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IMOIIKO/IKEHHA IIKIPU I MIIIIKIPHOI JKUPOBOI
KJIITKOBUHMU ITICJ ITIPOMEHEBOI TEPAIIII Y XBOPUX
HA PAK MOJIOYHOI 3AJ1031

B poboTi npoBefeHo aHani3 6araTopiyHUX JLOCNifKEHb NATONOMIYHUX 3MiH, WO BUHUKAIOTb B M'AKUX TKAHWHAX Y XBO-
pUX Ha paK MOJIOYHOT 3a103M B Pe3ynbTaTi PaANKaNbHOTO XipypriyHoro NiKyBaHHA Ta aA'toBaHTHOT NpomeHeBoi Te-
panii. lMoka3saHo, Wo CTaHAApPTHWUI NiAXiA A0 NpOBeAeHHs MmicisonepauiiHoi npoMeHeBoi Tepanii, AU 6asyeTbCs
TiNIbKM HA PO3MOBCIOKEHOCTI NEPBUHHOTO MyXAMHHOIO NPOLECY, € HE 3aBXAM BUNpaBaHMM. [lyxe 4acTo Le npu3Bo-
AWTb 10 HAAMIPHOTO NPOMEHEBOr0 HAaBAHTAXXEHHSA HA OPraHi3M NaLieHTKW i PO3BUTKY MiCLLeBUX FOCTPUX Ta XPOHIYHMX
NPOMEHEBUX PeaKUil WKipy, NifWKIPHOT KNITKOBMHM Ta iHIWMX M'IKUX TKAHWH, TOMY NUTAHHA AndepeHLilioBaHoro
NpU3HaYeHHs NpPOMeHeBOi Tepanii HabyBae 0CO6NMBOrO 3HaYeHHA HAacaMNepes Yy XBOPUX 3 HEBEJIMKOK NEePBUHHOK
PO3NOBCIOAXKEHICTIO MYXIMHHOTO Npouecy. B cTaTTi HaBefeHO pe3ynbTaTy JOCAIAXKEHb 3 BUBYEHHSA 3MiH Y JiNfHUI ne-
PeAHbOT rPYAHOT CTIHKM Y XBOPUX Ha pak Mono4Hoi 3ano3u. LLlono ap'toBaHTHOT npomeHeBoi Tepanii 3a3HayeHo, Wo
yacTilwe nNoTpi6HO BUKOPUCTOBYBATU MOHATTA NEPCOHaNi30BaHOi NpoMeHeBoi Tepanii. PagukanbHa onepauis, nicnsan-
poMeHeBi paHHi i Ni3Hi NaToNOriyHi 3MiHM B M'AKMX TKAHMHAX, NOPYIEHH:A MIKpOLMPKyNALii niMdu i KpoBi, nopyLleH-
HA iHHepBaLiT CyanH BEPXHbOT KiHLiBKM, NepudepuyHnx HepBiB y AiNAHLI WWIAHO-NNEYOBOrO CNETEHHA NPU3BOAATD
[0 THTEHCUBHUX flereHepaTUBHO-ANCTPODIYHMX 3MiH B M'AKUX TKAHWHAX BEPXHbOT KiHLiBKW, CTPUYMHAIOTb B HUX MOP-
thonoriyHi 3MiHM Ta noganblie NporpecyBaHHsA petieKTOPHUX HEPBOBO-CYAUHHUX i HEMPOANCTPOdiYHMX NOPYLLEHD.
3BaXaloun Ha AaHi WOA0 HECNPUATANBOT AiT NpoMeHeBOT Tepanii Ha WKipy i 0TOUYIOYT TKAHWUHM, @ TAKOX 3aA/1A 3HU-
XEHHS HaAMipHOr0 NPOMEHEBOro HaBaHTAXEHHSA Ha OpraHi3M NauieHTKW, Nigxia [0 NPU3HAYEHHS af'loBAHTHOT Npo-
MeHeBOi Tepanii NnoBUHeH GyTW AndepeHLiioBaHNUM.
KniouoBi cnoBa: pak MONO4YHOT 3an03u, NpoOMeHeBa Tepanis, af'loBaHTHA NpOMEHeBa Tepanis, YCKNagHeHHs
npoMeHeBOT Tepanii, NpoMeHeBi peakLii, NPOMeHEBT YIWKOAKEHHS.
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SKIN AND SUBCUTANEOUS ADIPOSE TISSUE DAMAGE AFTER
RADIATION THERAPY IN BREAST CANCER PATIENTS

The analysis of long-term researches of the pathological changes arising in soft tissues at patients with a breast can-
cer as a result of radical surgical treatment and adjuvant radiotherapy is carried out in work. The article shows that
the standard approach to postoperative radiation therapy, which is based only on the prevalence of the primary
tumor process is not always justified. Very often it leads to excessive radiation load on the patient's body and the
development of local acute and chronic radiation reactions of the skin, subcutaneous tissue and other soft tissues.
In this regard, the question of differentiated purpose of radiotherapy acquires special value first of all at patients
with small primary prevalence of tumor process. The paper presents the results of studies to study changes in the
anterior chest wall in patients with breast cancer. In relation to the conduct of adjuvant radiotherapy more often
need to use the concept of personalized radiation therapy. Radical operation, post-radiation early and late patho-
logical changes in soft tissues, disturbance of microcirculation of lymph and blood, disturbance of innervation of
vessels of an upper extremity, peripheral nerves in system of a cervical and plexus plexus, leads to intensive degen-
erative and dystrophic changes in soft tissues of the upper. and causes morphological changes in them and further
progression of reflex neurovascular and neurodystrophic disorders. Based on the data of adverse effects of radio-
therapy on the skin and surrounding tissues, as well as to reduce excessive radiation exposure to the patient's body,
a differentiated approach to the appointment of adjuvant radiation therapy.

Key words: breast cancer, radiation therapy, adjuvant radiation therapy, complications of radiation therapy, radia-

tion reactions, radiation injuries.
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BCTYII
3acrocyBaHHs mpoMeHeBoi Teparii (I1T) y xBopux Ha
pak MosiouHoi 3a103u (PM3) Mae Giibll HiXX CTOJITHIO
icTOpito — 3 Aii Ha MyXJIMHY caMe L€l JJoKali3allil moya-
JIOCb BUKOPUCTAHHSI i0HiI3YI0YOro BMITPOMiHIOBAHHS
(IB) 3 nikyBanbpHOO MeTo0. [IpoBeneHHsT aa’ oBaHTHOL
npomeHeBoi Teparii (AIIT) mo3Bossie CyTTEBO 3HU3UTU
YaCTOTY peUUAUBYBAHHS i 301IbIIUTHA TPUBAJICTb KUTTS
XBOpMX ITiCJisI BUKOHAHHSI paJuKallbHOI MAacCTEKTOMil
(PME) ta oprano3soepiratounx onepatiii (0O30) [1—4].
CHipHUM 3aIMIIAETHCS MUTAHHS CTOCOBHO AOLLIb-
HocTi npuzHayeHHs AIIT xBopuM 3 nyxJIMHAaMU HeBe-
JIMKUX PO3MipiB i HAsIBHICTIO Bill OMHOTO 0 TPhOX ypa-
XeHUX JiMdoBy3TiB [ 5, 6]. Psn nocainHukiB BBaxkae, 1110
npoBeneHHs1 AIIT crpuse MOKpallleHHIO pe3yJbTaTiB
JIIKyBaHHSI Y BCiX XBOPUX 3 HasIBHICTIO METacTa3iB B aK-
CWISIpPHUX JiM(POBY3J1axX, He3aJaeXKHO Bif iX KiJIbKOCTi [7,
8]. ITpoTe He Bci padiosoru NoroaKyrThCs 3 TAKOIO TOY-
KOIO 30Dy i MOSICHIOIOTH 1I¢ JOCUTh HU3bKOIO YaCTOTOIO
JIOKO-perioHapHoro peuuanByBaHHs [6, 9]. I1T Ha 30HuK
perioHapHOTro JiM(MOBIATOKY MPOBOAUTHLCS 3a MOKa3aH-
HSIMU — METacTaTUYHE YPaKeHHS YOTUPhOX i OIbIIIE aK-
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INTRODUCTION

The use of radiation therapy (RT) in patients with
breast cancer (BC) has more than a century of his-
tory, because the effect on the tumor of this loca-
tion began the use of ionizing radiation (IR) for
therapeutic purposes. Adjuvant radiation therapy
(ART) can significantly reduce the frequency of
recurrence and increase the life expectancy of
patients after radical mastectomy (RME) and
organ-sparing operations (OSO) [1—4].

The question of the feasibility of prescribing
ART to patients with small tumors and the pres-
ence of one to three affected lymph nodes remains
controversial [5, 6]. A number of researchers
believe that ART improves the results of treatment
in all patients with metastases in the axillary lymph
nodes, regardless of their number [7, 8]. But not all
radiologists agree with this view and explain it by
the relatively low frequency of loco-regional
recurrence [6, 9]. RT on the areas of regional
lymph outflow is performed according to the indi-
cations — metastatic lesions of four or more axil-
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cwisipHux JiMmpoByaiiB (JIB). [Tpu MeH1iit po3mnoBcio-
JKEHOCTi MyXJIMHHOTO TMPOLECY, EAMHOI TYMKU 1IOA0 BU-
o6opy 06’emy IIT ne ichye [10—13]. Tak, mpu ageKBaTHO
BUKOHAHIN aKCWISIpHiN JiMdoaucekii HeMae IiacTaB
111 mpoBeaeHHsT AIIT Ha maxBOBY HiMSTHKY Yepe3 HU3b-
KMIA PU3UK PO3BUTKY PErioHapHOIO pPELUAMBY, OJHAK
MMOBIpHICTh MOXJIMBUX YCKJIAAHEHbD ITiC/Is1 OPOMiHEH-
HsI TIpU IbOMY JOCUTH BUcoka [5, 14, 15].

ITonan 30 pokiB TOMy /iBa CBiITOBUX €KCIIEPTH B TaTy3i
npoMeHeBoi Tepanii PM3 G. Fletcher Ta E. Montague B
OJHIN 31 CBOIX pOOIT 3a3HAYMUIIU «...MOXJIMBO, HEMAE B
OHKOJIOTIi OUJIBII CYIIEPEYINBOI TEMU IJIs1 OOTOBOPEHHS,
HiXX 3aCTOCYBaHHS IicjasionepauiiiHol MPOMeHeBOoi Te-
parrii B KoMOiHallii 3 MacTeKToMi€lo...» [16]. Bripogosx
TPbOX AECATUIITH L5l 3as1Ba OyJia CIIpaBelJIMBOIO, ajie 4yac
pO3CTaBiIsiE KpalKy Haj «i», MOCTYIIOBO BUPILIYE iCHY-
[04i TPOTUPIYYS i CTABUTh MPU LIbOMY BCE HOBi MUTaHHS
[1, 17, 18]. HeobxigHicTh migBeneHHs IB mo 3HauHuMX
00’eMiB TKaHWH Y JIIKyBaHHI K MOYaTKOBUX, TaK i Mic-
LIEBO-PO3IMOBCIOMXKEHUX (POPM 3aXBOPIOBAHHS, ITPOOJIE-
Ma MiCASIMPOMEHEBUX YIIKOIXEHb 30POBUX TKAHUH €
HaJ3BUYaAlHO akTyajbHoto [18, 19].

Toctpi mpomeHeBi peakliil 1IKipyU € OOHUMMU 3 HalIo-
mpeHimmx nodivnux edexris I1T [2, 20, 21], wo B
CBOIO YEepry € PU3UKOM BUHUKHEHHS CTpecy y AesIKUX
MHalLi€eHTIB, a iHOAi i1 (paKTOpOM, 1110 OOMEXKYE OTPUMAH-
Hsl TOBHOI 031 OIIPOMiHEHHS BIAMOBIAHO 10 ILIAHY
JIiKyBaHHsI. MeraBoJIbTHI JIiHiiHi MpUCKOpPIOBadi 3HAYHO
3MEHIIWJIM BUPAXEHICTh MPOMEHEBUX peaklliil MIKipu
[11, 22, 23]. Ane npUIIBUALLIEHI METOAW ONPOMiHEHHS B
MO€ENHAHHI 3 XiMioTepalli€r MPU3BOASITH 10 30ibIIEHHS
KiJIbKOCTI peakiiil mkipu [22, 24]. biabliicTs Bupaxe-
HUX MPOMEHEBUX peakliil, IK MPaBuIO, BiAMIiYa€TbCS Y
MAaLi€HTIB, SIKi OTPUMYIOTh BUCOKI 103U OMPOMiHEHHS 3
BEJIUKUX MOMTIB [25].

[Ticnsg orpumanns [T y 90 % xBopux Ha PM3 po3Bu-
BAa€TbCS TMPOMEHEBUU emigepMiT. TepameBTUYHI A03U
paniauii Mpu3BOAATb OO CTiAKOI €pUTEeMM LIKipu, Jy-
ILIEHHS, BUCUMNIaHHSI, BUHUKHEHHS 00JII0 Ta cBepOexy i
MOSIBM BUPaA30K Ha IIKipi [2]. 3rimHO 3 pe3yasraramu
JMOCTIIKeHHST YIIKOIXEHb 1iKipu y 108 maiieHToK, orl-
poMiHeHux 3 npuBoay PM3, HasBHICTb epUTEM BCTa-
HOBJICHO Y 92 % BuIanKiB, cyxoro emigepmity —y 30 %,
BoJsiororo enigepmity — 35 % i Bupaszok —y 14 % [2, 26].

ITpomeHeBi ycKagHEHHS, sIKi BAHMKAIOTh B OpraHi3Mi
B pe3yJbrari aii IB moainsoTs Ha ABa BUAM: MPOMEHEBI
peakuii (ITP) i mpomenesi ymkomkenas (ITY). 1P —
3MiHU ((yHKIiOHAIbHI 200 MOP(OJIOriuHi), sIKi BUHU-
kawoTh B mpotieci 1T, HocsATh 060pOTHUIA XapaKTep i MO-
KYTb OYTM 3arajJibHUMMU i MiclieBUMU. 3araibHi [TP — 1ie
peakuii opraHiamy Ha fito 1B, sike npu3BOAUTH OO Y-

lary lymph nodes (LV). With a lower prevalence of
the tumor process, there is no consensus on the
choice of RA volume [10—13]. Thus, with ade-
quately performed axillary lymph dissection there
is no reason to perform ART on the axillary
region, due to the low risk of regional recurrence,
but there is a high probability of possible compli-
cations after irradiation [5, 14, 15].

More than 30 years ago, two world experts in the
field of breast therapy G. Fretcher and E. Mon-
tague in one of their works noted «... perhaps there
is no more controversial topic in oncology for dis-
cussion than the use of postoperative RT in com-
bination with ME...» [16 ]. For three decades, this
statement was true, but time puts an end to the
«and» and gradually resolves existing contradic-
tions and raises new questions [1, 17, 18]. The
need to bring IR to large volumes of tissue in the
treatment of both primary and locally advanced
forms of the disease, the problem of post-radiation
damage to healthy tissues is extremely relevant
[18, 19].

Acute radiation reactions of the skin are one of
the most common side effects of RT [2, 20, 21],
which in turn is a risk of stress in some patients,
and in some cases a factor limiting the full dose
according to the treatment plan. Megavolt linear
accelerators significantly reduced the severity of
radiation reactions of the skin [11, 22, 23]. But
accelerated irradiation methods in parallel with
chemotherapy lead to an increase in the number of
skin reactions [22, 24]. Most of the pronounced
radiation reactions are usually observed in patients
who receive high doses of radiation from large
fields [25].

After receiving RT, 90 % of patients with breast
cancer develop radiation epidermis. Therapeutic
doses of radiation lead to persistent erythema of
the skin, peeling, rash, pain and itching and the
appearance of skin ulcers [2]. According to the
results of the study, skin damage in 108 irradiated
patients with breast cancer was found in 92 % of
patients with erythema, 30 % of dry epidermis, 35 %
of wet epidermis and 14 % of ulcers [2, 26].

Radiation complications that occur in the body
as a result of the action of IR are divided into two
types: radiation reactions (RR) and radiation
damage (RD). RR — changes (functional or mor-
phological) that occur during PA, are reversible
and can be general and local. General RR is the
body’s response to the action of IR, which leads to
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KOIXKEHHSI €JeMEHTIB KJIITUH XUTTEBO Ba*KJIMBUX Op-
raHiB Ta iHTOKCHKALIii MPOAYKTaAMU PO3Maay MyXJIMHU.
BupaxeHictb 3aranbHoi I1P 3anexxuTh Big OIISIHKU OIl-
pominenHs. Tak, npu 1T PM3 B 30HY onpomiHeHHS
MOTPAIUISIIOTh OPraHMW TPYAHOI MOPOXHWHU i 1mmi, TP
MPOSIBJISIIOTLCS. Y BULJISIAI ITIBUIIEHHS TeMIIEpaTypu
TiJIa i TOpyllIeHb (PYHKIII HIJTYHKOBO-KUIIKOBOIO TpaK-
Ty, CEepLIEBO-CYAMHHOI, MTMXaJIbHOi, KPOBOTBOPHOI, €H-
JTOKPUHHOI i HepBOBOi cucteM. Micuesi 1P — 1ie 3miHu
B TKAHWHAX, SIKi MPOXOASATh MPOTATroM 2—4 TUXKHIB IiCJIs
OIPOMiHEHHSI.

ITY € ¢pyHkuioHaabHUMHU i MOPGOJOTIYHUMU 3MiHAMU
OpraHiB i TKaHWH, SIKi MalOTh HE3BOPOTHUM XapakTep i
NoTpeOyI0Th CHeliaJbHOro JIiKyBaHHS. BOHM MOXYTb
OyTM paHHIMM (TIpA PO3BUTKY B MEPIIi 3 MiCSIi Tics
OInpoMiHeHH, ocKinbku 100 gHIB — 116 MAaKCUMAaTbHUI
nepioA BiZHOBJEHHS CyOJIeTaIbHO MOIIKOIKEHUX KJTi-
TWAH) i Mi3HIMA (IPU BUHUKHEHHI YIIKOIXEHb ITi3Hillle
3a3Ha4eHOTOo TepMiHy) [27, 28].

Panni ITY mikipu xapakTepu3yoThCs BiI4yTTSIM 00JIIO
Ta MEeYiHHAM B 30Hi ypaxeHHs. [1pu nucTaHiiliHili raM-
Ma-Teparii, e 3arajbHa omnpoMiHwowua go3a (30/0)
nopiBHIOE 35 [p BUHMKAIOTH epuTeMa, He3HAUHUI Ha0-
psk i 6inb. [Ipu 30 y 45 Ip eputeMa OiNbII sICKpaBa,
HaOpsIK BUpaxeHui Oinpiie. IToTiM po3BUBAETHCS Cy-
XU pamiogepMaTUT, SIKIUI IIPU3BOIUTH IO BimllapyBaH-
Hg enigepwmicy. IlIkipa g0OBro JaymuThCs, 3aaUIIAETHCS
CyXOlI0 ¥ TIITMEHTOBAHOIO 3 BiICYTHICTIO BOJIOCSIHOTO
nokpoBy. [1py momanpiioMy 30iIbIIEHH] 103U YTBOPIO-
€TbCSI €KCYyIAaTUBHMIA, ad0 BOJIOTUIA, padiogepMaTuUT —
OyXUpli, HAMMOBHEHI CEPO3HOI0 PIAMHOIO JIOIMAKThCS,
BiZOyBa€TbCSl BiATOPTHEHHS eIliJepMicy, 3aJIMIIAETHCS
BOJIOTa SICKpaBO-pOXKeBa ITOBEPXHS, iHKOJM IMOKpUTa
miiBkoto ¢idbpuHy. Emnitenizallis npoaoBXyeTbcs 2—4
TvxkHi. IlIKipa HOBruii yac rimepIrirMeHTOBaHa i Jy-
muthesa. Ilpu misnix 1Y mkipu BuHMKae aTtpodis
erizepMicy, cTifika abo yactkoBa enisiis. IIkipa cyxa,
MOTOHIIIEHA, YaCTO CXMJIbHA IO TeJIeaHTieKTa3iil. Y IMoK-
POBHUX TKAHMHAX MOXYTb BUHMKATH HEKPO3U I TIpoMe-
HEeBi BUpa3KU, IO XapaKTepU3YIOThCS CTIMKUM Tie-
pebiroM i moraHo MimIalOThCSI KOHCEPBATUBHOMY JIIKY-
BaHHIO. [IpoMeneBa Bupaska (I1B) — noBro Heszaxmusa-
ounii tepekT M’ IKNX TKAaHWH, PO3BUBAETHCS depes 12
MicsuiB i 6inble micas 3akiHueHHs Kypcy ITT. B matore-
Hesi [1B mpoBigHy poJib Bifirpae mopyueHHs MiKpoLup-
KyJSILii TKAHWH i MOCHiAyI0YUi PO3BUTOK ilIEeMiYHOTO
HEKpo3y oIpoMiHeHuX TKaHUH. [lopyuieHHs penapa-
TUBHUX MPOLIECIB Ta BUPaXKEHE XPOHIYHE 3amajieHHs €
TOJIOBHUMU TIPUYMHAMU TPUBAJIOI BiICYTHOCTI 3aTOEHHS
noBepxHi BUpa3ku. I1pu iboMy nepioa ekcynallii paHu,
Ha BiAMiHY Bil 3BUYaiiHOI BUpa3Ku, MPOAOBXKYEThCS Oa-

damage to the elements of cells of vital organs and
intoxication by the decay products of the tumor.
The severity of the general RR depends on the area
of irradiation. Thus, when RT breast cancer in the
irradiation zone fall the organs of the thoracic cav-
ity and neck, RR manifests itself in the form of
fever and dysfunction of the gastrointestinal tract,
cardiovascular, respiratory, hematopoietic, endo-
crine and nervous systems. Local RR is a change in
the tissues that takes place within 2—4 weeks after
irradiation.

RD are functional and morphological changes
of organs and tissues that are irreversible and
require special treatment. They can be early (du-
ring development in the first 3 months after irra-
diation, because 100 days is the maximum period
of recovery of sublethally damaged cells) and late
(if there is damage later than the specified peri-
od) [27, 28].

Early RD skin is characterized by pain and burn-
ing in the affected area. With remote gamma ther-
apy, where the total irradiation dose (TID) is 35 Gy,
erythema, slight edema and pain occur. At TID in
45 Gy the erythema is more bright, hypostasis is
more expressed. Then dry radiodermatitis devel-
ops, which leads to exfoliation of the epidermis.
The skin peels for a long time, remains dry and pig-
mented with no hair. With a further increase in
dose, exudative, or wet, radiodermatitis is formed —
blisters filled with serous fluid burst, the epidermis
is rejected, the moist bright pink surface remains,
sometimes covered with a film of fibrin. Epi-
thelialization lasts 2—4 weeks. The skin is hyper-
pigmented and flaky for a long time. At late RD of
skin there is an atrophy of epidermis, steady or
partial epilation. The skin is dry, thin, often prone
to telangiectasia. In integumentary tissues, necro-
sis and radiation ulcers can occur, which are char-
acterized by a stable course and are poorly
amenable to conservative treatment. Radiation
ulcer (RU) — a long-term non-healing soft tissue
defect that develops 12 months or more after the
end of the RT course. In the pathogenesis of RU
the leading role is played by the violation of tissue
microcirculation and the subsequent development
of ischemic necrosis of irradiated tissues.
Disorders of reparative processes and severe
chronic inflammation are the main reasons for the
long absence of healing of the ulcer surface. At the
same time the period of exudation of a wound
unlike a usual ulcer lasts many months. Rejection
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rato MicsuiB. BiaToprHeHHsI HEKpOTM30BaHUX TKaHWUH
BinOyBa€eThCs nyxe NoBiIbHO. Jpyra ¢a3za 3aroeHns 1B,
sIKa MOJISITa€ B PO3BUTKY TPAHYJISLIAHOI TKAHUHU 3 MO~
JaNbIIOIO eTliTelNi3aliclo AedekTy, BUpaxeHa IMOraHo i
MOXe€ MPOJIOBXYyBaTHUCS pokaMu [18, 27, 28].

HaityacrimmM yckJIafHEHHSIM paIuKaJbHUX omepa-
TUBHUX BTPyYaHb Ha MOJIOYHINM 3a71031 € BTOPUHHUIA
JNiM@paTUYHN HaOpSIK BepXHbOI KiHILiBKU. OTiepaTuBHI
BTpy4yaHHs pazoMm 3 IIT nmpusBoasATh A0 MOpYyLIEHb pe-
rioHApHOT HUPKYJISLIL AiM(PO- i BEHO3HOTO BiATOKY AUC-
Ta/IbHillle 30H OINpPOMiHEHHS (B aKCUJISIpHiil obJacTi,
BEPXHil KiHIIiBLIi 3 OOKY orepallii), siKi IpOSIBISIIOTHCS Y
BUIJISIAL JdiMdeaeMn abo pelMauBYIOUOl 3aIlajibHOI Oe-
wuxu [27, 29, 30]. Yactora BTOpUHHOI JiMdpeneMu
BEPXHiX KiHLIIBOK y XiHOK ITicJisl pagrKajabHOI orepallii 3
MpUBOAY paKy B 3axinHiil €BpoIri KoJuBaeThes Bia 38 10
89 % i po3rsamaeThes IK HACHIIOK aKCUIISIPHOI JIiMPo-
IUCEKIii Ta/ado IIPOMEHEBOr0 OIPOMIHEHHS ITaXBOBOI
saMku. Jlimdenema, 1o chopmyBaacs Mmicist ornepaTuB-
Horo JikyBaHHS i Kypcy I1T, moxke OyTu paHHBOIO i Mmi3-
HbOIO. Y BUHUKHEHHi paHHbBOI JiMbeaeMu TpPOBiIHY
pOJIb BilirpaloTh piBeHb BUKOHAHOI JTiM(poauCeKIlil i Hali-
OJIVDKYi mmicsonepaliiii yCKiIaqHeHHs, IKUM y 86,2 %
BUMAAKIB Tepenye JiMmdopes. Y XBopuX 3 O3HaKaMu
Mi3HbOI JiMdeaeMu BUSBISIOTHCS MOPYIIEHHS BEHO3-
HOro BiATOKY B IaxBOBO-MHiAKJIIOUMYHOMY CETrMEHTI
(93,1 %), 110 B MEHILIOIO Mipol0 IMOB’SI3aHO 3 Ge3moce-
peoHIMU TIicasionepaliiHUMM YCKIaAHEHHSIMU, a Oijib-
o — 3 IIT i HacCTymMHUM pO3BUTKOM ITiCJISIIPOMEHE-
BUX pYOLB, SIKi CTUCKAIOTb CYAMHHO-HEPBOBUM My4YOK.
Brpaty mpauesmaTHOCTI depe3 TOpYIIeHHS (QYHKILIT
BEPXHBOI KiHILIBKM (TiCISIMACTeKTOMIYHUI CUHIPOM, B
CTPYKTYpi SKOTO HE€ TibKU MiCIASAIPOMEHEBE YIIKOMI -
JKeHHSI TJIEYOBOTO HEPBOBOT'O CIUIETEHHS, aje I JiMde-
JeMa KiHLIBKM) croctepiraerbcst mMaiike y 40 % Bu-
nanakis [27, 31-33].

Jlimbenema Moxe OyTH K (haKTOPOM PU3MKY PO3BUT-
Ky OCeLIMXU, TaK i TSDKKUM YCKJIAAHEHHSIM JaHOi iH(peK-
wii. He 3aBXau MoXKHa BUBHAYUTH, 1110 3 HUX € TIEPBUH-
HUM, a 110 BTOpUHHUM. [lyXe 4acTo CTiMKUil MiXKTKa-
HUHHUI HAOPSIK PO3BUBAETHCS Y XBOPUX 3 OCIIMXOI0 Ha
TJi (PyHKLUiOHAIbHOI HEAOCTAaTHOCTI JaiM@oo0iry B
CcyOKITiHIUHIM a00 aTeHTHiN ¢popmi. BuHuKaroua 3a 1mx
YMOB 4YacTO peluarByloua Oerxa Moxe IprU3BeCTH 10
Jnimdenemu. B cepeaHbOMY 3aXBOPIOBAHICTh Ha OELINXY
MpY BTOPUHHIN JTiMpenemi ctaHoBUTH 34—56 %. BoaHo-
yac 3aXBOPIOBAHICTh Ha JiMdenemMy TIpyu MMEpBUHHIN Oe-
muci cranoButh 10—15 % [29, 30, 34].

ITpu po3BUTKY iH(DEKIIIITHO-3aMmaJbHOTO MPOLIeCy ITic-
Jig xipypriyHoro JjiikyBaHHss PM3 i IIT po3BuBaroThcs
po3nagyu KpoBo- Ta JiMdoobiry. B HopMi BaxiImBoIO

of necrotized tissues is very slow. The second phase
of RU healing, which consists in the development
of granulation tissue with subsequent epithelializa-
tion of the defect, is poorly expressed and can last
for years [18, 27, 28].

The most common complication of radical sur-
gery on the breast is secondary lymphatic edema of
the upper extremity. Surgical interventions togeth-
er with RT lead to violations of regional circulation
of lymphatic and venous outflow distal to the irra-
diation zones (in the axillary region, upper extrem-
ity from the operation) and manifests itself in the
form of lymphedema or recurrent inflammatory
erythema [27, 29, 30]. The incidence of secondary
lymphedema of the upper extremities in women
after radical surgery for cancer in Western Europe
ranges from 38 to 89 % and is considered as a con-
sequence of axillary lymph dissection and (or) radi-
ation irradiation of the axilla. Lymphedema formed
after surgery and a course of RT may be early or
late. The leading role in the occurrence of early
lymphedema is played by the level of performed
lymph dissection and the nearest postoperative
complications, which in 86.2 % of cases are pre-
ceded by lymphorrhea. At patients with signs of a
late lymphedema disturbances of venous outflow in
an axillary-subclavian segment (93,1 %) that is less
connected with direct postoperative complications
and to a greater extent with RT and the subsequent
development of the postradiation scars compress-
ing vascular and nervous are found. bunch. Dis-
ability due to dysfunction of the upper extremity
(postmastectomy syndrome, in the structure of
which is not only post-radiation damage to the bra-
chial plexus, but also lymphedema of the extremi-
ty) is observed in almost 40 % of cases [27, 31—33].

Lymphedema can be both a risk factor for erysipelas
and severe complication of this infection. It is not
always possible to determine which of them is primary
and which is secondary. Very often persistent intersti-
tial edema develops in patients with erysipelas on the
background of functional insufficiency of lymphatic
circulation, which occurs in subclinical or latent
form. The often recurrent erythema arising against
this background can lead to a lymphedema. The aver-
age incidence of erysipelas in secondary lymphedema
is 34—56 %. At that time, the incidence of lymphede-
ma in primary erysipelas is 10—15 % [29, 30, 34].

With the development of infectious-inflammatory
process after surgical treatment of breast cancer and
PT develop disorders of blood and lymph circula-
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JJAaHKOIO MiKpPOLIMPKYJISAILII € BEeHO3Ha JiMpaTUYHa CUC-
tema. ITo BeHynax Ta BeHax BigOYBA€TbCs BilTiKaHHS
KpoOBi i MeTaboJIiTiB TKAaHWUH, 110 3HAXOASIThCS B Hil,
KpiM TOTO, 3aBASIKM BEHO3Hill CUCTeMi KPOB piBHOMipHO
PO3MOAISETHCS IO BCili KPOBOHOCHINU cucTeMi. B Toit
K€ yac, yepes BiACyTHICTh Oa3aabHOI MeMOpaHu JiMda-
TUYHI KaIlJIIpyu € BUCOKOIPOHMKHUMM IS BEIUKMX
MOJIEKYJT i 4acTOK 3 MOJEKYJSIPHOIO Macolo OiJiblie
20 000 mansroH). TokcHWYHi OakTepii 3A€0UTBIIIOTO Ma-
10Th MojekyasapHy Bary Big 30 000—100 000 ganbroH i
TOMY JIOKAJTi3yIOThCS B JiMpaTuuHiil cuctemi. s 3a-
nobiraHHs PO3MOBCIOIKEHHIO OaKTepiil opraHiaM pea-
rye KOMIIEHCAaTOPHOIO Ba30KOHCTPUKIIIEIO ITiCIIs-
KaniJIIpHUX CYAWH, a 1€ MPU3BOAUTb OO0 3HUKEHHST OH-
KOTHUYHOTO TUCKY B MIXKKJIITUHHOMY npocTtopi. Hakormnu-
YeHHS MPOAYKTIB MeTa00J1i3My TKaHUH Y MixKKJTITUHHO-
MY IIPOCTOPi MPU3BOAUTH IO TiMTOKCii, HACTIAKOM YOTro €
PO3LIMPEHHS MPEeKAISIPHUX CYAWH, 30ibLIEHHS IpU-
TOKY KpoOBi. B pe3ynbTari Takux KOMIIEHCATOPHUX MPO-
1IeCiB 30iJbIIYETHCS TUCK B iHTEPCTULIT i BAHUKAE HA0-
psk. IligBUIeHUIT TUCK Y TepMiHAJIbHOMY CYAMHHOMY
pyclli BilKpuBa€e apTepioBEHO3HiI aHACTOMO3H, SIKi Ipa-
LIOIOTh K KOMIIEHCATOPHUM MeXaHi3M IIPOTU ILIEHT-
panizauii kpoBooOiry. IlimBuiieHuii o0’eM piguHU B
MiXKIITUHHOMY TIPOCTOPi i LIeHTpasti3alliss KpoBOOOiry,
sIKa MOX€e BUHUKHYTH, He3BaXKaloul Ha KOMIIEHCATOPHI
aHACTOMO3M, CIPUSIIOTh BIATOKY PIAMHM TiIbKUA IO
niMdaTtnyHiit cucremi. K HacIiIOK, Bce «<HABaHTAXKEH-
HsI» mpunanae Ha JiMbaTuaHi cynuHu. OgHak BoHU Oe-
pPYTb Ha cebe He TUTbKU PinKy a3y KpoBi, ajie ii BUCOKO-
MOJIEKYJISIpHI OiIKM, TOKCUHU, MeTadoJiTu OakTepii,
TUM CaMUM ITiIBUIILYIOYM TOKCUYHICTh JiMbU i JTiMpori-
ponykuito. 3 TakKUMM MiABUIIEHUM BiATOKOM JiMbu
JimpaTuyHa cucTemMa He CIIpaBisETbCA, JiM(aTUUHi Cy-
IUHUA PO3ILIAPIOIOTHCS, 110 IPU3BOAUTH IO PO3BUTKY
nimdaHriTiB i JiMmdaneHiTiB. Yepes rpydboaucriepcHi Bu-
COKOMOJIEKYJISIPHi OiIKM TOKCHHIB OakTepiii, Jimpa Ha-
OyBa€ MiABMUILIEHOI B’I3KOCTi, 3pOCTalOTh BMICT JIiMiAiB,
KOHIIEHTpallisg (piOpMHOTeHY, KOaTyJIIolodi BIaCTUBOCTI,
110 MPU3BOIUTH 10 MMOCUJIEHHS HAOPSIKY i IporpecyBaH-
Hs 3amajieHHs. [IporpecyBaHHsI OEIIMXU CTBOPIOE YMO-
BU 18 (PYHKILIOHAAbHOI OE€KOMIMEHcalil CUCTeMU
MiKpOLMPKYJISILIL, 1110 CBOEID YeProio MiABUILYE PUBMK
yacTUX peuuauBiB. IcHye nymka, 110 JiMpaTudHi cyau-
HU i BY3JIM TIiCJISI TIEPEHECEHOI OEIINXU MOXYTh OyTU
BOTHMILIEM €HIOTeHHOI iHTOKCHKALlii 1 CTBOPIOBATH
YMOBH JIJ1s] BAHUKHEHHS peunausiB [29, 35].
CXWIBbHICTh 10 BAHUKHEHHSI BOTHUIIA OSIINXU TaKOXK
MOoB’si3aHa 3i 3HWKEHHSIM MICLIEBOTO iMYHITETY, KOJIU
IIKipa He JOCUTb J0O0pPEe BUKOHYE OAHE i3 TOJOBHUX
CBOIX 3aBIaHb — 3aXMCT OPraHi3My BiJ NMPOHUKHEHHS

tion. Normally, the venous lymphatic system is an
important part of the microcirculation. On venules
and veins there is an outflow of blood and metabo-
lites of the fabrics which are in it, and also thanks to
venous system blood is evenly distributed on all cir-
culatory system. At the same time, due to the lack of
a basement membrane, lymphatic capillaries are
highly permeable to large molecules and particles
with a molecular weight greater than 20,000 dal-
tons). Toxic bacteria mainly have a molecular weight
of 30,000—100,000 daltons and are therefore loca-
lized in the lymphatic system. To prevent the spread
of bacteria, the body responds with compensatory
vasoconstriction of postcapillary vessels, which leads
to a decrease in oncotic pressure in the intercellular
space. The accumulation of products of tissue me-
tabolism in the intercellular space leads to hypoxia,
resulting in dilation of precapillary vessels, increased
blood flow. As a result of these compensatory
processes, the pressure in the interstitium increases
and edema occurs. Elevated pressure in the terminal
vascular bed opens arteriovenous anastomoses,
which act as a compensatory mechanism against the
centralization of blood circulation. Increased fluid
volume in the intercellular space and centralization
of blood circulation, which can occur despite com-
pensatory anastomoses, promotes the outflow of
fluid only through the lymphatic system. As a result,
all the «load» lymphatic vessels take over. But they
take on not only the liquid phase of the blood, but
also high-molecular proteins, toxins, bacterial
metabolites, thereby increasing the toxicity of lymph
and lymphatic production. With such an increased
outflow of lymph, the lymphatic system can not
cope, the lymphatic vessels dilate, which leads to the
development of lymphangitis and lymphadenitis.
Due to the coarse macromolecular proteins of bac-
terial toxins, the lymph becomes more viscous, lipid
content, fibrinogen concentration, coagulating
properties increase, which leads to increased edema
and progression of inflammation. Progression of
erysipelas creates conditions for functional decom-
pensation of the microcirculation system, which in
turn increases the risk of frequent recurrences. It is
believed that lymph vessels and nodes after erythema
may be a source of endogenous intoxication and cre-
ate conditions for recurrence [29, 35].

The predisposition to the outbreak of erysipelas is
also associated with a decrease in local immunity,
when the skin does not perform well enough one of
its main tasks — to protect the body from infection.
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indexuii. ITicns mepuroro emizomy OEUXU y Malli€HTIB
3 liMbeaeMoro iCHye BUCOKUI PU3UK PelUaNBY (TTOHA
50 % mpoTATOM IEPIIOro POKY 3aXBOPIOBAHHS) i BiH
3pOCTa€ 3 KOXXKHUM peliuauBoM [29, 34].

ITpu nikyBanHi PM3, gk onepaTuBHOMY TakK i TpoMe-
HEBOMY, BUHMKAE TIOIIKOKEHHS TKaHUH, SIKe TIPU3BO-
INTh 10 pybueBoi TpaHcdopmMmairii. IIporiec 3aroeHHS
TKaHMH MOYMHAETHCS OJpa3y IMiC/Isl iXHbOI'O YIIKOIXKEH-
Hs i ckJlagaeThes 3 TakMx ¢as: 3amajabHoi, MpoJidepa-
TUBHOI, BiTHOBIEHHS 1 Hidbpo3y [27, 36]. Didpo3 saBise
co0010 HaJMipHe HaKOIIMUYEHHSI KojlareHy Ta iHIIuX
KOMITOHEHTIB MO3aKJIITUHHOI MaTPHIIi ITiC/IsI TOJIOMKU B
HOpMaJbHOMY OayiaHCi i cuHTe3y i Aerpaganii. TkaHUH-
Ha MO3aKJiTUHHA MaTPULISl CKJIAMAEThCS i3 cyMillli OiI-
KiB (KOJIareH Ta eJacTUH), TJIKOIPOTEiiB i MPOTEOTTi-
KaHiB (¢piOpOHEKTHH, JIaMiHiH, TEHACIIUH), TJIIKO3aMiHO-
riikaHiB (rermapuH, XOHIPOITMHCYJIb(AT), 110 3HAX0-
ISThCS B TeJIi TiaJlypOHOBOI KMCJIOTH, SIKMI CKJIAHA€ThCS
3 TOBTMX JIAHIIIOTIB TTOTicaxapyuaiB. Y TIOOWHY BigoMmi 42
TeHH, SKi BiIMOBiZaloTh 3a CMHTEe3 KoyareHy. Haremep
BU3HaUYeHO OM3bko 40 TUMIB KoJIareHy, i3 HUX Haii-
OiNIBII PO3MOBCIOMKEHUM Y moauHu € Turu 1 Ta 111 [36].

[1pu BUBYeHHI MOP(OJIOTIYHUX 3MiH Y JIIOIeH onrcaHi
CYIMHHI 3MiHU, 1110 PO3BMUBAIOTLCS MPOTATOM JAEKiJIbKOX
TUKHIB TICII ONMPOMiHEHHSI, BUKJIUKAIOUM 3BYXXEHHS i
o0JtiTepallilo KamnisipiB, HAOPSIK €HI0TEJIiI0 3 ocepeaKa-
MU (pibpo3y i eHmoTemiaabpHOI rinepriasii. Engoremianb-
Ha TinepIruiasis BiiMidyeHa TaKoX y BEJIMKMX CyAWHax, B
apTepisgx i BeHax. 3MEHIIEGHHS KiJIbKOCTi KaIlijaspiB
CIOPUYMHSE illIEMil0 TKAHWHM, 110 TaKOX € OAHIi€l0 3
MPUYMH PO3BUTKY i TIporpecyBaHHs (piopo3y. Hakomm-
YeHHsI MaKpoariB MiJ iHTUMOIO OIUCYETHCS SIK TUIIOBA
MopoJoriyHa KapTUHA XPOHIYHOTO paialliifHOro Bac-
KYJIiTY, 1110 HAaraaye npy LbOMY MOP@OJIOriuHi 0co0I1-
BOCTi aTepOCKIEPO3y, B IKOMY MaKpodaru € OCHOBHUM
JKEpeJIoM CUHTe3y (hiOporeHHUX UMTOKiHIB [27,
36—38]. I1pu mocimkeHHi IKipyu MOJOYHOI 3a1031 Ye-
pe3 1—5 pokiB micJisl ONMPOMIHEHHSI B CyMapHili BOTHU-
meBiii mo3i 50 Ip 3a 25 ¢paxiiit 6ym0 BCTaHOBJIECHO
3pOCTaHHS BABiUi TEMITiB CUHTE3y KoJiareHy TuIliB I Ta
[T y mepii poku, a TaKOX 03HAKM JAerpaailii KojareHy.
BigmiueHo 30iblIeHHS KiJIBKOCTI (pidbpodaacTiB i uuciia
OIMaCUCTUX KJIITUH Yy BEPXHbOMY 1uapi wkipu [39, 40].

ITpo meTaboiaM OCHOBHOTO 0ijiKa IIKipy KoJlareHy B
yMoBax aii IB MoxHa cynuTH 3a KiJbKiCTIO IOro Map-
KepHOI aMiHOKHWCJIOTHU TiApOKCUIMPOJiHYy B OpraHax i
TKaHWHaX. 3MiHa piBHS TiAPOKCUTIPOJIiIHY B CHUPOBATII
KpOBi XBOpUX MOXe OyTH TOKAa3HUKOM IOpYyIIeHb
OOMiHY KoJIaTeHY B KPUTUYHOMY JUIS JaHOI MaTOJIOTil
oprati, ocobiuBo B onpomiHeHii mkipi pu I1T. ¥V cu-
poBaTLi KPOBi MAPOKCUIIPOJIiH BU3HAYAETHCS Y BiIbHO-

After the first episode of erysipelas, patients with
lymphedema have a high risk of recurrence (more
than 50 % during the first year of the disease) and it
increases with each recurrence [29, 34].

In the treatment of breast cancer, both surgical
and radiation, tissue damage occurs, which leads to
scar transformation. The process of tissue healing
begins immediately after their damage and consists
of three phases: inflammatory, proliferative, reco-
very and fibrosis [27, 36]. Fibrosis is an excessive
accumulation of collagen and other components of
the extracellular matrix (EM) after failure in the
normal balance of its synthesis and degradation.
Tissue EM consists of a mixture of proteins (collagen
and elastin) glycoproteins and proteoglycans (fib-
ronectin, laminin, tenascin), glycosaminoglycans
(heparin, chondroitin sulfate), which are in the gel
of hyaluronic acid, which consists of long chains. In
humans, 42 genes are known to be responsible for
collagen synthesis. To date, approximately 40 types
of collagen have been identified, of which the most
common in humans are type I and type 111 [36].

In the study of morphological changes in humans
described vascular changes that develop within a few
weeks after irradiation, causing narrowing and oblit-
eration of capillaries, endothelial edema with foci of
fibrosis and endothelial hyperplasia. Endothelial
hyperplasia is also observed in large vessels, arteries
and veins. Decreased capillaries cause tissue ische-
mia, which is also one of the causes of the develop-
ment and progression of fibrosis. The accumulation
of macrophages under the intima is described as a
typical morphological picture of chronic radiation
vasculitis, resembling the morphological features of
atherosclerosis, in which macrophages are the main
source of synthesis of fibrogenic cytokines [27,
36—38]. In the study of breast skin 1—5 years after
irradiation in a total focal dose of 50 Gy for 25 frac-
tions, the rate of type I and I1I collagen synthesis was
doubled in the first years, as well as signs of collagen
degradation. An increase in the number of fibrob-
lasts and the number of smooth cells in the upper
layer of the skin was noted [39, 40].

The metabolism of the main protein of collagen
skin under the conditions of IR can be judged by
the amount of its marker amino acid hydroxypro-
line in organs and tissues. Changes in the level of
hydroxyproline in the serum of patients may be an
indicator of collagen metabolism in a critical
organ for this pathology, especially in cases of PT
in irradiated skin. In serum, hydroxyproline is
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MY i 3B’13aHOMY 3 OUJIKaMU Ta TeNTUAaMU BUTJIsAi. Bib-
HUI TiAPOKCUIIPOJIiH BimobOpaxkae mpolecu aerpamaiii
KOJIareHy, a TIeNTHUIHO-3B’I3aHNI1 37e0ibIIIOTO BKa3ye
Ha iIHTEHCUBHICTb CUHTE3Y KOJIareHy, OCKiJIbKM OCHOBHA
oro KiJIbKIiCTh HaJEXUTh A0 (pparMeHTiB N-KiJIbLIEBUX
OpoIenTUaiB KonareHy I Tumy, sIKi BiAlIEII0I0ThCS Ha
KiHIIEBUX eTarnax CMHTe3Y i mpoliecy (popMyBaHHS KOJIa-
reHy | Tumy, oCHOBHOTO TUITy KoOJareHy IIKipu. Baxkin-
BE 3HAUEHHS Ma€ CITiBBiIHOILLIEHHS BiJIbHOTO i 3B’sI3aHO-
ro TiAPOKCUIIPOJIiHY, 11O BKAa3y€ Ha CTYMHiHb aKTUBallil
00MiHy KoJtareHy B 1iyiomy [41—43].

IMicng mposenenHs kypcy IIT BinOyBaeThcst moc-
TOBipHE TMiABUINEHHS BMICTy BCiX CHPOBATKOBUX
(paxkuiit rigpokcunpoainy Ha 25—45 % BimHOCHO HOp-
mu (p < 0,06). [Ipu LbOMY ITepeBaka€e 30LIbIICHHS KiJlb-
KOCTi 3B’$I3aHOTO TiZpOKCUIIPOJiHy Ha 35,6—45,6 %
BiJHOCHO TMOKAa3HMKIB, SIKi Maiu Micue a0 rnouyarky I1T.
®paxiiist BUTBHOTO TiIPOKCHUIIPOIIHY TaKOX JOCTOBIPHO
30iJIbINYETHCS HE TiJIbKM BIZHOCHO HOpPMAJIbHUX 3Ha-
YeHb, ajie 1 BiTHOCHO MOKA3HMUKIB BiILHOTO TiIPOKCHUII-
poJliHy B TiciasonepauiiHomy mnepioai. 30iIbLISHHS
BMICTY BiJIbHOTO TiAPOKCUIIPOJIIHY AEMOHCTPYE PYHHY-
BaHHSI CITOJIYYHOI TKAHMHU B 30Hi OIIPOMiHEHHS, a Maii-
xKe 1,5-KpaTHe 30iiblIeHHs KOHLEHTpallil 3B’s13aHOrO0 i
3araJiIbHOTO TiIPOKCUITPOIiHY MOXKE CBiTUYUTHU PO aKTH-
Ballif0 IIPOIIECIB KOJIAaT€HOYTBOPEHHSI 3 PO3BUTKOM
¢iopo3sy [43]. HexkoHTposbOBaHA aKTWBALIisl CUHTE3Y i
HaKOMUWYEHHs KoJIareHy B OMPOMiHEHil LIKipi i Tpuier-
JINX TKAaHWHAX MOXYTb MPU3BOAUTHU 0 ii (hidOpoTH3allii,
a TIi3Hillle 10 PO3BUTKY MPOMEHEBOro (piopo3y ILIKipH,
SIKMIA TOCUTh YaCTO € HebaKaHUM BiAJaJ€eHUM HACJila-
KOM Jii pamiauii [27, 36, 43].

[o3a dpakiiioHyBaHHS i TPUBATICTh OIPOMiIHEHHS € OC-
HOBHUMM (pakTOopamMu pO3BUTKY ¢idpo3sy [25, 44, 45].
lNnmodpaxiioHoBaHe OIMPOMiIHEHHSI BHKJIWKAE 3HAYHO
OiNBIITY YacTOTY pO3BUTKY (piOpo3y, HixK 3BUYAHUI pe-
xuM (ppaxiionyBanHst (57 % nipotu 16 %) 25, 46]. Binbin
BUCOKY YaCTOTY PO3BUTKY IiAIIKIpHOro (pidpo3y Biamiva-
10Th yepe3 15 Micsauis micast onpomineHHs (33 %) [47].
VYV nBOX pi3HUX He3aleXHUX JOCTiIKEHHSIX IOKa3aHo,
o y 3,2 % nauieHTiB po3BUHYBCS (HiOPO3 MOJIOYHOI 3a-
Jio3u yepe3 24 Micsaui micas intpaonepauiitHoi T1T, gky
BUKOHYBaJIM TIiJi Yac opraHo3oepirarouoi omeparrii. Jla-
HUI1 moKa3HuK aocsirae 33 % micis 48-micsiaHOTO 0OCTE-
xxeHHd [48, 49]. Kpim Toro ¢ibpo3 moxe OyTH MoB’si3a-
HU 3 iCHYIOUMMM KOJIareHOBUMHU 3aXBOPIOBaHHIMMU [50],
i3 CyIyTHiIM ab0 MmogaablliM NPOBEAECHHSIM XiMioTepa-
mii [51, 52], BikoM matieHTiB [53] i BHYTPIlIHBOIO pajio-
YYTJIMBICTIO CIOJYYHOI TKAHWHMU, SIKa € BapiaOeIbHOIO Y
pi3HMX TamieHTOK [54]. Y BuITagkax mimmkipHoro io-
pO3y Yac JOCSATHEHHSI BU3HAYE€HOrO CTYIIeHSl peakliil

determined to be free and bound to proteins and
peptides. Free hydroxyproline reflects the proces-
ses of collagen degradation, and peptide-bound to
a greater extent indicates the intensity of collagen
synthesis, since the main amount belongs to the
fragments of N-ring propeptides of collagen type
I, which are cleaved in the final stages of synthesis
and collagen type I, the main type of skin collagen.
The ratio of free bound hydroxyproline is impor-
tant, which indicates the degree of activation of
collagen metabolism in general [41—43].

After the course of RT there is a significant in-
crease in the content of all serum fractions of hydrox-
yproline by 25—45 % relative to normal (p < 0.06).
This is dominated by an increase in the amount of
bound hydroxyproline by 35.6—45.6 % compared
to patients who were before RT. The fraction of
free hydroxyproline also significantly increases not
only relative to normal values, but also relative to
free hydroxyproline in the postoperative period.
An increase in the content of free hydroxyproline
demonstrates the destruction of connective tissue
in the irradiation zone, and almost 1.5-fold
increase in the concentration of bound and total
hydroxyproline may indicate the activation of col-
lagen formation processes with the development of
fibrosis [43]. Uncontrolled activation of collagen
synthesis and accumulation in irradiated skin and
adjacent tissues can lead to its fibrotization, and
later to the development of radial skin fibrosis,
which is often an undesirable separate conse-
quence of radiation [27, 36, 43].

Fractionation dose and duration of irradiation are
the main factors in the development of fibrosis |25,
44, 45]. Hypofractionation irradiation causes a much
higher incidence of fibrosis than the usual frac-
tionation regime (57 % vs. 16 %) [25, 46]. A higher
frequency of subcutaneous fibrosis is observed 15
months after irradiation (33 %) [47]. Two different
independent studies have shown that 3.2 % of
patients developed fibrosis of the breast 24 months
after intraoperative RT, which was performed dur-
ing organ-sparing surgery. This figure reaches 33 %
after 48 months of examination [48, 49]. In addi-
tion, fibrosis may be associated with existing colla-
gen diseases [50], with concomitant or subsequent
chemotherapy [51, 52]. The age of patients [53]
and the internal radiosensitivity of connective tis-
sue, which is variable in different patients [54]. In
cases of subcutaneous fibrosis, the time to reach a
certain degree of reaction increases with increas-

25 ®



ornsaaosi CTATTI

ISSN 2304-8336. [po6nemu pagiauiiHoi meguuynny 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2021. Bun. 26.

30iIBIIYETHCS BiAMOBIIHO A0 3pOCTaHHS CTyIeHs (idpo-
3y, IO Y3TOMIKYETHCS 3 KIIIHIYHUMHU CIIOCTEPEKEHHSIMU,
mo ¢$idpo3 3 yacom mporpecye [55]. Didpo3 gBisgE co-
0010 CKJIAIHY BiIMOBigb TKAHWH, TMEpeBaXkalouMMM Xa-
paKTEepUCTUKAMU $SIKOi € MAacCHMBHE BiAKJIagaHHS I10-
3aKJIITUHHOTIO MaTpUKCY i HaaMipHa mposidepatist dio-
pobaactiB. Lleit guHaMiYHMIA TIpoLIeC BMUKAE TIOCTiliHE
peMoneNlioBaHHA TKAaHWHM i aKTuBallilo (iopodiacTiB
MPOTATOM TpUBajioro yacy [25, 36]. INauienTtu 3 ¢idbpo-
30M MOXYTb BiTuyBaTH Oijib, peTpakililo Ta YIIiTbHEHHS
IIKip1, 00OMeKeHHS pyXy pyK Ta IIui, TiMmdeaeMy, HeKpo3
i BUpa3ku 1mkKipy. Midpo3 mKipy i miamKipHOI KJIiTKOBH -
HU 3a3BUYaii JiarHOCTYIOTBCS 32 JOIOMOTOIO OIJISITY Ta
nanbiyBaHHg [25, 27, 36, 45].

IMTauientu, ki orpumyBanu I1T, cxuiabHi 10 PU3UKY
PO3BUTKY BTOPMHHUX 3JIOSIKICHUX HOBOYTBOPEHb
wikipu. ITigBuieHu pu3rMK po3BUTKY paKky IIKipA MO-
K€ TPUBATU BCE XKUTTS, 3aJI€XKUTh Bil J03U Ta 30iJb-
LIYETHCS MTPOTSITOM KUTTs NaLieHTa [25, 56].

VY OGinblIocTi BUMAIKIB B AiMSHIII BUPA3KU PO3BUBaA-
€TbCS TIOCKOKIIITUHHUI paK, 4acTO BUCOKOAUMEpPEH-
HiloBaHUWi, pigme — noMipHoaudepeHuiiioBaHuii [57,
58]. B ocranHi pokm B TeHe3i pi3HMX (OpM ILIOC-
KOKJIITUHHOT'O paKy aKTUBHO OOTOBOPIOETHCS POJIb MY-
Tarii reHa 7P53, oMHOTO 3 KJIIOYOBUX T€HiB-CYITPECOpiB
nyxauHHOTo pocty [58, 59]. IInoCKOKIITUHHUI pak
LIKipY — 3/10sIKiCHa eIliTesliadbHa MyXJIMHA, sIKa PO3BU-
BA€ETLCY i3 KEpaTUHOLUTIB i 34aTHA BUPOOJISITU Kepa-
TUH. MeTtacTa3yBaHHS ITIOCKOKJIITMHHOIO paky, 110 BU-
HUK Ha (POHi aKTUHIYHOTO KepaTo3y, BinoyBaeTbcsay 0,5 %
BUMAAKIB, ay BOTHMIIAX PEHTT€HiBCHKOIO AEPMATUTY Y
20 % [59].

YV 1948 poui Brepiue 0yyo onucaHo cuHapoMm CTroap-
ta-TpeBca (FEW. Stewart, amepukaHCbKMIi m1aToaor; N.
Treves, aMepUKaHCHEKUI Xipypr), SKUI XapaKTepU3YETh-
Cs1 pO3BUTKOM aHTiOCAapKOMH Ha TJi TpuBaJioi Jimdene-
MU KiHLiBKM, 4YacTillle BCbOr0 BHACIAOK paauKalbHOL
MacTeKTOMii, 0COOJIMBO B ITOENHAHHI 3 IPOMEHEBOIO Te-
pamieto [60, 61]. XBopoba XxapaKTepuU3y€EThCsI BUCOKOIO
3JI0SIKICHICTIO, arpeCMBHUM T1epediromM 3 MeTacTa3yBaH-
HSIM B JIETE€HI i TTeUiHKY, iIHKOJW B HAAHUPHUKU, TEUHU-
KM Ta iHILI OpraHu, 5-piuyHa BUKMBAHICTb CTAHOBUTD BiJl
10 no 18 % [62].

3HayHi XipypriyHi BTpydyaHHs i MpoMeHeBa Tepartist
npwu JiikyBaHHI PM3 npu3BoasTh 10 MOPYIIEHHS Tapa-
METPiB apTepiabHOIO i BEHO3HOTO KPOBOTOKY BEPXHbOIL
KiHLiBKM [63—65].

3MmiHu 06’emHOro KpoBoToKy (Vid) BepxHBOI KiH-
IiBKM, a caMe 30iTbIIEHHS TTPUTOKY apTepialbHOIT KPOBI
Y XBOpHUX, SIKi ITIepeHEeCIN paauKallbHi onepallii 3 MpuBO-
oy PM3, cnig moB’g3yBaTh 0e3MmocepeIHbO 3 OIe-

ing degree of fibrosis, which is consistent with
clinical observations that fibrosis progresses with
time [55]. Fibrosis is a complex tissue response,
the predominant characteristics of which are mas-
sive deposition of the extracellular matrix and
excessive proliferation of fibroblasts. This dynamic
process involves constant tissue remodeling and
activation of fibroblasts for a long time [25, 36].
Patients with fibrosis may experience pain, retrac-
tion and tightness of the skin, limited movement of
the arms and neck, lymphedema, necrosis and
skin ulcers. Fibrosis of the skin and subcutaneous
tissue is usually diagnosed by examination and pal-
pation [25, 27, 36, 45].

Patients receiving RT are at risk of developing
secondary malignancies of the skin. The increased
risk of skin cancer can last a lifetime, depending
on the dose and increasing during the patient’s
life [25, 56].

In most cases, squamous cell carcinoma develops
in the area of the ulcer, often highly differentiated,
less often moderately differentiated [57, 58]. In re-
cent years, the role of mutations in the 7P53 gene,
one of the key suppressor genes for tumor growth,
has been actively discussed in the genesis of various
forms of squamous cell carcinoma [58, 59]. Squa-
mous cell skin cancer (squamous cell carcinoma) is a
malignant epithelial tumor that develops from ker-
atinocytes and is capable of producing keratin. Meta-
stasis of squamous cell carcinoma, which arose on
the background of actinic keratosis, occursin 0.5 % of
cases, and in the foci of X-ray dermatitis in 20 % [59].

Stewart-Treves syndrome (FW Stewart, Ameri-
can pathologist; N. Treves, American surgeon) was
first described in 1948, characterized by the devel-
opment of angiosarcoma on the background of
prolonged limb lymphedema, most often due to
radical mastectomy, especially in combination
with radiation therapy [60, 61]. The disease is
characterized by high malignancy, aggressive
course with metastasis to the lungs and liver, some-
times to the adrenal glands, ovaries and other
organs, 5-year survival is from 10 to 18 % [62].

Significant surgical interventions and radiation
therapy in the treatment of breast cancer lead to a
violation of the parameters of arterial and venous
blood flow of the upper extremity [63—65].

Changes in the volumetric blood flow (Vid) of
the upper extremity, namely an increase in arterial
blood flow in patients who have undergone radical
surgery for breast cancer should be associated
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paliifHOIO TpaBMOIO, B pe3yJIbTaTi IKO1 BilOyBaeThCS Te-
peciueHHs BEJIMKOI KiJIbKOCTi MaJIeHbKHUX HEPBOBUX BO-
JIOKOH, III0 IIPU3BOAUTD IO BTPATU CUMIIATUKO-BA30KO-
HCTPUKTOPHOTIO KOHTpoIIo [66, 67]. Lle nmpu3BoauTh 10
3MiHA CYIMHHOTO KOMIIOHEHTY 3i 3MiHaMM CYAWHHOI
CTiHKM apTepiii, 3HUXXEHHS il BAa30KOHCTPUKTOPHUX i
€JJaCTUYHUX BJIACTUBOCTEM, 110 3HAXOAUTh CBOE Bim0OO-
paxkeHHs B 3MiHi iHgeKkcy nepudepuaHoro omnopy (RI),
nynabcatiiHoro ingexcy (PI) [63].

3HkeHHS Vvol Moxe OyTM O0YMOBJIEHO BUPAXKEHUM
cna3MoM apTepiajabHOI CyIMHU a00 MEXaHIYHOIO Tepell-
KOJOI0 SIK BCcepeInHi CyInHU (eMOO0JI, aTepOCKIePOTUYHA
OJsisiika), Tak i 30BHi (pyOlieBa aecdbopMaliisi M’ IKAX TKa-
HUH, 110 OTOYYIOTh CYAMHY, CIa3M M’s3iB B MiCLSIX MPO-
XOIIKEHHSI MaricTpaJlbHUX apTepiii). B mesakux Bumagkax
nagiHHsa Vvol Mmoxe OyTu TTOB’s13aHe 3 HeaJeKBaTHOIO PO-
6oTo10 cepusi. OCHOBHUM (DaKTOPOM, 11O TTPU3BOAUTH 10
3HWKEHHS apTepialbHOro IMPUTOKY ITiCasl XipypriuHOro
nmikysanHg Ta I1T, cim BBaxkaTu crmasMm M’s13iB, 4epes sIKi
MPOXOIUTH MaricTpaibHa apTepis (OCKiIbKU Wit opMy-
BaHHS pyOleBOiI Aedopmallii MoTpibeH mocTaTHi Mpo-
MiXOK 4acy), 1110 3a0e3mneuye mocTayaHHs KPOBi 10 PyKH,
a caMe IepeIHbOro JpabuHyacToro m’s3a [63].

ITicns pagukanbHOrO XipypriuHoro JikyBaHHs i [1T y
67—90 % BUIANKiB BUSBJISIOTHCS €KCTpaBa3alibHi CcTe-
HO3M TIaXBOBO-ITIIKJIIOYMYHOTO CETMEHTY BEHH, Pi3HO-
ro cryrneHs i gosxuHu. I1pu upomy 6inbin HiXX y 40 %
XBOPHMX MaOTh Miclie 3HauHe 3By:KeHHsT BeHU (50—75 %)
Ta OKJII03ii [65, 68, 69]. He3Baxarouu Ha Te, 110 eKCTpa-
BasaJbHi CTEHO3M 3a3HA4YCHOIO0 CErMEeHTY BEHH
3yCTPivaroThCsl JOCUTh YacTO, reMOJMHAMIUHO 3Havy-
IIMMY BOHU €, 3a JTaHUMU Pi3HUX aBTOPIB, y Bix 24,2 %
1o 62 % BumankiB. Taki po30iKHOCTI JaHUX BBaXKalOTh
MOB’SI3aHUMU 3 BUKOPUCTAHHSIM pPi3HUX METOIMK
JOCJIIIXKEHHSI BEHO3HOI0 KPOBOTOKY — iedbomMaHO-
MeTpii, ¢paebdorpadii, yIbTpa3ByKOBOI JOMIIEPiBChKOL
dnedorpadii [69, 70, 71]. ExcTpaBa3aibHi CTEHO3MU,
MOB’s3aHi 3 PO3BUTKOM pPYOLIEBUX 3MiH HaBKOJIO CY-
JMHHO-HEPBOBOro nyyka i B 13,7 % BoHM NOB’s13aHi 3
pyOLIEBUMU TIEPEPOIKEHHSIMU CYIMH, SKi OyJIu mepe-
B’sI3aHi i mepeciueHi, a TaKOXX 3 PO3BUTKOM HaBKOJIO JIi-
raTyp, HaKJIaleHUX ITiJ1 9ac paguKaJIbHOTO OIlepaTUBHO-
ro BTpY4YaHHSI, Ipy0o01 CITOAYy4YHOI TKAHUHU. Bilblil TSK-
KM pyOLIeBUI TIpoLieC MOB’si3aHui 3 (piOpO3HUM Mepe-
POMXKEHHSIM TKAHUHU TPYTHOTO M’SI3Y TIiJ Ti€I0 IIpoMe-
HeBOI Tepamii, BHACiIOK YOro YTBOPIOETHCS CBOEPIiI-
HUI «aHLOUP», SKUI MTOKPUBAE i CTUCKAE TTiAKIIOUNY-
Hy BeHy [65, 69].

IeMoarHaMiuHO 3HAYYIlE 3AaBJICHHS apTepiil Biamiue-
HO Yy 32 % Ha CTOpPOHi onepaTUBHOrO BTpydyaHHs. [Ticis
ONepaTUBHOIO i MPOMEHEBOIO JIIKyBaHHSI BiOYBa€ThCS

directly with surgical trauma, which results in the
intersection of a large number of small nerve
fibers, leading to loss of sympathetic-vasoconstric-
tor control [66, 67]. This leads to a change in the
vascular component with changes in the vascular
wall of the arteries, reducing its vasoconstrictor
and elastic properties, which is reflected in the
change of the peripheral resistance index (RI),
pulsation index (PI) [63].

Decreased Vvol may be due to severe arterial
vasospasm or mechanical obstruction both inside
the vessel (embolus, atherosclerotic plaque) and
externally (scarring of the soft tissues surrounding
the vessel, muscle spasm at the sites of the main
arteries). In some cases, a drop in Vvol may be due
to an inadequate heart function. The main factor
that leads to a decrease in blood flow after surgery
and PT is necessary to consider the spasm of the
muscles through which the main artery passes
(because the formation of scarring requires a suf-
ficient period of time), which provides blood sup-
ply to the hand, namely the anterior ladder mus-
cle [63].

After radical surgical treatment and RT in 67—90 %
of cases, extravasal stenoses of the axillary-subcla-
vian segment of the vein, of varying degree and
length (length) are detected. At the same time,
more than 40 % of patients have a significant nar-
rowing of the vein (50—75 %) and occlusion [65, 68,
69]. Despite the fact that extravasal stenoses of this
segment of the vein are quite common, hemody-
namically significant they are, according to various
authors, from 24.2 % to 62 % of cases. Such data
discrepancies are considered to be related to the use
of different methods of venous blood flow study —
phlebomanometry, phlebography, ultrasound Dop-
pler phlebography [69, 70, 71]. Extravasal stenoses
are associated with the development of scarring
around the vascular-nervous bundle and in 13.7 %
they are associated with cicatricial degeneration of
vessels that have been bandaged and crossed, as well
as with the development around ligatures that were
imposed during radical surgery, coarse connective
tissue. A more severe scarring process is associated
with fibrous degeneration of the pectoral muscle tis-
sue under the influence of radiation therapy, result-
ing in the formation of a kind of «shell» that covers
and compresses the subclavian vein [65, 69].

Hemodynamically significant compression of
the arteries was observed in 32 % on the side of sur-
gery. After surgical and radiation treatment there is
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3pOCTaHHS CTYIIEHS 3[aBJIEHHS MiIKJIIOUMYHOI apTepii
[70-72].

IIpotsarom 12 Mics1liB micIst OIIepaTUBHOTO JIIKYBaHHS i
[T maiixe y Bcix xBopux (99,42 %) He3MiHHO (hOPMYETh-
csl, a TIOTiM TIPOrPECUBHO PO3BUBAETLCS CUHIPOM IIe-
PEIHBOIO JpabUHYACTOro M’s13a, 110 3a0e3Ieuye CTadilb-
HY KOMIIPECil0 HEPBOBO-CYAMHHOTO ITy4Ka BEePXHbOI
KiHuiBKu. KJTiHiuHi posiBU cKaJleHyC-CUHIPOMY Ha 0OIli
paIvKaJbHO MPOBEACHOTO JIIKyBaHHS OYJO BUSIBJICHO Y
65,45 % Bunankis[70, 72, 73]. OueBUAHO, 110 B OCHOBI
(opMyBaHHSI CKaJeHYC-CUHAPOMY y XBOpHUX, SIKi Iiepe-
HeCIu paguKajibHe JIiKyBaHHS 3 npuBomy PM3, nexarb
crielivHi peaxilii, 1110 BinOYBalOTbCs y BIAMOBIIb Ha ar-
pecito XipypriyHoro i IpoOMEHEBOI0 METOAIB JIiKyBaHHSI.
BcTaHOBIEHO CTATUCTUYHO TOCTOBIPHE 3HMXKEHHS 1LBU/I-
KOCTi KpPOBOTOKY Ha 0Ol1Ii CKaJleHyCc-CHHIPOMY B TIJICUOBIil
aptepii Ha 31,4 % i B nikTHOBIN Ha 11,9 % [65, 72].

Po3BUTOK pi3HUX M’SI30BUX CUHIPOMIB, 1110 BUHUKA-
IOTb BHACJIiIOK IIPOBEAECHHS CHEeLiaIbHOIO JIiKyBaHHSI
PM3, TicHo nOB’s13aHM1 3 pO3BUTKOM MOPYILIEHb iHHEP-
Ballil TJIEYO-JIOMAaTKOBOTO PETIOHY i € Ti€l0 HABaXKJIMBi-
111010 JIAHKOIO B IMaTOreHes3i mopylieHHs QYyHKIIi1 Bepx-
HBOI KiHLIBKM. Y 3Ha4HOI KiJibKOCTi xBopux (10 90 %) B
micasionepamiiHoMy MepioJi CIOCTepPiraloThCsl perio-
HapHO-CUTMEHTAapHiI HEeBPOIIaTUYHi po3Jaau, sKi Mpo-
SIBJISIIOTHCS TIJIEYOBOIO IJIEKCOMNATi€I0, HEHPOTPODiUHU-
MU 1 HEUPOCYAUHHUMU NOPYILUEHHSIMU. Y BilJaJeHOMY
nepiofi ypaxkeHHsST HEPBOBUX CTOBOYPIB IJIEYOBOIO
CIUIETEHHSI BUHUKAIOTh, SIK MPaBUJIO, B pe3yabraTi 0e3-
nocepeaHboi MPOMEHEBOI Ail i 3maBAeHHST PYyOLIEBOIO
TKAHWHOIO, KJIIHIYHO MPOSIBASIOTHCSI 00JIbOBUM CUH/I-
pOMOM, TIOpYILIEHHSIM (YHKIIii M’SI3iB TIJIEYOBOTO MOSICY
Ta BEPXHbOI KiHIIiBKM, MJIEKCUTAMU, SIKi MPU3BOISITDH 10
3HMKEHHSI 00’€MY aKTMBHUX PyXiB, i MadiHHIM edek-
TUBHOCTI M’I30BO-CYIMHHOIO Hacocy [63, 73, 74].

PanukanbHa omepaliist i ICISIIIPOMEHEBI IATOJOTIUHI
3MiHM B M SIKUX TKaHWHAX, MOPYIIEHHS MiKPOIIUPKYJISLIi1
JiMmpu i KpoBi, MOPYILIEHHS iHHEpBallil CyAUH BEPXHbOI
KiHIIiBKH, TIepU(EepUIHNX HEPBIiB CUCTEMU IINIAHO-TIIIC-
YOBOTO CIUIETIHHS MMPU3BOASTH 10 iHTEHCUBHUX JereHepa-
TUBHO-JIECTPYKTUBHUX IIPOLIECIB Y M’ IKUX TKaHWHAaX
BEPXHbOI KiHLIiBKH, PO3BUTKY B HUX MOP(MOJOTiYHUX 3MiH
i OJANBIIIOrO MpOorpecyBaHHs pedIeKTOPHUX HEPBOBO-
CYAMHHUX i HeMpoauCcTpodiuHUX MopyleHb. TakuM 4n-
HOM, 3aMUKAETHCSI «ITOPOYHE KOJIO» ITATOJIOTIYHUX peaK-
Lil, CIpUYMHEHHUX arpeci€lo paauKaabHOI onepailii i mpo-
MEHEBOI Teparlil, 3aCTOCyBaHHS SIKMX 3a0e3Meduye paau-
KaJIbHICTh JTiKyBaHHSI XBopux Ha PM 3. 3Baxkarouu Ha ymc-
JIEHHI JaHi 111010 HECTIPUSTINBOI TepaneBTUYHOI il IB Ha
LLIKipy i OTOUYYIOUYi TKAHWHU, 4 TAKOX 3 METOIO 3MEHILIEHHS
HaJMIpHOIO MPOMEHEBOr0 HaBaHTaXKEHHSI Ha OpraHizm

an increase in the degree of compression of the
subclavian artery [70—72].

Within 12 months after surgery and RT, almost all
patients (99.42 %) invariably form and then pro-
gressively develop anterior ladder muscle syndrome,
which provides stable compression of the neurovas-
cular bundle of the upper extremity. Clinical mani-
festations of scalenus syndrome on the side of radi-
cal treatment were detected in 65.45 % [70, 72, 73].
It is obvious that the basis of the formation of
scalenus syndrome in patients who have undergone
radical treatment for breast cancer, are specific
reactions that occur in response to the aggression of
surgical and radiation treatments. There was a sta-
tistically significant decrease in blood flow on the
side of the scalenus syndrome in the brachial artery
by 31.4 % and in the elbow by 11.9 % [65, 72].

The development of various muscular syndromes
resulting from special treatment of breast cancer is
closely related to the development of innervation
disorders of the shoulder-scapular region and is
the most important link in the pathogenesis of dys-
function of the upper extremity. In a significant
number of patients (up to 90 %) in the postopera-
tive period there are regional-segmental neuro-
pathic disorders, which are manifested by shoulder
plexopathy, neurotrophic and neurovascular disor-
ders. In the long term lesions of the nerve trunks of
the humeral plexus occur, as a rule, as a result of
direct radiation and compression of scar tissue,
clinically manifested by pain, dysfunction of the
muscles of the shoulder girdle and upper extremi-
ty, plexitis, which lead to decreased active move-
ments. and a decrease in the efficiency of the mus-
culoskeletal pump [63, 73, 74].

Radical surgery and post-radiation pathological
changes in soft tissues, impaired microcirculation
of lymph and blood, impaired innervation of ves-
sels of the upper extremity, peripheral nerves of the
cervical-brachial plexus leads to intense degenera-
tive-destructive processes in the soft tissues of the
upper extremity and causes morphological
changes and further progression of reflex neu-
rovascular and neurodystrophic disorders. Thus,
the «vicious circle» of pathological reactions,
which are caused by the aggression of radical sur-
gery and radiation therapy, the use of which
ensures the radical treatment of patients with
breast cancer, is closed. In light of the data on the
adverse therapeutic effects of IR on the skin and
surrounding tissues, as well as to reduce excessive
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XBOpPOI, HEOOXiTHUI nrdepeHLIiiioBaHWIA TiIXiA 10 TPU3-
HayeHHSI a1’ 1oBaHTHOI IpoMeHeBoi Tepamii (AITT), sxkuit
MOBMHEH 0a3yBaTMCh Ha BHM3HAYEHHI KITiHIKO-MOpPdO-
JIOTiYHUX (paKTOpiB, 1110 BUBHAYAIOTh PU3UK PO3BUTKY JIO-
Ko-perioHapHoro peuuauBy PM3. Xapaktep i ocobau-
BOCTI KJIIHIYHOTO MPOSIBY IPOMEHEBUX ITOIIKOIKECHD BI3-
HayaroTbCsl IHAMBIAYaJbHOK padialliiHOI YYTJIMBICTIO
1110 BUKOPUCTOBYIOTb, PO3MO/IiJIOM €HEpril, sSIKa MOrIMHAa-
€THCS B OMPOMIHIOIOUOMY 00’€Mi TKaHMH, Pa30BOIO i Cy-
MapHOIO0 BOTHMILIEBOIO 03010, a TaKOX pamialliiHUM
aHaMHe30M Ta iHIMMHU dakTopaMu. [1pu LIbOMY MOXKITH-
BE BUHUKHEHHS PaHHIX i Mi3HiX TPOMEHEBUX YIITKOIKEHb.
V20 % BunanxiB cTaHAAPTHE TepalleBTUYHE OITPOMIiHEHHS
OPU3BOAUTDH IO Mi3HIX MPOMEHEBUX YILIKOIXEHb IIKipH.
A OCKiJIbKM Yac IXHBOTO MPOSIBY i CTYITiHb TSZKKOCTI 3HAY-
HO BapiloIOTh B MexKaxX OJHI€] 1031, TO, MOXJIMBO, PeaKllist
Ha OMPOMiHEHHSI 3AJIEKUTh i Bill FfeHETUYHUX (PAKTOPIB.

Braxxaemo, mo AIIT ne mokasana miciasg ME i miMmdo-
aucekuii [—II piBHS Ta cucTeMHOI Teparii y BUMagKax
HeBeJUKoro po3mipy myxivHM (Ti-2) i 3a BiICyTHOCTI
ab0 HagBHOCTI 1—3 ypaxkeHUX MyXJIUMHHUMMU KJIITUHAMU
nmimM@atnaaux By37iB (No-1) 0COOJMBO y MAIIEHTOK, SIKi
nocTpaxnanu Bia aBapii Ha YAEC Ta nmpoxuBamTh Ha
3a0pyIHEHUX TEpUTOPisIX abo MalwTh padiauiliHui
aHaMHe3. IIpu agekBaTHO BHKOHaHi aKCUJISIPHii
nmiMdoancekiiii Hemae mincTaB mis mpoBeaeHHS AITT Ha
MaxBOBY 00/1aCTh, BHACTiTOK HU3bKOTO PU3UKY PO3BUT-
Ky perioHapHoOro peLuauBy, aje € BeJarKa BipOTigHICTb
MOXJIMBUX YCKJIAIHEHb ITiCJIsI OMPOMiHEHHS. Y XBOPUX 3
TMOBHOIO TTATOMOP(OIOTIYHOIO BiITOBIIIIO TIiCJISI HEO-
an’toBaHTHOI XT 3 1 ab6o Il cramiero Ha MOMEHT AiarHOC-
THKHU, BBaxkaeMo, AIIT He moka3aHa.
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radiation exposure to the patient, a differentiated
approach to the appointment of ART, which
should be based on clinical and morphological fac-
tors determine the risk of loco-regional recurrence
of breast cancer. The nature and features of the
clinical manifestation of radiation injuries are
determined by the individual radiation sensitivity
of the patient, her age and condition, the energy
used, the distribution of energy absorbed in the
irradiated tissue, single and total focal dose, and
radiation history and other factors. At the same
time occurrence of early and late radiation dam-
ages is possible. In 20 % of cases, standard thera-
peutic radiation leads to late radiation damage to
the skin. And since the time of their manifestation
and severity vary considerably within a single dose,
it is possible that the response to radiation depends
on genetic factors.

We believe that ART is not indicated in patients
after IE and lymph node dissection of I-II level and
systemic therapy in cases of small tumor size (T-3)
and in the absence or presence of 1—3 affected by
tumor cells lymph nodes (Ny-;), which affected by
the Chornobyl accident and live in contaminated
areas or have a history of radiation. With adequate-
ly performed axillary lymph dissection, there is no
reason to perform ART on the axillary region, due
to the low risk of regional recurrence, but there is a
high probability of possible complications after irra-
diation. In patients with a complete pathomorpho-
logical response after neoadjuvant chemotherapy
with stage I or II at the time of diagnosis, in this cat-
egory of patients we believe — ART is not indicated.
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