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Abstract

The results of a 13-year clinical observation of a patient after treatment for basal cell carcinoma of the skin of the right cheek Ist cTINOMO are presented.
The history of the course of the disease is associated with the fact that the patient underwent radiation therapy in early childhood for hemangioma of the
lower eyelid of the right eye and right cheek. In 2008, against the background of post-radiation changes in the area of the right cheek, basal cell carcinoma
was diagnosed at the Moscow Oncological Research Institute. PA. Herzen. At the Center for Laser and Photodynamic Diagnostics and Tumor Therapy, the
patient underwent organ-preserving PDT treatment. A course of photodynamic therapy (PDT) with 5-aminolevulic acid was carried out. Subsequently,
the patient was followed up until 2021 without relapse in the PDT area. In 2016, the patient was diagnosed with a relapse of the disease in the form of
a new focus of basal cell carcinoma of the upper eyelid skin on the right last cTINOMO. The patient underwent a course of PDT with a chlorin e6-based
photosensitizer. Complete regression of the tumor was achieved, the period of relapse-free follow-up was 5 years.
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OOTOANHAMUNYECKASA TEPATUA MPU PAKE KOXMU
JIMUA, PA3BMBLLUErOCS B 30OHE NPEALLECTBYOLLEM
JTYYEBOM TEPANMUU (KITMHUYECKOE HABJTIOAEHME)

E.B. ®unonenko', H.U. Tpuropseesix', B.1. MUsaHosa-Papkesuy?

"MOCKOBCKMIM HOYYHO-MCCIEAOBATENLCKMI OHKONOTMYECKMI MHCTUTYT UM. [T.A. Tepuera —
dununan PIBY «HaumoHanbHbIM MEAMUMHCKMIA MCCEN0BATENLCKMM LIEHTP PAAMONOTMMY
Munmncrepcrsa sgpasooxpanenus Poceuiickon Pepepaumu, Mockea, Poccus
2Pocceuitckmit Yuusepeutet apyxbbl Haponos, Mocksa, Poccus

Pesiome

MpuBeneHbl pe3ynbrathbl 13-ne€THEro KNMHWYECKOro HabloAeHNA NaLMEeHTKY nocse edyeHrsa 6a3anbHOKIETOYHOrO paka KoXu npaBoin Wweku | ct
cT2NOMO. AHamHe3 3a6oneBaHViA CBA3aH C TeM, YTO NaLMEHTKe B paHHEM AETCTBE MO NMOBOJY reMaHroMbl HVKHEro BeKa NpaBoro rnasa 1 npasom
LLieKM BbIMOJIHEHa NyyeBas Tepanus. B 2008 r., Ha GpoHe NoCTyyeBbIX U3MEHEHWI B 0611aCTU NMPaBOA WEeKU, AUarHOCTUPOBaH 6a3anbHOKIETOUHbI
pak B8 MH/OW um. MN.A. lepueHa. B LieHTpe nasepHoin 1 $oTogMHaMMUYeCcKon ANarHoCTMKIA 1 Tepaniun onyxosiei nauneHTKe NpoBefeHo opraHo-
coxpaHstoLee neyeHne metogom OAT. MposeaeH Kypc poToguHammyeckon Tepanum (OAT) ¢ 5-amyvHONEBYNbHOBOW KMCNOTON. B nocnepyoLlem
6onbHasA Habnoganackb 13 net 6e3 peurarea B 3oHe OAT. B 2016 r y nauMeHTKN ANAarHoCTMPOBaH peunans 3abonieBaHus B BU4E HOBOrO oyara
6a3anbHOKNETOYHOrO paka Koxu BepxHero Beka crnipasa |A ct cTTNOMO. MauveHTke nposefeH Kypc OAT ¢ poToceHcnbrnmsaTopom Ha OCHOBe
XJIOpUHa e6. [loCTUrHyTa NONIHaA perpeccus onyxonu, Cpok 6e3peLnarBHoro HabnoaeHna — 5 ne.

KnioueBble c/ioBa: 6a3anbHOKIETOUHbIN PaK KOXWn, ¢0T0,qVIHaMVILIECKaH Tepanuna, nyyeBan TepanuA, ¢OTOCGHCM6W‘IVI3&TOP, XJIOPUH €6, 5-aMNHO-
JNieBy/IMHOBaA KUCNOTa, VIH,CIyLlVIpOBaHHbIVI pPak.

Ana untuposaHmna: OunoHeHko E.B., Mpuropbesbix H.W., MBaHoBa-PagkeBuu B./. QotofmHammueckas Tepamnva Npu pake KOXu nuua, pas-
BMBLUErOCA B 30He NpepLlecTBytoLlel nyyeBo Tepanun (KnnHuyeckoe HabnogeHwue) // Biomedical Photonics. — 2021. - T. 10, N 2. — C. 42-50.

doi: 10.24931/2413-9432-2021-10-2-42-50

KonTaktbi: QuinoHeHko E.B., e-mail: derkul23@yandex.ru

42

BIOMEDICAL PHOTONICS T.10, Ne2/2021



Filonenko E.V., Grigoryevykh N.I., Ivanova-Radkevich V..

Photodynamic therapy for facial skin cancer developed in the zone of previous radiotherapy (clinical case)

Introduction

Photodynamic therapy (PDT) is a method of anti-
tumor therapy successfully used in clinical practice.
In several decades of its use in Russia, the method
has proven to be effective and safe for the treatment
of patients with cancer of various localizations. PDT
is used for malignant neoplasms of the skin, genito-
urinary system organs, gastrointestinal tract, brain,
bronchi, and other nosologies [1-3]. In recent years,
the range of indications for the use of the method has
been constantly expanding, and new effective photo-
sensitizers and PDT methods have appeared [4-6].

Clinical example

We present a clinical observation of the treat-
ment of a patient with a diagnosis of primary multiple
metachronous cancer: 1) basal cell skin cancer (BCSC)
of the right cheek, | degree, cT2NOMO, the condition
after PDT in 2008; 2) BCSC of the upper eyelid of the
right eye IA deg. cTINOMO, the condition after PDT in
2016.

In 1991, patient Sh., DOB: 1986, aged 5, underwent
radiation therapy in connection with a hemangioma
of the right cheek spreading to the lower eyelid of
the right eye, at Helmholtz Moscow Research Insti-
tute of Eye Diseases.

In 2008, the patient noted a lesion on the skin of
the right cheek in the area of previous treatment,
and applied independently to P. A. Hertsen Mos-
cow Oncology Research Center. When examined, the

patient was found to have, against the background
of post-radiation skin changes, an area of superfi-
cial tumor infiltration of the skin with fuzzy borders,
with a maximum size of 2.3 cm (Fig. 1a). A cytologi-
cal study of the lesion was performed, and BCSC was
diagnosed. The patient was discussed at an extended
medical board, and PDT was recommended.

In May 2008, the patient underwent a course of
PDT with a drug based on 5-aminolevulinic acid. The
patient tolerated treatment satisfactorily, without
complications. Complete regression of the tumor
was achieved after one course of PDT (Fig. 1c). Sub-
sequently, the patient was observed without tumor
recurrence in the treatment area with periodic confir-
mation of the achieved effect by control cytological
studies from the PDT zone (Fig. 1d; 2¢, d).

In September 2015, the patient noted the appear-
ance of a lesion on the skin of the upper eyelid of
the right eye; a biopsy of the tumor mass was per-
formed in the ophthalmological clinic; BCSC was
diagnosed according to the histological test. In
December 2015, the patient independently applied
to P. A. Hertsen Moscow Oncology Research Center.
During examination, a trace from the tumor biopsy
and a tumor infiltration of the skin of the upper eyelid
is visualized in the upper eyelid area. The data of the
revision of histology slides No. 51232/15 showed the
presence of BCSC (Fig. 2a). The patient was discussed
at a medical board, and PDT of the skin tumor on the
upper eyelid of the right eye was recommended.

Puc. 1. JleueHne BKPK npaBo#i WwekKu:
a — onyxoJib NPaBoOM LWEKN A0 NeYEeHHUS;
b — HeKpo3 onyxonu Yyepes Hegento nocne OAT;

C — nojiHas perpeccus onyxosu yepes mecauy nocne ®OT;

d — cocTosiHMe 6e3 peunaunBa nocne sieyeHus Yepes 6 net nocne AT (2014 r.)
Fig. 1. Treatment of basal cell carcinoma of the skin of the right cheek:

a — tumor of the right cheek before treatment;
b — tumor necrosis a week after PDT;
¢ — complete tumor regression one month after PDT;

d - condition without relapse after treatment 6 years after PDT (2014)
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Puc. 2. JleueHne BKPK BepxHero Beka npasoro rnasa:
a — onyxonb go ®AT (nocne Guoncum);

6 — pnyopecueHuUs onyxonu npu nposeaeHuun ®f (onpeseneHune rpaHuL, onyxosnm);
B, I — NOJIHasA perpeccus onyxoJiu BepxHero Beka cnpaBa 4yepe3 1 rog nocne ®AT, cocTossHMe 6Ge3 peunamMBa Onyxou npaBow

weku yepes 9 net nocne AT (2017 r.)

Fig. 2. Treatment of basal cell skin cancer of the upper eyelid of the right eye:

a — tumor before PDT (after biopsy);

b — tumor fluorescence during PD (definition of tumor boundaries);
¢, d — complete regression of the tumor of the upper eyelid on the right 1 year after PDT, condition without tumor recurrence

in the right cheek 9 years after PDT (2017)

On 26.01.2016, a course of PDT with chlorin e6 as
photosensitizer was performed on the skin tumor of
the upper eyelid of the right eye. Before the laser irra-
diation session, a fluorescence diagnostics (FD) ses-
sion was performed. The boundaries of the upper eye-
lid tumor were evaluated for planning radiation fields
(Fig. 2b), and other skin areas were examined, includ-
ing the area of scarring after PDT of the tumor on the
right cheek. No additional areas of increased fluores-
cence were detected. A laser irradiation session was
performed with due account for the boundaries of
the tumor lesion determined by the results of FD. The
patient tolerated treatment well, without complica-
tions. Complete regression of the tumor was achieved
(Fig. 2¢, d). The patient has had follow-up monitoring
and has been found relapse-free after PDT in the area
of tumor treatment on the upper eyelid on the right
eye for 5 years, and on the right cheek, for 13 years.

Discussion

The patient was diagnosed with two foci of skin
cancer in areas that were located either directly in
the radiation exposure zones or along the edge of the
irradiation zone 22 years and 29 years after radiation
therapy for a benign skin pathology. Is it possible to
see the development of these foci of skin cancer as a
consequence of previous radiation therapy?

One of the most significant effects of radiation
therapy (RT) on normal tissues is mutagenesis, which
is the basis for the development of radiation-induced
malignant neoplasms. Radiation-induced malignant
neoplasms are late complications that occur after RT,
the frequency of which increases among survivors,
including both children and adults [7].

There are three main criteria by which malignant
neoplasms are classified as RT-induced: the occur-
rence at the site of previous irradiation, a latent period
of at least 2 years after the start of RT, and a histology
different from the primary tumor (if present) [8-10].

Friedman D. L. et al. (2010) conducted a retrospec-
tive study to evaluate the frequency of the develop-
ment of second primary multiple neoplasms in survi-
vors of childhood cancer [11]. Of the 14,359 patients
with a 5-year overall survival, 1,402 subsequently
developed 2703 neoplasms. Cumulative incidence
at 30 years after the childhood cancer diagnosis was
20.5% for all subsequent neoplasms, including 7.9%
for second malignant neoplasms (excluding non-
melanoma skin cancer), 9.1% for nonmelanoma skin
cancer, and 3.1% for meningioma. The association of
RT with an increased risk of developing second neo-
plasms was proved by the authors by use of multivari-
able Poisson regression. Cumulative incidence at 30
years after childhood cancer diagnosis was 20.5% for
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Puc. 3. KymynsiTuBHasi HacTtoTa BTOpbIX HOBOOGpa3oBaHui Yepe3 30 neTt nocne nepBoro pakay nauueHtoB ¢ JIT u 6e3 JIT (Friedman
D.L. u coaBT., 2010 [11]); RT — IT; No RT - 6e3 JIT; SN — BTopoe HOBooGpa3oBaHue (4OGpOKayecTBEHHOE UK 3/I0Ka4YeCcTBEeHHoe);
SMN - BTOpOEe 3/10KayecTBEHHOe HoBooGpa3oBaHue; NMSC — HeMenaHOMHbIM paK KOXu

Fig. 3. Cumulative incidence of second neoplasms (SNs) at 30 years after initial cancer diagnosis, stratified by radiation therapy
(RT) treatment or no RT (Friedman D.L. et al., 2010 [11]); SN - second neoplasm; SNM - second malignant neoplasm; NMSC -

nonmelanoma skin cancer

all first of the subsequent neoplasms and was higher
for patients treated with radiation therapy for their
primary cancer than for those not receiving radiation
therapy (Fig. 3). The results of the study showed that
RT increased the risk of any subsequent neoplasm by
2.7 times. The analysis confirmed that the effect of
RT was associated with an increased risk of second
tumors of the central nervous system, soft tissue and
bone sarcomas, as well as thyroid cancer [11].

After the brain is included in the irradiation zone,
the most common RT-induced second tumors are neo-
plasms of the central nervous system. For instance, in
1991 Neglia J. P. et al. [12] conducted a retrospective
study including 9720 children who had previously
been diagnosed with acute lymphoblastic leukemia
and who were treated in accordance with the thera-
peutic protocols of the Children’s Cancer Research
Group using radiation of the cranial and craniospinal
zones. The average follow-up time was 4.7 years (from
2 months to 16 years). The authors found that 43 sec-
ond neoplasms occurred in the children included in
the study, including 24 (55.8%) had neoplasms of the
central nervous system (14 patients with high-grade
astrocytoma and glioblastoma multiforme, 3 with
primitive neuroectodermal tumor, 2 with meningi-

oma, 2 with astrocytoma or low-grade glioma, 1 with
medulloblastoma, 1 with brain stem glioma, 1 with
ependymoma), 10 (23.3%) new leukemias and lym-
phomas (6 patients had non-Hodgkin's lymphoma, 2 -
acute non-lymphoblastic leukemia, 1 — immunoblas-
tic sarcoma, 1 — Hodgkin’s disease) and 9 (20.9%) had
other neoplasms (3 cases of thyroid cancer, 2 cases
of mucoepidermoid carcinoma of the parotid gland,
1 of dysgerminoma, 1 of melanoma, 1 of ganglioneu-
roblastoma, 1 of leiomyosarcoma of the ileum). The
authors point out that these figures represent a 7-fold
excess of all cancers and a 22-fold excess of neo-
plasms of the central nervous system compared to the
general population of this age. All neoplasms of the
central nervous system occurred in children who had
previously undergone radiation therapy. There was no
association with the effects of cyclophosphamide or
anthracyclines. This proves the inducing effect of RT
on the development of tumors of the central nervous
system [12].

In their study, Armstrong G. T. et al. (2011) ana-
lyzed the incidence of primary multiple metachro-
nous malignancies in patients who had treatment for
childhood cancer [13]. Of the 14,358 childhood can-
cer survivors, 1382 (9.6%) patients were diagnosed
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with one metachronous multiple primary tumor. Of
these, 386 (27.9%) patients, after treatment of their
tumors, subsequently developed other metachronous
primary multiple tumors. At the same time, among
patients with a subsequent repeated metachronous
tumor, 153 (39.6%) were diagnosed with more than
two metachronous primary multiple tumors. The
cumulative incidence of repeated primary multiple
metachronous tumors 20 years after the diagnosis of
the first primary multiple metachronous tumor was
38.8%. At the same time, the cumulative frequency of
repeated primary multiple metachronous tumors in
the group of patients who survived RT of the first can-
cer was 41.3% after 15 years, compared with 25.7% for
patients who did not receive RT [13].

The study by Travis L. B. et al. (2003) presents the
results on the association of RT with the development
of second tumors in patients with Hodgkin's disease
[14]. Hodgkin's disease usually affects cervical and
mediastinal lymph nodes, and classical RT in Hodgkin’s
disease targets the areas of the lymph nodes, which
leads to irradiation of the breast and lung tissues. The
authors showed that the risk of breast cancer after
RT+CT in Hodgkin's disease depends on the radiation
dose, while a dose of 4 Gy or more is associated with
a 3.2-fold increase in risk compared to patients receiv-
ing lower doses, and the risk increases up to eight
times at doses of more than 40 Gy. The authors con-
clude that the risk of breast cancer after CT+RT seems
to be primarily associated with RT, since treatment
with alkylating agents alone led to a decrease in the
risk of developing breast cancer. The probability of
developing breast cancer decreased with an increase
in the number of cycles of alkylating agents and a
reduction in the use of RT in these patients [14].

A review by Braunstein S. et al. (2013) presents data
on the frequency of second tumor development after
RT of primary neoplasms of various localization. The
authors point to an increased risk of developing RT-
induced tumors after irradiation of the pelvic organs
and abdominal cavity. Thus, patients after RT of tes-
ticular cancer are at an increased risk of developing
RT-induced tumors of the intestinal and genitourinary
tracts, and patients after RT of cervical and endome-
trial cancer are at an increased risk of a second cancer
of the colon and rectum, bladder and genitals. People
who have survived prostate cancer are also at risk of
developing radiation-induced tumors, which is espe-
cially important, given that these patients usually
receive treatment at a much older age than patients
with testicular or cervical cancer. A study of men with
prostate cancer treated in the period from 1988 to
2003 showed that the relative risk of developing a sec-
ond bladder cancer is 1.88 for patients who received
remote RT, compared with prostatectomy. Patients

after RT of head and neck cancer are at an increased
risk of developing RT-induced tumors in the head and
neck, esophagus or lungs, with 15% probability of
occurrence of an RT-induced tumor within 5 years [7].

The most common type of induced skin cancer in
patients after RT is BCSC [15]. At the same time, RT-
induced BCSC usually occurs with the use of low and
moderate doses of radiation, e. g., when RT is used
for the treatment of pathology other than malignant
neoplasms: shingles, hypertrophic tonsillitis, common
acne, atopic dermatitis, and hyperthyroidism. There
is evidence indicating that squamous cell skin can-
cer (SCSC) develops more often after higher doses of
radiation [10, 16-18].

There are both radiation-dependent and inde-
pendent risk factors for developing RT-induced skin
cancer. Radiation-dependent risk factors include a
higher total radiation dose, the RT technique (two-
dimensional conformal RT > RT with intensity modula-
tion > 3-dimensional conformal RT > proton therapy),
increased sensibility to ultraviolet light / lighter skin
type and a younger age during radiation exposure.
Risk factors that do not depend on radiation include
genetic predisposition to malignant neoplasms, life-
style aspects (alcohol, tobacco, and medications) and
exposure to other carcinogens [8].

The development of RT-induced malignant neo-
plasms is characterized by a number of features. Thus,
carcinogenesis in this case is induced by fairly low
levels of radiation doses, and the risk increases with
the dose. At higher radiation doses (as well as when
exposed to sunlight on previously irradiated areas),
the duration of the latency period is significantly
lower [7, 10]. The second feature is the fact that young
age during exposure to RT is a risk factor for carci-
nogenesis [7, 19, 20]. There are also indications that
the incubation period between exposure to ionizing
radiation and the appearance of BCSC symptoms is
shorter in young patients [10]. Another feature is that
the development of RT-induced tumors is character-
ized by a long latency period, which is usually several
years, but can be decades [7]. The literature describes
cases of induced skin cancer 2 to 65 years after radia-
tion therapy. Most often, according to literary data,
this period is 20-45 years [10]. Finally, although BCSC
is usually characterized by slow growth, minimal inva-
siveness into the underlying tissues and high cure
rates, RT-induced BCSC tends to be more aggressive
and more prone to relapses [19, 21, 22].

There are few studies describing the molecular
mechanism underlying the pathogenesis of aggres-
sive radiation-induced BCSC [19]. A few years ago,
Boaventura P. et al. found that the frequency of the
D-Loop D310 mitochondrial mutation was associated
with a higher radiation dose, although the role of this
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mutation in the development of BCSC in children has
yet to be shown [23].

Previously, indications for the clinical use of radia-
tion therapy included various benign conditions, for
example, rheumatological, dermatological, and infec-
tious diseases. This is an important context in which
late radiation effects can be identified, because, unlike
malignant diseases, the long survival of these patients
allows us to track radiation-induced malignant neo-
plasms with a long latent period [7].

Before the advent of antifungal drugs in the 1950s,
X-ray irradiation was widely used for the treatment of
shingles. It is estimated that about 200,000 children
worldwide have received X-ray treatment for this dis-
ease [19]. The first study of the long-term effects of RT
in dermatomycosis on the head was reported by Albert
R.E.etal.in 1968. Among 2,043 children treated at the
New York University Hospital, 14 cases of malignant
tumors were detected, 7 of which were cases of BCSC
[19, 24]. A subsequent study involving 2,215 patients,
the results of which were published in 1976, con-
firmed that RT in children with shingles infection on
the head was associated with an increased risk of skin
cancer (including BCSC), as well as malignant neo-
plasms of the brain, parotid gland, bones, and thyroid
gland. In all subsequent studies, BCSC was the main
type of skin cancer affected by therapeutic radiation,
while the frequency of SCSC and melanoma did not
change significantly. The treated patients had a high
prevalence of multiple forms of BCSC, most of which
were of the nodular type [19, 25].

In the study of Shore R. E. et al., 2224 children who
received RT for dermatomycosis on the head (ring-
worm of the scalp) were observed for 50 years to
determine the incidence of cancer. The control group
consisted of 1380 patients with shingles of the scalp
who received only topical medications. The study
assessed the relative risk of developing BCSC during
irradiation of the scalp as the ratio of the probability
of developing BCSC in the group exposed to RT to
the probability of its development in the unexposed
group. BCSC developed in 124 patients in the group
that had RT, and in 21 patients in the group without
RT.Thus, with scalp irradiation at a total dose of 4.8 Gy,
the relative risk of developing BCSC was 3.6. Cases of
the development of melanoma of scalp and neck were
not observed, isolated cases of SCSC were registered.
Among patients with BCSC, about 40% had multiple
forms. The study also showed that the level of risk for
developing BCSC is approximately constant over time
from the moment of exposure, which suggests that
the risk is likely to persist throughout life [20].

In a multicenter retrospective study by Ron E. et
al., it was shown that CT of the scalp in children with
dermatomycosis led to a four-fold increase in the inci-

BIOMEDICAL PHOTONICS T.10, N22/2021

dence of skin cancer, primarily BCSC, and to a three-
fold increase in the incidence of benign skin tumors.
However, as in previous studies, the risk of develop-
ing malignant melanoma in such patients was not
increased [26].

Maalej M. et al. reported on 98 patients who devel-
oped RT-induced cancer of the scalp after irradiation
in childhood for shingles, including 81 (82%) patients
who had only one RT session. In 98 patients, 150 foci
of malignant neoplasms were registered, 125 of which
were BCSC, 16 SCSC, 2 malignant non-Hodgkin’s lym-
phomas, 4 foci of melanoma, and 3 other tumors. The
period from RT to the development of skin cancer
averaged 36+14 years [15].

The study by Mseddi M. et al. describes 33 patients
with BCSC induced by previous RT of shingles foci. The
latency period was 21-51 years [27].

Currently, a significant group of patients with RT-
induced skin malignancies are patients who have
undergone radiation for oncological diseases in
childhood. Thus, the study of Watt T. C. et al. showed
the connection between eadiation therapy and an
increased risk of developing BCSC. The study included
199 childhood cancer survivors, who subsequently
developed BCSC. The comparison group consisted of
597 childhood cancer survivors without BCSC. This
study revealed a dose-response relationship show-
ing an increase in the incidence risk ratio with a coef-
ficient of 1.09 per 1 Gy. Thus, in patients who received
a dose of 35 Gy, the risk of developing BCSC was 39.8
times higher than in survivors who did not receive
radiation therapy [28].

Over 40 years of the use of hematopoietic cell
transplantation, another large cohort of patients who
have undergone RT and have high risks of develop-
ing induced malignant neoplasms has appeared. In
these patients, an increased frequency of malignant
neoplasms was detected, the most frequent being
BCSC [19]. Many of the patients undergo preliminary
total irradiation of the entire body as a preparation for
hematopoietic cell transplantation. Leisenring W. et
al. reported that the use of a regime with total body
irradiation was a significant risk factor for the devel-
opment of BCSC, but not for SCSC, in a study involv-
ing 4,810 survivors with allogeneic hematopoietic
cell transplantation who received treatment between
1969 and 2003. A single or fractional dose of 14 Gy
significantly increased the frequency of BCSC: more
than 1.8 times compared to regimens without total
irradiation [29]. Schwartz J. L. et al. present the results
of a study in which the risks of developing BCSC were
assessed in 6306 patients treated with hematopoietic
cell transplantation with or without total body irra-
diation, and reported that the overall relative risk of
developing BCSC was 1.76 in patients with total irra-
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diation who were exposed to prescribed radiation
doses from 7.5 to 18.4 Gy. The risk of developing BCSC
was highest in patients exposed at the age of under
10 years, and decreased by 10.9% per year for patients
older than 10 years. There was no increased risk of
developing BCSC associated with total whole-body
irradiation for patients over the age of 40 years during
hematopoietic cell transplantation [30].

The authors of all the described studies indicate
the need for careful monitoring of patients with a
history of RT. Unfortunately, as already noted, RT-
induced BCSC tends to be more aggressive, more dif-
ficult to treat, and more prone to relapses than spo-
radic lesions. Patients with a history of RT are recom-
mended to undergo regular lifelong examination of
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