abstract

In recent years, an increase in the incidence of breast cancer has been observed throughout the world, and in 20% of cases, with the develop-
ment of intradermal metastases. The possibilities of surgical and radiation treatment of intradermal breast metastases are quite limited, and
the effectiveness of polychemotherapy using standard regimens does not exceed 22-27%, while the period of remission, in general, is only 2-3
months. Photodynamic therapy (PDT) is a promising treatment for intradermal metastases of breast cancer. The experience of using PDT in this
nosology is quite limited, but the results show its high efficiency and safety. Thus, several Russian studies are devoted to assessing the effective-
ness of PDT of intradermal breast metastases with Photolon, a chlorin series photosensitizer. According to the authors, the therapeutic effect
was achieved in 85-97% of patients (the percentage of patients with full and partial effect was 73-85%). Studies on the effectiveness of PDT in
patients with the same nosology using the Photosens photosensitizer show a slightly lower effectiveness - the therapeutic effect was achieved
in 81.8% of cases, while the proportion of patients with full and partial effect was only about 50%. Several studies have been carried out abroad
on models of metastatic breast cancer using new photosensitizers (e.g. sodium sinoporphyrin) and new combined PDT regimens (e.g. adjuvant
PDT with fluorouracil or Capecitabine). The obtained results demonstrate the promise of new approaches: PDT with sodium sinoporphyrin inhib-
ited the growth of both the tumor itself and its metastases; the use of adjuvant regimens led to an increase in the tumor cells differentiation in
the animal model, the cessation of tumor and metastatic foci growth.
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OOTOOANHAMUYECKAS TEPAINKNA BHY TPUKOXKHbBIX
METACTA3OB PAKA MOJIOYHOWU XEJIE3bI
(OB3OP JIUTEPATYPbI)

P.A. Paxumxanoea', H.A. LUanazapoe' 2, [.E. TypxaHoea'

'"MegmnumHckmit yunsepcutet Actara, Hyp-Cyntan, Pecnybnvka Kasaxcran

2bonbHrua MeaunumHckoro uentpa Ynpasnenus aenamu MNpesuaenta Pecny6nvku Kasaxcran,
Hyp-Cyntan, Pecnybnmka Kasaxcran

Pesiome
B nocnepHwue roapbl Bo Bcem Mupe HabntofaeTcsa pocT 3a6051eBaeMOCTV PakoM MosiouHo xenesbl (PMXK), npryem B 20% cnyyaes npu PMXK
NPOVICXOAMUT Pa3BUTUE BHYTPUKOMXHbIX METAaCTa30B. BO3MOXXHOCTY XMPYPrYecKoro v y4eBoro neyeHnsa BHY TPUKOXKHbIX MeTacTa3oB PMMK
[OCTaTOUYHO OrpaHuyeHbl, a 3PGEeKTMBHOCTb NOANXMMUOTEPANMM C MPUMEHEHVNEM CTAHAAPTHBIX CXeM He NpeBbiaeT 22-27%, Npu 3Tom
CPOK pemunccmm, Kak mpaBusio, cocTaBnAeT nuwb 2-3 mec. DotoanHamuyeckas Tepanua (PDAT) ABnAeTcA nepcrekTVBHbIM METOAOM JIeYeHNA
BHYTPUKOXHbIX MeTacTazoB PMK. OnbIT npumeHerna OAT npu faHHON HO30/10MMK AOCTaTOYHO OFPaHUYEH, HO MOJTyYeHHble pe3ynbTaTbl
IEMOHCTPUPYIOT ero BbICOKYI0 3G HEKTUBHOCTb 11 6€30MacHOCTb. TaK, HECKONbKO POCCUCKMX NCCeA0BaHMIN NOCBALLEHbl OLeHKe 3pdek-
TBHOCTU OAT BHYTPUKOXKHbIX MeTacTazoB PMX ¢ poToceHcmbunmnsaTopom xnoprHosoro paga ¢otonoH. Mo AaHHbIM aBTOPOB, IeYebHbIN
3ddeKT 6bL1 OCTUTHYT Y 85-97% NaumeHTOK (A0NA NaLMeHTOK C MOJIHbIM U YaCTUYHbIM 3P deKkToM cocTaBnana 73-85%). iccnegoaHusa ad-
dekTuBHOoCTU QLT y NauyeHTOK C TaKOW e HO30J10T el C CNosib3oBaHNeM GoToceHcnburnrsaTopa ¢oToCeHC AEMOHCTPUPYIOT HECKOBbKO
MeHbLUYIo 3GPeKTUBHOCTb — NevebHblin 3dpdeKT Obin AocTUrHYT B 81,8% HabnogeHW, NpY STOM A0A NaLYEHTOK C MOAHbIM U YaCTUYHbIM
3¢ peKTOM cocTaBnANa TONbKO 0Komo 50%. 3a py6exxom NpoBeAeH paf nccnefoBaHnin Ha MOAeNAxX MeTacTasvpytoLiero PMX c ncnonb3osa-
HUeM HOBbIX GOTOCEHCMOMM3aTOPOB (Hanpumep, CMHOMOPdVPUHA HATPUS) 1 HOBbIX KOMOUHPOBAHHbIX cxem AT (Hanpumep, apbloBaHT-
Hasa OAT c 5-pTopypauunnom nnm KaneuutabruHom). NMonyyeHHble pesynbTaTbl LEMOHCTPUPYIOT NEPCAEKTUBHOCTb HOBbIX Noaxopos: ®AT ¢
CMHONOPGMPUHOM HaTPMA NHTMOMPOBaa POCT Kak CaMoii OMYXONK, Tak 1 ee MeTacTa30oB; MPYMEHEHNE afibloBaHTHbIX CXEM MPYBESIO K MOo-
BbILLEHUIO AP epeHLMPOBKM OMyXOeBbiX KIIETOK Y >KUBOTHOW MOAESM, MPeKPaLLEeHIO POCTa OMYX0JiM, a TaKKe MeTacTaTUYeCKNX 04aros.
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Breast cancer, which affects about 1.2 million wom-
en in the world every year, over 52,000 in the Russian
Federation and more than 4,000 in Kazakhstan, attracts
focused attention of specialists because of its increasing
prevalence and high mortality rate of the patients. Thus,
according to official statistics, the incidence rate of malig-
nant tumors of this localization in the Russian Federation
in the period from 2008 to 2017 increased from 67.95
to 89.60 per 100,000 people, i.e., a 33.8% increase had
place [1]. In the Republic of Kazakhstan, only from 2012 to
2017, the incidence of breast cancer increased from 21.3
to 24.5 per 100,000 population. Moreover, according to
the forecasts of specialists of the International Agency
for Research on Cancer, over the next two decades, the
number of patients diagnosed with breast cancer will al-
most double [2].

Surgery still remains the main treatment against
breast cancer: in accordance with the modern concept
of surgery development, the scope of operations on the
mammary gland is increasingly reduced to organ-pre-
serving treatment, including limited removal of clinically
negative axillary lymph nodes. In addition, an increase
in survival and a decrease in mortality from malignant
neoplasms of the mammary gland is associated with the
appropriate use of systemic therapies [3].

However, the proportion of patients with stage llI-IV
of breast cancer is still high, reaching 45%, according to
some reports [4]. In this context, in 20% of observed cas-
es, the development of intradermal metastases is noted,
mainly after surgical treatment. As a rule, the treatment
of metastatic breast cancer includes systemic therapy
(chemotherapy, hormone therapy) used in combination
with radiation therapy and excision of the metastatic fo-
cus. However, it should be noted that surgical treatment
in such cases is not always possible due to the multiple
nature of the pathologic process and its high extent. In
addition, the somatic state of patients after combined
treatment often does not make it possible to perform
an optimal volume of surgery. In turn, the possibilities
of radiation treatment of breast metastases are often
limited by the multiple nature of the metastasis process.
The effectiveness of polychemotherapy with breast me-
tastases in the skin, in case of standard regimens, does
not exceed 22-27%, while the period of remission, as a
rule, is only 2-3 months [5]. To achieve longer remission
periods, it is necessary to administer multi-course poly-
chemotherapy. It must be noted that radiation therapy

and chemotherapy have an immunosuppressive effect,
which is exacerbated in case of repeated courses. Other
methods of treating skin metastases of breast cancer
include electrochemotherapy, local chemotherapy
(MILTEX), laser destruction, brachytherapy, hyperther-
mia, cryotherapy, etc.; however, the data on their effec-
tiveness remains highly controversial [6]. Thus, the dis-
satisfaction with the results of treatment of breast cancer
patients with skin metastases stimulates the search for
new methods of therapy.

One of the current trends in modern oncology is
the treatment of patients with intradermal metastases
of breast cancer with the use of photodynamic therapy
(PDT), which is now considered to be one of the most ef-
fective methods for malignancies treatment [7]. PDT is a
non-systemic therapeutic procedure that begins to func-
tion in the presence of a combination of three separate
components: a photoactivated photosensitizer, a specific
light source and molecular oxygen [8-11]. This method is
based on the fact that tumor cells are able to selectively
accumulate certain photosensitizers in larger quantities
than healthy tissues do [12, 13]. Subsequently, when ir-
radiated with light the spectrum of which corresponds
to the spectral composition of the absorption of the pho-
tosensitizer, a photochemical reaction takes place in the
tumor cells. As a result, substances with cytotoxic activity
are formed, and their action leads to tumor necrosis [14,
15].

The PDT method can be used independently or in
combination with surgical and radiation treatment, as
well as for palliative purposes [16].  The advantages of
PDT are the high selectivity of tumor cell damage, the ab-
sence of serious side effects, the possibility of repeated
courses of treatment, and the combination of diagnostic
and treatment options in the same procedure. An addi-
tional advantage of PDT is its relative painlessness and
the possibility of repeated courses.

However, the PDT method also has some drawbacks,
including the following:

« alimited depth of penetration of light exposure into
the tumor (from 2 to 15 mm, depending on the ap-
plied wavelength according to some data, and from
4 to 8 mm according to other data). The penetration
depth is determined by the choice of the photosen-
sitizer for the therapy [17];

« the dependence of treatment effect on the degree
of oxygenation and blood supply to the tumor;
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- the absence of morphological control after the
treatment;

« the high cost of some photosensitizers [18].

General indications for PDT for exposure in accor-
dance with the radical program are tumors that can se-
lectively accumulate a photosensitizer and are accessible
for laser radiation exposure, with an indolent exophytic
and/or infiltrative component that does not exceed the
depth of radiation penetration into the tissue. In cases
where the tumor does not meet the above criteria, pal-
liative PDT or the use of PDT in combination with other
methods of exposure is possible [19].

Absolute contraindications for the procedure include
respiratory and cardiovascular failure, decompensated
diseases of the liver and kidneys, cachexia, intolerance to
the drug. Among relative contraindications, allergic dis-
eases can be mentioned [20].

A PDT procedure consists of introducing a photosen-
sitizer (PS) in a way that is optimal for its accumulation in
the tumor, and its activation under the influence of laser
radiation at a certain wavelength. Therefore, the choice
of PS has a significant impact on the efficiency of PDT
of malignant tumors of various localization and on the
radiation parameters, since the depth of the therapeu-
tic effect on the neoplasm is determined by the spectral
range of the PS. Thus, the maximum exposure depth is
provided by sensitizers with a wavelength of spectral
maximum exceeding 770 nm. Accordingly, the fluores-
cent properties of the sensitizer play an important role in
the development of treatment tactics, evaluation of the
drug biodistribution, and monitoring of the results [21].

An analysis of the literature data allows us to con-
clude that the use of PS of different classes significantly
affects the effectiveness of PDT of neoplasms. Thus, the
best results with respect to intradermal metastases of
breast cancer were obtained with the use of tetrametha-
hydroxyphenyl chlorin (Foscan, A = 652 nm), sulfonated
aluminum phthalocyanine (Photosens, A = 670 nm), chlo-
rine e, trisodium salt (Photolon, A = 661+5 nm) [5, 22, 23].

According to some authors, the indications for the
use of PDT in breast cancer are the following:

- Paget’s desease T1-2NOMO;

« breast cancer relapse on the chest wall after surgical
treatment;

- intradermal metastases after surgical, combined
and complex treatment;

« primary breast cancer T1-2NOMO (nodular form)
with the patient’s emphatic refusal from surgical
treatment and the presence of severe concomitant
diseases [24].

As for the effectiveness of PDT in patients with breast
cancer, EV. Goranskaya and M.A. Kaplan in his study dem-
onstrated that PDT of skin metastases in breast cancer
with a chlorine-type photosensitizer (Photolon) allows
achieving a therapeutic effect in 85% of cases. In this con-

text, complete regression was noted in 46%, and partial,
in 39% of cases. Based on these data, the authors came to
the conclusion that photodynamic therapy can be seen
as a method that can achieve a good result with the least
number of side effects, which makes it possible to rec-
ommend PDT for use in medical institutions [5]. In
another study concerning the treatment of intradermal
metastases of breast cancer, PDT demonstrated higher
clinical efficacy: therapeutic effect was achieved in 97%
of cases. At the same time, the authors note the high
selectivity of the method in relation to the tumor tissue
destruction, as well as the absence of severe local and
systemic complications and the possibility of repeating
the treatment. In addition, researchers mention the use
of PDT for palliative purposes, as it will lead to tumor vol-
ume reduction and improve the quality of life of patients
with breast cancer and its intradermal metastases [25].

The work by M.A. Kaplan et al. evaluated the effec-
tiveness of PDT for intradermal metastases of breast can-
cer with the use of photolon. According to the results of
treatment of 46 patients, 54.3% of which were found to
have only intradermal metastases, and the rest also had
organ metastases (in lymph nodes, bones, liver, lung
tissue, and the second mammary gland), complete re-
gression was noted in 33.6% of cases, partial regression
in 39.4%, stabilization in 22.6% and progression only in
4.4%. An objective response was obtained in 73.0% of
cases, and therapeutic response in 95.6% of cases [26].

Completely different results were obtained in the
study by S.V. Evstifeev et al. for the evaluation of the effec-
tiveness of PDT against intradermal metastases of breast
cancer: full effect was achieved only in 22.7% of patients,
partial in 27.3%, stabilization of the process was recorded
in 31.8% of cases, and the rate of disease progression
characterized by the appearance of new metastatic foci
reached 18.2% [271]. It should be noted that in this study
we used Photosens, a domestically produced synthetic
porphyrin photosensitizer of the second generation. It is
possible that the use of photosens as a photosensitizer
in this study adversely affected the effectiveness of PDT
compared to the study mentioned earlier.

Foreign researchers are constantly searching for new
photosensitizers that ensure both high efficacy and safe-
ty in the treatment breast cancer and its metastases. In
this regard, the results obtained by X. Wang et al. are of
interest. The researchers evaluated the effect of PDT with
sodium synoporphyrin on the proliferation and metasta-
sis of tumor cells in the highly metastatic 4T1 cell lineon a
mouse xenograft model. As a result, it was found that the
selected treatment tactic significantly increased the life
expectancy of mice with breast cancer, and also inhibited
the growth of both the tumor and its metastases, which
is consistent with the results of in vitro experiments. In
addition, the authors noted that PDT with this pharma-
ceutical product was more effective than therapy with
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Photofrin, the PS which had already been registered.
Preliminary toxicological results suggest that sodium
synoporphyrin is a relatively safe medication. These data
can be regarded as evidence of the promising prospects
related to the use of this photosensitizer, which, however,
requires further study [28].

In turn, S. Anand et al. suggested, in order to in-
crease the effectiveness of PDT in breast cancer, that a
neoadjuvant (5-fluorouracil) be used before PDT with
aminolevulinic acid ester. This approach did increase the
efficacy of PDT; however, a serious toxic effect of 5-fluo-
rouracil was noted. In order to reduce it, the researchers
proposed the use of the non-toxic precursor of 5-fluoro-
uracil capecitabine in combination PDT mode. As a result,
a significant increase in the differentiation of tumor cells
in the animal model was demonstrated, as well as their
death, which exceeded the level in the control group by
5 times. As a result, the authors noted that tumor growth
stopped, as well as metastatic foci growth [29].

Foreign researchers devoted a lot of works to the as-
sessment of the clinical efficacy of PDT in patients with
skin metastases of breast cancer. For instance, P. Wyss
et al. provide the results of the use of two different PDT
protocols in the treatment of skin metastases. The first
protocol included the administration of PS meta-tetra
(hydroxyphenyl) chlorin at a dose of 0.10 mg/kg followed
by irradiation at a dose of 5 J/cm?, while in the second
protocol the dose of PS was 0.15 mg/kg and the expo-
sure was 10 J/cm?. As a result, a complete clinical effect
was observed in all patients, regardless of the PS dose or
irradiation dose. The authors note that the healing rate
mainly depended on the irradiated area of the site [30].

The authors of an extensive literature review on the
use of PDT for the treatment of breast cancer provide nu-
merous evidence of its clinical efficacy; the PS adminis-
tered in the cases under consideration were various, and
combined approaches were also used (a combination
of PDT and immune therapy). However, it is emphasized
that further research is necessary since the experience
accumulated to date is still insufficient [31].

A number of authors provide data on the use of a
matrix emitter on semiconductor diodes with a variable
geometry of the radiating surface. Its advantages are the
following:

+ the possibility of simultaneous exposure of large
metastatic lesions areas in the skin of the chest wall;

- shorter treatment sessions, more comfortable for
the patient;

- the reduction of the incidence of severe necrotic
phototoxic reactions of irradiated tissues due to the
low power density of the light energy;

« the opportunity for prompt administration of a re-
peated PDT session in the presence of clinical indica-
tions, on an outpatient basis;

- accurate dosimetry;

- insignificant divergence of radiation over bright
diodes, since the radiating surface of the device is
congruently adjacent to the irradiated surface of the
chest wall;

- optimal formation of irradiation fields by the use of
the photosensitizer fluorescence method;

« the opportunity to control the local process without
systemic treatment, which significantly improves
the quality of life of patients [32].

In the study by M. L. Gelfond et al., a case study of 8
patients with regional breast cancer at stage lll and more
advanced, it was found that in three cases PDT with the
use of a matrix emitter led to a complete regression of
metastatic formations in the skin. Partial regression was
achieved in 4 patients, which had required repeated ses-
sions, and in 1 woman, vast necrosis areas developed
in place of the affected areas of the chest wall tissue,
after which the patient was excluded from the observa-
tion. The relapse-free survival median was 14 months.
According to the authors, this experience testifies to the
advantages of this technique over irradiation of each me-
tastasis in the skin using a fiber with a focusing nozzle.
This technology makes it possible to simultaneously irra-
diate relatively large areas of affected tissue and deliver
the planned dose of light energy per unit time at a power
density sufficient to excite the photochemical reaction.
On the one hand, this can significantly reduce the total
exposure time, and on the other, it creates more comfort-
able conditions for patients without reducing the effec-
tiveness of the method [33].

Nevertheless, insufficient satisfaction with the effec-
tiveness of the existing PDT protocols for skin metastases
in patients with breast cancer leads to the search for new
approaches to the procedure. Also, further development
of the method will be associated with the synthesis of
new photosensitizers characterized by more selective
accumulation in the tumor, greater activity for the induc-
tion of singlet oxygen, and excitation at a longer wave-
length. Of great importance is the development and
implementation of methods for early monitoring of the
procedure effectiveness and the identification of predic-
tors of response to photodynamic therapy in order to in-
dividualize the exposure parameters [34].

A promising feature is the increased selectivity of PS
accumulation in tumor tissue cells, which helps to mini-
mize the effect on healthy tissues. In addition, this makes
it possible to implement the principles of theranostics,
when the same procedure includes both diagnostic and
therapeutic options.

Currently, studies are underway on the use of anti-
body-directed delivery of PS to antigens of target cells.
This method is essentially based on the use of viral par-
ticles incapable of reproduction which have PS in their
composition, which ensures phototoxicity in PDT. The
surface of these particles features specific antibodies
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to antigens that are present on the plasma membrane
of only cancer cells, which ensures targeted action [35].
However, it should be noted that at present, specific anti-
gens have not been discovered for every specific form of
cancer, and antigen verification attempts involve serious
difficulties. Nevertheless, this method seems to be very
promising, although it requires considerable efforts for
its follow-up enhancement before being introduced into
wide clinical practice.

Thus, breast cancer is one of the most pressing prob-
lems of modern oncology. This is largely due to the large
number of patients with advanced stages of the tumor
process and the difficulties involved in the treatment of
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metastases. Indeed, the currently used surgical, radia-
tion and pharmaceutical methods are not always effec-
tive. In this regard, the method of photodynamic therapy,
which has proven its effectiveness in the treatment of
malignant tumors of various localizations, seems to be
very promising. However, despite the active study of this
method in the recent years, many issues remain unclear.
Nevertheless, considerable experience has already been
gained in its use for the treatment of skin metastases in
patients with breast cancer. In this connection, the study
of the possibilities of the photodynamic therapy method
for the treatment of intradermal breast cancer metasta-
ses continues.
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