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BIJTIATEPAJIbHU ABACKYJIAPHU HEKPO3 JIATEPAJIbHUX
MAC KPUKIB ITPU ITIOBHOMY KJ/ITHIKO-PAAIOJIOI'THHOMY
PEI'PECI IIICJISI HEOAX'TOBAHTHOI XIMIOIIPOMEHEBOI
TEPAIIII MICHIEBO ITOIIIMPEHOI'O IVCTAJIBHOI'O PAKY
NPAMOI KUIIKWU. KITHIYHU BUTIALOK

MpepcTaBneHo PiaKiCHWIA KNiHIYHWIA BUNALOK ABOCTOPOHHbLOTO ABACKYNAPHOTO HEKPO3y OiYHMX KPUKOBUX Mac y
nauieHTa 3 NOBHMM KNiHIYHMM Ta PafioNoriyHUM perpecom MicLEeBO NOLWKWPEHOTO paKy NPAMOT KMWKK nicns ximionpo-
MeHeBoi Tepanii.lloka3aHo, Wo He3Baxaloun Ha CTaHAAPTU30BaAHY i NPeuu3iiHy TeXHiKY NaaHyBaHHS, GpaKLioHyBaH-
HS i BO3MMETPUYHOTO KOHTPOJIIO 3a MPOBEAEHHAM Heoap I0BAaHTHOT XiMionpomMeHeBOi Tepanii 3 NpMBOAY MicLLeBo no-
WKMPEHOTO paKy NpAMOT KUWKM, 6ionoriyHi edeKkTy ioHi3y4oro BUNPOMiHIOBAHHA HA KPUTUYHI OPraHu MOXKYTb MaTy
Pi3HOMAHITHMI XapaKTep AIK 32 YaCOM BUHWMKHEHHS, TaK i 32 CBOEK CTPYKTypoto. OuiHi00YM edeKT Heoan'toBaHTHOT
xiMionpomeHeBoi Tepanii, cnig 6paTv [0 yBaru MOXAMBICTb PO3BUTKY HaBiTb AYKE PiAKICHUX edeKTiB i0Hi3yYoro
BUMPOMiHIOBAHHA 3 GOKY KPUTUYHUX OPraHiB i BKAKOYATH iX PaHHE BUABNEHHSA B AiarHOCTUYHUI anropuTM.
KniouoBi cnoBa: micLeBo nowmnpeHnin pak npamMoi KMLWKK, aBaCKYNAPHUA HEKPO3, HeoaA'loBaHTHA XiMionpoMeHeBa
Tepanis.
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BILATERAL AVASCULAR NECROSIS OF SACRAL LATERAL MASSES
AFTER A COMPLETE RADIOLOGICAL RESPONSE OF LOCALLY
ADVANCED RECTAL CANCER TREATED WITH NEOADJUVANT
CHEMORADIATION THERAPY. CASE REPORT

We present a rare case report of a bilateral avascular necrosis of lateral sacral masses in a patient who developed a
sustainable complete clinical and radiological response after chemoradiotherapy for locally advanced rectal cancer.
It is shown that despite the standardized and precise planning and fractioning for neoadjuvant chemoradiation
therapy for locally advanced rectal cancer, the biological effects of ionizing radiation on critical organs can be va-
ried both in time of occurrence and in structure. Evaluating the effect of neoadjuvant chemoradiation therapy, one
should take into account the possibility of the development of even very rare effects of ionizing radiation on criti-
cal organs and include their early detection in the diagnostic algorithm.
Key words: locally advanced rectal cancer, avascular necrosis of lateral sacral masses, neoadjuvant chemoradiation
therapy.
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BCTVYII
ITaTtonoriuHi 3MiHM 3 OOKY KiCTKOBOI CHCTEMM MiCJs
NpOMeEHeBOI Teparlil 3/105IKiCHUX HOBOYTBOpPEHb OpraHiB
MaJIoro Ta3a, Oyay4M IMi3HiMU MPOsSIBAMU MTOCTIIPOMEHE-
BUX peakliil, crocrepiraiotbes Oinbmr HixX y 30 %
nauieHTiB. Hailuacrilie BOHM Big3HA4YalOThCS B TUX BU-
najgkKax, KoJu ImpoMeHeBa ado XiMiollpoMeHeBa Tepartist
€ MPOBIIHUMU METOJAMHU B paguKallbHOMY JIiKyBaHHi:
65,6 % — nipu paky KUAKNA MaTKu, 18 % — mpsAMoT KU1 -
ku, 10,7 % — ceuoBoro mixypa, 5,7 % — engomerpiio [1].

ABackynsapanii Hekpo3 (ABH), Bimommit Takox sk
iH(apKT KiCTKOBOIO MO3KY, BUHMKAE B pe3yJIbTaTi KpU-
TUYHOI illleMil OCTaHHbOTO Ha TJIi HEAOCTATHbOI MiKpPO-
HUPKyIsATOpHOI nepdy3ii. Llei craH HailyacTillle BUHU-
Ka€ B KiCTKax, 1110 KPOBOIMOCTAYalThCs TEPMiHAJIbHUMU
riKaMy MaricTpaJlbHUX apTepiii i3 cI1ab0pO3BMHEHOIO
CiTKOIO KojaTepajeil, TakKux $SIK TojiBKa CTErHOBOi
KiCTKH, TPOKCHUMaJbHUI emniMeTadi3 BEIUKOTOMiIKO-
BOI, IIJIEYOBOI KiCTKM, TapaHHa, YOBHOIIOAIOHA,
niBmicsieBa Kictku. ABH crniocrepiraetbes y 1—-10 %
MalLi€eHTIB, SKUM TPOBOIMIACH XiMioTepamis JiMpoM 3
BUCOKMMMU JT103aMU TIIOKOKOPTUKOIAIB i OLIbII HiX Yy
10 % mnauieHTiB, SKi NpUAMaad iMyHOCYIIPECUBHY Te-
pamiro Tcas TpaHCIJIaHTalii KiCTKOBOTO MO3KY [2].
Hepinko BunukHeHHs1 ABH crioctepiraeTbes mipu aesi-
KMX DPEBMATOJIOTIYHMX 3aXBOPIOBAHHSX, HaIIPUKIIAIN,
pPEeBMAaTOITHOMY apTPUTI.

Cepe nali€HTiB, IKMM ITPOBOAMIIACH IPOMEHEBA Tepartist
3 IPUBOAY 3/I0SIKICHUX HOBOYTBOPEHb OPraHiB MaJloro Tasa,
ABH — BifHOCHO piaKiCHUMIA MPOSIB Mi3HIX MPOMEHEBUX pe-
akuiil. [TpryrHa iforo BAHMKHEHHSI — MPOrpecyroumii mpo-
MEHEBUI BaCKYIIIT 3 Mpostidhepalii€ro eHIO0TeiI0 MiKpOIp-
KYJISITOPHUX CYIMH, (hiOpo3oM, OJOKOM apTepiaabHOIO
MNPUIUIMBY i BEHO3HOTO BiITOKY Bill ypaske€HOI JUTTHKU KiCT-
KOBOI TKaHMHM, 1O CYIPOBOMXYETbCS ITiJABUILEHHSIM
iHTpaMeIyIIpHOTo TUCKY i MOopyIIeHHIM nepdy3ii, a Hagai
TPOSIBIISIETbCS  HEKPO30OM YPaXkKeHOI NUISTHKM KiCTKOBOTO
MO3KY. Y 11iif poOO0Ti MU TIPEICTABISIEMO KJTiIHIYHWIA BUMAIOK
aBaCKYyJISIPHOTO HEKPO3Y JIiBOI 1aTepaibHOI MAaCH KPVIKIB SIK
MPOSIB TTi3HLOI ITPOMEHEBOI peaKllii y MalieHTa, IKUi OTpU-
MaB Kypc XiMiOITpOMEHEBOI Teparlil 3 TPUBOIY MEPBUHHOTO
MICLIEBO MOILLUMPEHOrO paKy MpsIMOi KUILIKU i JOCST CTaHy
MOBHOTO KJIIHIKO-PaaioIOriYHOIO perpecy.

IPE3EHTALILA KIITHIYHOI'O BUITAJIKY

MMauient K., 75 pokis. Baxae cebe xBopuM 3 oceHi 2016
POKY, KOJIU BIIepllie MOMITUB BUAIJIEHHSI KPOBi 3 BUIIO-
poxHeHHsM. JlikyBaBcsl cumnToMaTndHo. Yepes MmosiBy
0ou110 mia yac aedexaliii 3BepHyBCS 32 MEIUYHOIO JOITO-
MOTOI0. 3a MiclleM IIPOXXUBAHHS BUSBJIEHO HOBOYTBO-
pEeHHS TIpsiMOi KUIUKM. 11 oOCTeXeHHSs 1 JiKyBaHHSI

INTRODUCTION

Bone complications after radiation therapy of
malignant tumors occur in almost 30 % of
patients, although they correspond to delayed
radiation effects. Most commonly bone com-
plications are developed among those who
underwent radiation therapy for pelvic malig-
nancies, such as cervical (65.6 %), rectal (18 %),
bladder (10.7 %) and endometrial (5.7 %) can-
cer [1].

Avascular necrosis, also known as bone marrow
infarction, develops due to a critical ischemia which
results in a lack of microcirculatory perfusion of the
former. Such condition is common for bones which
have a blood supply with terminal branches of con-
comitant major vessels and therefor have an under-
developed routes of collateral blood flow. Femoral
head, proximal epimetaphys of tibia and humerus,
talus, scaphoideal and semilunar bones are mostly
affected. Avascular necrosis occurs in 1-10 % of
lymphoma patients treated with chemotherapy and
high doses of glucocorticoids. It is also observed in
more then 10 % of patients receiving immunosup-
pressive therapy after bone marrow transplantation
[2]. A number of benign systemic diseases, such as
rheumatoid arthritis, often present with avascular
necrosis as well.

Nevertheless, for patients after pelvic radiation
therapy avascular necrosis is a remarkably rare
condition. For these patients the main reason for
development of avascular necrosis is a progressing
radiation vasculitis with concomitant fibrotic sub-
stitution of endothelial lining, blockade of inflow
and outflow at the site of bone tissue lesion, which
consequently causes bone marrow ischemia, intra-
medullary hypertension and necrosis of the
involved bone marrow region later on down the
line. We present a rare case report of a bilateral
avascular necrosis of lateral sacral masses as a late
radiation effect in a patient who developed a sus-
tainable complete clinical and radiological
response after chemoradiotherapy for locally
advanced rectal cancer.

CASE PRESENTATION

Patient K., 75 years old. Considers himself sick since
the fall of 2016, when he first noticed the discharge
of blood with a defecation. He was treated sympto-
matically. Because of pain during bowel movement,
he sought medical help. The neoplasm of rectum
was disgnosed at a local healthcare institution. For
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CIIpSIMOBAHUI y BiAAiJIEHHSI OHKOKOJOMPOKTOJIOT1
HauionanbHoro iHCTUTYTY paky. ITpu ToTanbHill KoJ0-
HOCKOTIii BU3HAYaI0Cs eK30(iTHE MyXJIMHHE YTBOPECHHS
M’SIKO@JIaCTUUHOI KOHCHUCTEHIIii, pUTigHEe B OCHOBI,
IMOMIpHO pyXoMme, po3TalioBaHe 3a 6—10 cM Bin aHab-
HOTO Kparo, 110 3aiiMaJio IIPaKTUYHO YBECh IIPOCBIT M-
MOI1 KUIIKH.

EnpockomniyHo iHIIMX HOBOYTBOPEHb HE OYJIO BUSIB-
JIeHO. 3aK/II0UeHHSs 1IuILeBoi Oioncii — eleMeHTU BU-
cokoauepeHLiiioBaHOI aJlcHOKAPLIMHOMMU.

3a JaHUMUM KOMIT I0TepHOI ToMorpadii opraHiB rpyIHOI,
YepeBHOI IMOPOXKHMH i MOPOXXHUHU MaJIOro Ta3a 3 BHYT-
PITHEOBEHHUM KOHTPACTHUM ITOCWJICHHSIM, METaCTaTH4-
HOTO YpaKeHHS alliKaJbHUX i MapaaopTaibHUX JiMdo-
BY3JliB, a TaKOX BilJaJleHUX MeETacTa3iB, He BUSIBJICHO.
CrangapTHi J1abopaTOpHi aHami3u (3arajJbHUII aHaji3
KpOBi, cedi, 6ioxiMiyHMI aHaJli3 KpoBi, Koaryjaorpama), a
TakoX mokasHuku oHkoMapkepiB CA 242 i PEA — 6e3
iICTOTHUX BigxuieHb. J1Jis TOKaJIbHOTO CTadil0OBaHHSI BUKO-
HaHO MarHiTHO-pe3oHaHCHY Tomorpadito (MPT) opranis
masioro Tasa. JlocimkeHHs rpoBeaeHe Ha araparti Philips
Intera 1,5 T BinnosigHo 10 npotokosry MERCURY.

Ha cepii caritanbHUX, aKCiaAbHUX 1 HAITIBKOPOHAPHUX
(mapanenbHO MO3MOBXKHi oci me3opektyma) MPT-
CKaHiB BU3HaYajlach eK30(iTHA MyXJIMHA CepeaHbOMITY-
JISPHOTO BifIily MPpsIMOI KUILIKHU A0 68 MM B HalO1IbIIO-
My BuMipi (puc. 1A, dioneroBnii mynkrup). Ha mepenniit
MOBEpPXHi BU3HAUYAaCh iHBa3isl Me30PEKTATbHOI KIIITKO-
BUHM 3 iHiasTpalieo dacuii JJeHOHBIbE 3 MTO3UTUB-
HUM PamioJoTiYHUM HUPKYISIPHUM KPaeEM, pO3Mip SIKOTO
ckiaB 1,77 mm (puc. 1A, 3eneHi CTpiaKku, YepBOHI Xpec-
™™; puc. 1B, XoBTi cTpinku). MakcumanbHa INIMOMHA
ME30peKTaIbHOI iHBa3il 3a JaHMMHU aKCiaJbHUX CKaHiB
ckiajga 16 MM, 110 BiAIIOBiZaao CTYMEHIO MOLIMPEHOCTI
mrT3c (puc. 1B). Janux mpo ypaxkeHHSI peTioHapHUX
JiM(paTUUYHUX BY3JIiB, a TAKOX TPO €KCTpaMypaibHYy Cy-
nuHHy iHBazito (EMVI) He otpumano. Ha cepii audgy3Ho
3BaxkeHUX MPT-300paxeHb ynpoekiii MyXJauHM, 110
Bi3yasli3yeTbCsl, BM3HAYaAJI0OCs BUPaAKEHE ITiJIBUILIEHHS
CHUTHAJTy TIPY BUCOKUX b-UMHHUKAX, a TAKOXK OOMEKEHHS
nudysii Ha [KJI-kapTi (puc. 1C, 4epBOHUI ITyHKTHUD).

Ha niacraBi oTpuMaHuX KJIiHIYHUX, PaaioJIOriYHMX i Ma-
TOTICTOJIOTIYHUX JAHMX, IIALlIEHTOBI BCTAHOBJIEHO
KJTIHIYHWI [iarHO3: «MiCLIeBO MOIIMPEHUI paK cepeIHbO-
aMITyJISIpHOTO Bimaity mipsiMoi kuiku mrT3c mrNO cM0
mrEMVI-, mrCRM+». MyasTMIUCUUTLTIHAPHOK KOMi-
Ci€I0 MIPUIHSITO PIlIEHHSI MPO MPOBEAEHHS KypCy HEOo-
al’I0BaHTHOI XiMiOITpOMEHEeBOiI Tepallii B cyMapHiii m03i
50,4 Ip, paszona go3a — 1,8 Ip ynmpomoBxK 5 THXKHIB Tapa-
JIeIbHO 3 JIBOMA KypcaMmM ToJjixXimioTeparii 3a CXeMOO
XELOX: okcamumiatux 130 Mr/m? B mepiiumii IeHb, Karie-

examination and treatment, he was referred to the
Department of Oncology and Cancer of the
National Cancer Institute. In total colonoscopy,
exophytic tumor formation of a softly elastic consis-
tency, rigid at the base, moderately motile, located
6—10 cm from the anal edge, which occupied almost
the entire lumen of the rectum, was determined.

Snare biopsy was taken from a rectal lesion,
showing signs of highly differentiated adenocar-
cinoma.

A CT scan with intravenous enhancement of
the chest, abdomen and cavity of the lesser pelvis
showed no signs of neither distant metastases
neither thoracic or intraabdominal Ilym-
phadenopathy. Laboratory data of standard
blood, serum and urine counts, coagulation pro-
file assay («coagulogram»), CA 242 and CEA
revealed no signs of pathology. Consecutively a
pelvic MRI with 1.5 TI Philips Intera machine
had been performed for local staging. MER-
CURY protocol for high resolution imaging was
applied.

On a series of sagittal, axial and semi-coronal
scans (along the mesorectum long axis) a mid rec-
tum exophytic tumor with maximum dimension of
68 mm had been observed (see fig. 1A, purple dot-
ted line). Anteriorly a mesorectal invasion with
Denonvillier’s fascia infiltration together with a
threatened circumferential margin of 1.77 mm was
detected (see figure 1A, green arrows, red crosses
and figure 1B, yellow arrows). Maximal depth of
mesorectal invasion ranged up to 16 mm, corre-
sponding to mrT3c level of spread (figure 1B). No
radiological signs of extramural vascular invasion
(mrEMVI-) were observed. Visible mesorectal
lymph nodes had homogenous MR signal, smooth
external margins and regular size, thus showing no
radiologic signs of lymph node involvement
(mrNO). Malignant tumor features were also
observed on a series of diffusion weighted images
(Fig. 1 C, red dotted line).

Regarding clinical findings, radiologic, endo-
scopic and pathologic data, the patient was ini-
tially diagnosed with a locally advanced cancer
of the mid rectum and staged as mrT3¢c mrNO
cM0 mrEMVI-, mrCRM+. An institutional
multidisciplinary board suggested to provide a
neoadjuvant course of chemoradiation therapy
with overall dosage of 50.4 Gy and a fraction
dosage of 1.8 Gy during 5 weeks together with
two concomitant courses of neoadjuvant
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PucyHOK 1. MPT cTapiloBaHHA 10 NoYaTKy Heoad loBaHTHOT xiMionpoMeHeBoi Tepanii

Ha cepii caritanbHmnx ckaHiB (puc. 1A) BidyanidyeTbcs nyxanHa cepeaHb0amnyasgpHOro Bigainy npsmoi Kuwkm (pionetosmi
MYHKTUP) 3paSioNoriYHNMN 03HaKaMu Me30opekTabHOI iHBagil, iHdinbTpauii dacuii leHOHBINbE (3eneHi CTpinkn), Wwo Bigno-
BiZla€ NO3UTMBHOMY PaZioNorivHOMY LMPKYNSPHOMY Kpato (4epBOHi xpecTn). MnbrHa Me3opeKkTanbHOi iHBagdii BnpoekLji oc-
HOBW MYXJIMHM Ha cepii akcianbHUX ckaHiB (puc. 1B, xoBTi cTpinkn) cknana 16 mm. Ha cepii ondy3Ho 3BaxeHnx 306paxeHb
(puc. 1C) BigMiYeHO 3Ha4YHe ynoBinbHEHHS ANdY3ii B MPOeKLii OCHOBU NYXJIMHWN (YHEPBOHWUI NMYHKTUP).

Figure 1. Radiologic data from a high-resolution pelvic MRI prior to neoadjuvant chemoradiation therapy

On a series of sagittal scans (1A) a mid rectal tumor (violet dashed line) with radiological signs of both mesorectal invasion
and Denonvillier’s fascia infiltration (green arrowheads) with a threatened radiologic circumferential margin (red crosses). On
a series of axial scans the depth of mesorectal invasion ranged up to 16 mm (1B, yellow arrowheads). On a series of diffusion
weighted images (1C) a significant delay of diffusion together with intense signaling on high b-factors was observed at the

level of a tumor basis (red dashed line).

unTabin 2500 mr/m? 3 1-ro 1o 14-it neHb, 3 15-ro mo 21-ii
JIeHb — repepna. Kypc nmpoMeHeBoi Tepartii mpoBoAMIN Ha
JliHiliHOMY TipucKopioBadi ejiekTpoHiB VARIAN Clinac
2100 C\D eneprieto ¢doTtoHiB 6 MV. Y TOIOMETpUYHIii
IMiATOTOBLII BUKOPUCTOBYBAJIH CITipaJIbHII KOMIT IOTEPHUIA
tomorpad PHILIPS Brilliance CT Big Bore 3 cuctemoro
JJa3epHOTO BM3HAYEHHS i30LIEHTPY TUIAHOBAHOTO 00 €My
LAP Laser. {151 MaKCMMabHOTO MiABUILIEHHSI TOYHOCTI
TTOJIOXKEeHHS TTaIlieHTa Oy BUKOPUCTaHi (DiKcyBaIbHi TEp-
MorutactuuHi Macku Orfit. TlmaHyBaHHST ONMpOMiHEHHS
nposoawiu Ha cucteMi VARIAN Eclipse o 3d Metonuiii.
Y 30HY ompoMiHeHHsI Bxoawia Oe3locepeaHbO IpsMa
kumka (GTV) i3 3axorieHHSIM Me30peKTaTbHOI KITITKOBHU-
HU (CTV 1 cm Ing 2 cMm) i nuIsIXiB perioHapHOTro JiMQoBi-
TOKY. /151 TOUHOTrO BM3HAYEHHSI OMPOMiHIOBAHOTO O0CSTY
Oyno BukopuctaHo MPT pocriimkeHHsI 3 KOHTPaCTHUM
MiICWIEHHSIM 1 TTOAANbIINUM 3iCTaBJIEHHSIM 3 OTPMMaHUM
paHilie TIpU TOMOMETPUYHI MiArOTOBLI 300paskeHHSIM
CITipaJIbHOI KOMIT I0TepHOI ToMorpadii.

ITpu mnaHyBaHHI Kypcy AMCTaHLIITHOT IPOMEHEBOI Te-
pariii 6pajiu 10 yBaru iBa OCHOBHUX MPUHIMIIN, a CaMe:
MaKCUMaJIbHE MOKPUTTSI M03010 ILIAHOBAHOIO OOCSTY
OINMPOMiHEHHSI i MAKCUMaJbHE 3MEHIIEHHS 103U Ha KPU-
TUYHi opraHu. 1o KpUTUYHUX OPraHiB BiTHOCUJIU: CEY0-
BUI MiXyp, JAiBUii i IpaBUii Ta30CTETHOBUIA CYTI/100U, T1€-
peaMixypoBy 3a103y i cnuHHU M0o30K. KoHTpob po3-
MOATYy J03M MPOBOAMBCS 3a KputepiemM 90 % mos3u B
IUIAHOBAHOMY 00CsI3i ONpOMiHEHHS. Y Mpoleci ceaHcy
JUCTaHLIAHO-IPOMEHEeBOI Teparllil 31iliCHIOBaJIM KOHT-

chemotherapy using a CapOX regimen.
Radiation therapy had been carried out with a
VARIAN «Clinac 2100 C\D» eclectron linear
accelerator with photon energy of 6 Mv. For
topometric preparation a spiral computed tomo-
graph PHILIPS «Brilliance CT Big Bore» with a
«LAP Laser» system for definition of a target
volume isocenter was used. To achieve maximal
precision of patient’s positioning an «Orfit»
thermoplastic masks were applied. A 3D confor-
mal radiation therapy was performed with the
use of VARIAN «Eclipse» hardware. The radia-
tion field included the rectum itself (GTV) cov-
ering also mesorectum (CTV +1 cm. Ing +2 cm)
and possible routes of lymphatic spread. To
achieve a more precise target volume distribu-
tion a comparison of contrasted pelvic MRI
with previously obtained topometric CT scans
was used.

Two basic principles have been taken into
account when planning the course of distance
radiation therapy, namely the maximal coverage
of a planned radiation field with minimal irradi-
ation of adjacent critical organs was carried out
as well. As critical organs the urinary bladder,
right and left coxofemoral joint, prostate and
spinal cord were identified. Dose distribution
control was achieved by a criteria of 90 % isodose
in a target volume. During radiation therapy the
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poJsib (paKTUYHOTO TOJIOKEHHS TTallieHTa 3a JOTTOMOIOI0
cMCTeMHU MOPTalbHOI Bidyasizauii Varian Portal Vision.
Kypc ximionpomeHeBoi Tepallii OyB IepeHeceHUll 3a-
JOBiIbHO, 0€3 ICTOTHMX KIiHIYHMX TIPOSIBIB TOKCHY-
HOCTi. 3 MeTOl0 MaKCMMaJbHOI peasi3allii edekTy
XiMiompoOMeHeBOi Teparlil iHTepBaJ Bif 3aBepIICHHS 10
IMTOBTOPHOTO CTamilOBaHHS CKJIaB 12 TIKHIB.

ITin yac xontponsHoro MPT pocnimkeHHs uyepe3 12
TVKHIB MiCTISI 3aBEPIIIEHHS KypCY XiMiOIpOMEHEBOI Tepartii
Ha cepil cariTaIbHUX CKaHiB BUSIBJIEHA HOpMaJIbHa CTPYK-
Typa CTIHKM OPsIMO1 KMILIKU, 0€3 Bi3yaIbHUX O3HAK ITyXJI1-
Hu. Panilre BizyasnizoBaHa 30Ha iH@iabTpalii daciii [e-
HOHBIJTbE 3ME30PEKTATBHOIO IHBA3IEIO i TO3UTUBHUM LIUP-
KYJISIDHUM PamioJOTiYHUM KpaeM IIpeicTaBieHa TKaHU-
HOIO 3 Aelo nocujieHuM MP-curHaiom 3a paxyHOK iH-
TEPCTULIIATLHOTO MOCTIIPOMEHEBOIO HaOpsKy (puc. 2A).
IlepexinHa ckiagka oyepeBUHMU, (aciiist JeHOHBLIbE MaIu
TUMOBY PamioJOTiyHy CTPYKTYpY. 30HAa ME30pPeKTaJbHOL
1HBAa3i1, Bidyajli30BaHa paHillle Ha cepil aKCialbHUX CKaHiB,
3aMilieHa (iOpo3HOI0 TKAHWMHOIO 3 O3HAaKaMM iHTepcC-
TULIiaTbHOTO HAOPsIKY (puc. 2B). Ha nndy3Ho 3BaxkeHOMY
300pakeHHi AUISTHKM 3HMXKEeHO1 Audy3il BiA3HAYATUCS JIU-
11I€ B 30Hi CJIM30BO1 00OJIOHKH i MiICIM30BOTO L1aPY, 1110 3a
pe3yJbTaTaMu 3iCTaBJIeHHS 3 KITIHIYHUMU i eHIOCKOITIYHU -
MM JaHMMH, BiIMOBigaao pamioNoTiYyHUM CHUMITOMAaM
Mi3HBOTO MPOMEHEBOro PEeKTUTY y (pasi pemicii. Pamio-

continuous control of patient’s positioning was
achieved by applying Varian Portal Vision sys-
tem. Both courses of chemotherapy were
uneventful, without clinically significant signs of
toxicity. In an attempt to achieve maximum
response rate, a 12 week observation period was
selected.

In 12 weeks after chemoradiotherapy a com-
plete clinical and radiological response was
observed at the schedulled MRI session. High
definition pelvic MRI revealed a normal struc-
ture of the rectal wall without visible tumor sites
mentioned previously. Regions of mesorectal
invasion and Denonvillier’s fascia infiltration
with a positive circumferential margin were rep-
resented by a slightly enhanced signal due to an
interstitial edema (Fig. 2). Peritoneal reflection
and mesorectal fascia had regular radiological
structure. On a series of axial scans tumor infil-
tration of the mesorectum was substituted with
swollen fibrotic tissue. A series of diffusion
weighted images revealed a delay of diffusion
limited by mucosa and submucosa, which corre-
sponded with clinical and endoscopic data sug-
gesting for a complete tumor response accompa-
nied by mild radiation proctitis. No radiologic

_LrTiiaas 2A

PucyHoK 2. MPT pecrtapiloBaHHA Yepe3 12 TMXKHIB nicns 3aBepweHHA ximionpomeHeBoi Tepanii

BinsHavaeTbCs HOpMasibHa CTPYKTypa LWapiB NPsSMOi KMLWKKW, a NyxJMHa, WO paHile BidyasnidyBasnacb, He BM3HAYaETbCA.
®dacuis JeHoHBinbe (puc. 2A, 3eneHi CTpifkK) He 3MiHeHa. 30Ha Me30peKTaslbHOI iHBagii, LLLO paHille Bidyanidyeanach, 3 pop-
MYBaHHSIM NMO3UTUMBHOIO LMPKYISPHOro pazioniorivHoro kpato (puc. 2A, 4yepBoHa cTpinka) npeacrtasneHa Gibpo3HO0 TKaHW-
HOI0 3 AleLo nocuneHm MP-curHanom 3a paxyHok iHTepcTuuianbHoro Habpsiky. Ha cepii akcianbHux ckaHiB Me3opekTasnbHa
dacuig uinicHa Ha ycboMy NpoTA3i, 30Ha iHINLTPaLii Me30opekTanbHOI KITITKOBUHN, WO paHille BidyasidyBasacb, 3amilleHa
Gi6p0O3HOI0 TKAHWHOIO 3 AingHKaMu rinepiHTeHCUBHOro MP-curHany 3a paxyHok iHTepCTULiaNbHOro NOCTNPOMEHEBOIO HAb-
psiky (puc. 2B, cuHi cTpinkn). Ha cepii andysHo 3BaxkeHnx 306paxeHb 36epiraloTbCs AiNSHKN 3HUXEHOT andyaii B 30Hi cnu-
30B0i 060M0HKM iNiacnM3oBoro wapy (puc. 2C, NoABIiHMIA YHePBOHWI MYHKTUP), PO3LLHEHI NPY 3iCTaBNEHHI 3 KNiHIYHUMW | eH-
LOCKOMIYHMMMW JAaHUMU 9K PaaioNoriYyHnim CUMMTOM Mi3HbOro NPOMEHEBOI0 PEKTUTY Y dasi peMicil.

Figure 2. MRI restaging in 12 weeks after completion of chemoradiation therapy

Normal structure of the rectal wall without any signs of tumor deposits was observed. Denonvillier’s fascia (2A, green arrow-
heads) has its regular structure. Previously identified mesorectal invasion with a threatened circumferential margin (2A, red
arrowhead) is represented by fibrotic tissue with slightly enhanced MR signal due to an interstitial edema. Axial scans demon-
strate the integrity of an entire circumference of mesorectal fascia. Previously visualized region of mesorectal infiltration is
substituted by swollen fibrotic tissue also carrying signs of postradiation edema (2B, blue arrowheads). Diffusion weighted
images reveal a slight delay of diffusion at the level of rectal mucosa and submucosa (2C, red dashed line), which correspond-
ed with clinical and endoscopical findings suggesting for a complete tumor response accompanied by mild radiation proctitis.

541 ‘&



K/TIHIYHA

MPAKTUKA

ISSN 2304-8336. [Npobnemu pagiaviiiHol meauunHn Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

JIOTIYHMX O3HAK METACTATUYHOIO YpaKeHHS perioHapHUX
JliMaTUuHUX By3J1iB 3a faHumMu MPT He BusiBieHo.

Pesynsrati moBTOpHOI CHipaJibHOI KOMIT IOTEpPHOI TO-
Morpadii opraHiB rpyaHoOi, YepeBHOI MOPOXKHUH i MaJIOTO
Ta3a 3 BHYTPIIIHOBEHHUM KOHTPACTHUM ITiICUJICHHSIM
MiATBEpPIWIM BiACYTHICTb BiggajieHux MeTacTasiB. [Tpu
KOHTPOJIBHOMY €HIOCKOTIIYHOMY HOCIimkeHHi (pidpo-
KOJIOHOCKOIIisI) MyxJIMHA, IO paHillle Bi3yalli3yBajiach,
3aMillleHa pyOIlIeBOI0 TKAHWHOIO, HABKOJIMIITHS CIM30Ba
000JIOHKa — 3 O3HAaKaMHU Mi3HbOTO TOCTIPOMEHEBOTO
pextuTy y ¢asi pemicii (puc. 3). Ha mincrasi KIIiHIYHNIX,
E€HIOCKOIIIYHUX i palioJIOriYyHMX JaHUX CTYIiHb BiIMOBIiIi
Ha XiMiOomIpOMEHEeBY Tepallilo po3lliHeHa $K IMOBHUMA
KJTiHiKO-padioJIoriyHUi perpec MepBUHHOL MyXJIMHU.

B gKocTi noganpliiioi OHKOJAOTYHOI TAKTUKU, BPaXOBY-
J0YM CTYITiHb Bi[IOBiJAi Ha XiMiOIIpOMEHEBYy Teparliio i
nobaxxaHHs nalieHTa, Oyja oOpaHa cTpaTeTiss aKTUBHO-
ro crioctepexkeHHs (Watch & Wait), mo mependadae
pamioJIOTiYHMI ieHTOCKOMiYHMI KOHTpoJib (MPT Mmano-
ro Taza i peKTOpPOMAaHOCKOIIisI) 10 3 Micslli 3 MeToo
CBOEYACHOTO BUSIBJICHHSI IIPOJOBXEHHS POCTY IIEPBUH-
HOI MyXJIMHMU.

Ha MomeHT nepiioro KOHTPOJILHOIO IOCTiIXKEHHS
(yepe3 24 TUKHI TIiCasl 3aBeplIEHHST Heoal I0BaHTHOI
XiMiOITIpOMEHEBOI Tepallii) y nali€eHTa BUHUKJIN CKapru
Ha OiJb B OUISIHLI JIiBOTO Ta30CTETHOBOIO Cyrjo0a ITif
yac XonpOu idi3nuHMX HaBaHTaxXeHb. Ilim yac KOHT-
ponbHOoro MPT BusiBieHi 03HaKM aBacKy/IsSIPHOTO HEK-
po3y JiBOi JaTepaibHOI Macu KpMXKiB, JiBOOIUHOIO Cak-
poineiTy, SKUX He Bil3HAyaJlocsl MpU IMEPBUHHOMY
cTamiroBaHHi (puc. 4).

signs of lymph node involvement haven’t been
observed as well.

Repeated session of the computed tomography
of chest, abdomen and cavity of the lesser pelvis
with  intravenously administered contrast
enhancement confirmed no signs of distant metas-
tases. Lower GI endoscopy (fibrocolonoscopy )
revealed a flat white scar at the previous tumor site
together with signs of mild radiation proctitis of
the surrounding mucosa (Fig. 3). By taking in
regard both clinical and radiologic data together
with additional endoscopic findings as well, a diag-
nosis of a complete tumor response had been car-
ried out.

As a further oncology tactic, considering the
degree of response to chemotherapy and patient’s
wishes, a strategy of active observation (Watch &
Wait) was chosen, providing for radiological and
endoscopic control (MRI of the pelvis and recto-
methanoscopy) every 3 months with a view to
timely detection of continuation of growth of pri-
mary tumor.

At the time of the first follow-up examination
(24 weeks after the completion of neoadjuvant
chemotherapy), the patient had emerged com-
plaints of pain in the left hip while walking and
physical exertion. During the control MRI, signs
of avascular necrosis of the left lateral mass of
sacrum, left-sided sacroiliitis, which were not
noted during the initial stage (Fig. 4), were
revealed.

PucyHoK 3. EHpocKoniyHa KapTuHa yepes
12 TuKHiB NicnA 3aBepLIeHHA XiMionpomeHe-
BOi Tepanii

30Ha ek30dITHOI NyxIvHWM, WO BidyanidyBanacb
paHille, npeacTasneHa 6insgcTum pyouem (YHopHuin
MYHKTUP) B OTOYEHHI TeneaHrioekrasin i rinepn-
NlaCTMYHOro nonina, 9kui, 3a JaHUMU LWUNLEBOI
Gioncii, 6yB npeacTaBneHnii rpaHynauiiHo Tka-
HuHOot. Cnn3oBa 000JI0HKA, WO OTOoYye pybdeLp,
MOMIPHO rinepemMoBaHa, 3rnamXeHa, 3 BUPaXeHUM
CYOMHHUM MastoHKOM, 6e3 KOHBepreHLii Ckiaaok.

Figure 3. Endoscopic reassessment in 12

weeks after chemoradiotherapy completion
Previously observed exophytic tumor mass is
replaced by a flat white scar (black dashed line)
with a number of surrounding teleangiectases
and a hyperplastic polyp, which consisted of
granulation tissue according to snare biopsy data.
The surrounding mucosa has signs of mild hyper-
emia, swelling and a visible vasculature picture,
but without of convergence.




CASE RECORDS

ISSN 2304-8336. pobnemu paniauiiinoi Meouunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2019. Bun. 24.

PUCYHOK 4. luHamika NI0KaJIbHOro KOHTPOIO NePBUHHOT NYXJIMHU NiCNA 3aBeplIeHHA XimionpomeHeBoi Tepanii
MicueBo nowwvpeHa nyxamHa npsMoi KULWKK (puc. 4A, XOBTUIA NYHKTUP) Yepe3 12 TUXHIB Nicns 3aBepLUEHHS XiMioNpoMeHe-
BOI Tepanii He BM3Ha4yaeTbCH. Bia3Ha4yaeTbCsa HEPIBHOMIPHE NOTOBLLEHHSA CTIHOK NPAMOI K1k (puc. 4B-D) 3a paxyHoOK Bu-
paxeHoro noctnpomeHeBoro ¢idpoay (puc. 4B, dioneTosi cTpinku). Hepes 24 TUXHI Nicna 3aBepLUEHHsT He0a IOBAHTHOIO
NiKyBaHHS CTPYKTypa CTIHOK MPSIMOi KMLLKK Habyna BENWKOT BUPA3HOCTI 3i 30epeXEHHSAM MOTOBLUEHHS TiNlbk1 MO 3a[Hil
HaniBOKPYXHOCTI (puc. 4C, 3eneHi cTpinkn). Yepes 2 poku nicnsa 3aBepLUeHHs NikyBaHHSA eanHa MP-o3Haka nonepenHboi
XiMiONPOMEHEBOI Tepanii — AeKinbka AINSHOK 3 FiNePiIHTEHCUBHUM CUTHAIOM Bif, BOTHULL, ME30PEKTaIbHOrO CKNeposy (puc.
4D, 4epBOHiI CTPINKK).

Figure 4. A 2-year radiologic surveillance data after completion of chemoradiation therapy

Primary locally advanced mid rectal tumor (4A, yellow dashed line) was unidentified in 12 weeks after chemoradiotherapy.
Previous tumor site is represented as irregular thickening of a rectal wall (4B-D) due to development of postradiation fibrosis
(4B, violet arrowheads). In 24 weeks after chemoradiotherapy completion the structure of rectal walls became more regular
with local thickening only at the posterior wall (4C, green arrowheads). In 2 years after treatment the only noticeable radiolog-
ic feature of postradiation fibrosis was represented by a couple of sites of mesorectal sclerosis (4D, red arrowheads).

PucyHoK 5. PapionoriuHa AuHamiKa KiCTKOBO-AeCTPYKTUBHUX 3MiHY TOr0 CamMoro nauieHTa

Ha MOMEHT BCTaHOB/EHHS AiarHOo3y nartosorii 3 60Ky KiCTOK OCbOBOr0O CkeNieTa He Bia3Havanocs (puc. 5A). Yepes 24 TuxHi
nicnsi 3aBepLUeHHs NpoMeHeBoi Tepanii Ha T1 3BakeHOMy 306paxeHHi BiAMiYEHO BOrHMLLLE aBaCKYJISPHOro HEKPO3Y NiBoi na-
TepasibHOI Macu KpuxiB (puc. 5B, 4epBOHMIN NYHKTUP) 3 03HaKkamMu NiBOGIYHOIO CakpoiNeiTy — Po3LWMPEHHS CyrI060BOI LWinn-
HW, NnepiocTanbHNIA HAbPSK (puc. 5B). Yepes 36 TMXHIB Nicnsa 3aBepLUEHHS XiMiONPOMEHEBOI Tepanii — aHanoriyHe BOrHuLLe
aBaCKyJIIpPHOro HEKPO3Yy, BidyanizoBaHe B 060x natepasibHUX Macax kpuxis (puc. 5C, 4epBOHWIA NYHKTUP), 3 03HAKaMun OBO-
CTOPOHHBLOIO CakpoineiTy (puc. 5C, 4epBOHI CTPINKK). Hepes 2pokun Nicns 3aBepLUEHHs XiMiONMPOMEHEBOI Teparnii nioLa ypa-
KEHMX naTepasibHUX Mac KpUXIiB 3MeHLwwmnacs (puc. 5D, gpioneTtoBuin NyHKTUP), BiA3HAYAIOTLCA AINAHKU peopraHidaLii KicTKo-
BOI TKAHVHWN.

Figure 5. Radiologic signs of sacral lesions at the same patient

At the moment of initial diagnosis no signs of pelvic bone pathology were observed (5A). In 24 weeks after completion of
chemoradiation therapy a focus of left lateral sacral mass avascular necrosis was identified on a series T1-weighted images
(5B, red arrowheads). Additional signs of sacroilitis, such as periosteal edema and distensibility of the articulary cavity, were
also detected. In 36 weeks after completion of chemoradiation therapy a similar lesion was observed in both lateral sacral
masses (5C, red dashed line) with signs of concomitant bilateral sacroilitis (5C, red arrowheads). In 2 years after treatment
completion the area of previously described sacral lesions had diminished (5D, violet dashed line) with fibrotic substitution and
sites of bony tissue reorganization.

BonpHouac pagionoriyuHa KapTHHa BifIoBigaaa MOBHO- At the same time, the radiological pattern corre-
MYy KIIIHiKO-paJioJIoTiTHOMY perpecy mepBuUHHOTO Mic-  sponded to the complete clinical and radiological
1IeBO IOLIMPEHOI0 paKky IpsMOI KUILIKM, 110 HiaTBepa-  regression of primary locally advanced rectal cancer,
JKyBaJIOCSI TAKOX TaHUMU CITipaJIbHOI KOMIT I0TepHOi To-  which was also confirmed by the data of spiral com-
Morpadii BimTHOCHO BigagajieHux MeTacTasiB (puc. 5). st puted tomography with respect to distant metastases
mndepeHIiitHoil JiarHocTnky MetactatnaHoro ypaxeH-  (Fig. 5). For differential diagnosis of metastatic bone
H$I KiCTOK OChOBOTO CKeJieTa IalliEHTOBi Oy/1a BuKoHaHa  lesions of the axial skeleton, the patient underwent
octeocHuHTUIrpadis i3 3acrocyBanHaMm PTc. 3HmxKeHuit  osteoscintigraphy using *Ts. The reduced level of
BiIHOCHO HOpMM piBeHb HAaKOIMYECHHS pamiodapmiipe-  accumulation of the radiopharmaceutical relative to
napary y BKa3aHiil JinsHII KpVXKiB cBimumB Ha KOpUCcTh  the norm in the specified area of the sacrum testified
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loro HecrerudiuyHoro ypaxeHHs. Ilicias mpoBeaeHOro
JIIKyBaHHSI CTaH MallieHTa MoKpaliaB, 00JbOBUIA CUH]I-
poM T yac Xoabpdu i (pi3MUHMX HaBaHTaXXEHb 3MEH-
IIMBCS, TAIliEHTOBI MPOJOBXEHA TaKTHMKa aKTUBHOTO
criocTepexXeHHs 3a nmporpamoro Watch & Wait. Yepes 6
Mic. Micjisg 3aBepleHHST XiMiOMPOMEHEeBOI Teparii, ITif
4yac NIPYyroro KOHTPOJIBHOTO MOCJIIKEHHS, BUSBJIEHA
JiJITHKA aBacKyJISIPHOTO HEKpO3y IpaBoi JaTepabHOL
MacHu KpUXiB, 3 paJioJIOriYHOI0 KapTUHOIO aHAJIOTIYHOIO
nonepenHiii. Ha BinMiHy Bi paHillle criocTepexXyBaHO-
ro, 1ie ypa>KeHHSs KpUxXKiB Majlo 0€3CUMIITOMHUIA epeoir.

Ha moMmeHT omucy HaBeAeHOro KJIiHiYHOTO BUMAAKY
Mepiol aKTUBHOTO CITOCTEPEKEHHS CKJIaB 2 POKU 3 MO-
MEHTY 3aBepllieHHs XiMiompoMeHeBoi Tepamii. CrtaH
naiji€eHTa 3a10BUIbHUM, IPU KOHTPOJIBLHOMY OOCTEXXEHHI
JNaHUX 3a IyXJIMHHY IPOrpecito He OTPUMaHO.

JUCKYCIA
ITpomeHeBa Teparrist — HeBim eéMHa CKJIagoBa KOMOiHO-
BaHOTO JIIKyBaHHSI He JIMIIIEe paKky MpsMOl KUIIKU, ajie i
IHIIMX OHKOJIOTIYHMX HO30JIOTili Majoro Taza. YBUIIA-
Kax He JIMIIIe MiCIIeBO ITOIIMPEHOTO, ajie TAKOX i «paH-
HBOT'O» paKy IPsIMOi KUIIIKK, HE0a I0BaHTHA IIPOMEHe-
Ba Teparllis MOXe iHAYKYBaTHU SIK 3HAaYHY YaCTKOBY, TaK i
MOBHY perpecilo MepBMHHOI IMyXJIWHM, 3ab0e3Medyroun
npy LIbOMY NPUAHATHUI Oe3peluaAnBHUM riepion [3—3].
3a HamMMH 3-piyHUMU 00’ € THAHUMU TaHWUMU, cepe/l
57 malieHTiB 3 MiCLIEeBO TOLIMPEHUM pPaKOM TIpSIMOi1
KMILIKM, SIKi OTpUMYBaJIM HE0aa I0OBAaHTHY XiMioIpoMe-
HEBY Tepallilo 3a HaBEICHOIO CXEMOIO, TiJIbKM B OJHOTO
PO3BUHYBCS TaKWil PiIKiCHUI e(EKT, IK TBOCTOPOHHIM
aBaCKYJISIPHUI HEKPO3 JlaTepaibHUX Mac KpuxiB. Cepen
nauieHTiB 6yi0 22 (38,6 %) xinku i 35 (61,4 %) 4o0Bi-
KiB BiKoM Bia 23 10 77 pokiB, B cepeaHboMy (59,3 £ 1,5)
poky. Inmexc macu Ttima (IMT) B cepemHbOMY CKIIaB
(25,5 £ 0,5) kr/m? (3 19,4 xr/m? 1o 34,3 kr/m?). IHgekc
cynmytHboi matojiorii Yapiabcona 0 mamm 13 (22,8%)
mawienTis, 1 6ax — 15 (26,3 %), 2 6am — 19 (33,3 %), 3
6am — 9 (15,8 %), 4 6amu — 1 (1,8 %). Po3noxnin xBo-
puX BigTnoBigHO 10 Kputepito inaekcy cTNM yzaraibHe-
HuUt B Tabaui 1.

PazoM 3 TMM BigOMO, 11O y 3HAYHOI YaCTUHM LIMX
nalieHTiB OyayTh YCKJIAAHEHHS abo MoOiyHi edeKTH
MPOMEHEBOI Tepaltii, 110 Ay»Xe YacTO BaxkKKO IMiIIaroThCs
JiKyBaHHIO [6]. 3a maHuMM OinbIIOCTi aBTOpIiB, ¥ 90 %
MaLi€HTIB MiC/s1 TPUBAJIMX KypCiB XiMiOIPOMEHEBOI Te-
parii 30epiraeTbcsl nepcucTyBajibHa aucrienciss, 50 %
BiIMIYalOTh CTiliKe TOTIPIIEHHS SKOCTi XUTTS, 3 SIKUX
20—30 % o1iHIOI0Th Oro piBeHb HMKYMM 3a CepemHiit
noka3HuK [7, 8]. ¥ OiNbLIOCTI MaLi€EHTIB JOMiHYIOUUMU
CUMIITOMaMM, SIKi MOXYTb BUHUKATH YITPOJOBXK Bill 2 Mic.
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in favor of a nonspecific nature of the lesion. After
the treatment, the patient’s condition improved, the
pain during walking and exercise decreased, the
patient continued tactics of active observation
according to the Watch & Wait approach. During the
second control study 6 months upon completion of
chemoradiation therapy a site of avascular necrosis
of the right lateral mass of the sacrum was revealed
with a radiological picture similar to the previous
one. Unlike previously observed, this lesion of the
sacrum had an asymptomatic course.

At the time of presentation of this clinical case,
the period of active observation was 2 years from
the end of chemotherapy. The patient’s condition
is satisfactory, no control data were obtained for
tumor progression.

DISCUSSION

Radiation therapy is an integral part of the com-
bined treatment of not only rectal cancer, but also
other malignancies of a cavity of the lesser pelvis.
In cases of both locally advanced and «early» rec-
tal cancer, neoadjuvant radiation therapy can
provide major and complete tumor response,
while ensuring an acceptable recurrence-free
period [3-5].

According to our 3-year pooled data, among 57
patients with locally advanced rectal cancer treat-
ed by neoadjuvant chemoradiation therapy of the
same regimen, only one developed such a rare
effect as bilateral avascular necrosis of sacral lateral
masses. Among the patients, there were 22 (38.6 %)
women and 35 (61.4 %) men aged 23 to 77 years,
with an average of 59.3 £ 1.5 years. The body
mass index (BMI) averaged 25.5 + 0.5 kg/m?
(from 19.4 kg/m?* to 34.3 kg/m?). The Charlson
Comorbidity Index 0 had 13 (22.8 %) patients, 1
point 15 (26.3 %), 2 points 19 (33.3 %), 3 points 9
(15.8 %), 4 points — 1 (1.8 %). The distribution of
patients in accordance with the criterion of the
¢TNM index is given in Table 1.

However, it is known that a significant propor-
tion of patients exposed to pelvic irradiation will
have complications or side effects of radiation
therapy, which are often difficult to treat [6].
According to most authors, ninety percent of
patients who underwent chemoradiation therapy
experience persistent dyspepsia, 50 % also report a
deterioration in the quality of life, of which 20—30 %
rate it below the average [7, 8]. In most patients,
the combination of diarrhea, rectal bleeding and
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Ta6nauusa 1

Po3nogin xBopux 3 NnepBMHHUM MiCLLEBO NOWMPEHUM PAKOM MPAMOT KUWKMK, AKi OTPUMYBANN HEO0aA'lOBAHTHY

ximionpomeHeBy Tepanito, 3a cTagiamu
Table 1

Distribution of patients with primary locally advanced rectal cancer treated by neoadjuvant chemoradiation

therapy by stage

Kpurepiit inpexcy cTNM KinbkicTb, n %
cTNM staging Absolute number
CTscNo 17 29,8
CT30N1 3 5,3
CT4CN0 6 10,5
CT4CN1 3 5,3
CT3N2 17 29,8
CT4N2 11 19,3
CRM + 57 100,0
EMVI + 22 38,6

1o 30 pokiB Tic/s 3aBeplleHHsT MPOMEHEBOI Teparlil Ha
TISTHKY MaJIoro Ta3a, 3aJAIIAlOThCI MOEMHAHHS Aiaperd,
pPEKTaJIbHOI KPOBOTEUi i 60TLOBOTO CMHAPOMY [9].

ITonmpu Te, 110 OCHOBHA J03a iOHiI3YIOUOro BHII-
POMIHIOBAHHS ITPOEKTYETHCS iCIIPSIMOBYETBCS Ha LIiJIbO-
BUIl OpraH, CyMiKHi KpUTUYHiI OpraHu, B MepLly Yyepry
BCi OpraHu MaJioro Tasa i TepMiHaJlbHi Bifiin KJ1IyOOBO1
KMIIIKY, TaKOX OTPUMYIOTH II€BHY /103y ONPOMiHEHHS,
sIKa 1HAYKYE PO3BUTOK OCHOBHUX IIPOSIBIB racTpOiHTeC-
TMHAJIbHOI TOKCUMYHOCTI MIPOMEHEBOI1 Teparii. 3BaXarouun
Ha Pi3HY TiCTONOrIYHY OyI0BY KPUTUYHUX OpPraHiB Ma-
JIOTO Ta3a, iX pi3HY pamiouyT/IMBICTh, pereHepaTOpPHUIA
MOTEHIliaJl, PO3MOAiT i (paklioHYyBaHHS TO3M OII-
POMiHEHHSI, HeJTiHIMHICTb ajibTepallii IpoBeIeHOI0 MPo-
MEHEBOIO Teparli€ro, crmoHykano J. Andreyev 3i cIiBaBT.
10 BBEIECHHS MOHSTTS <«Ta30Ba IIPOMEHEBa XBOpoOa
(pelvicradiation disease)» [10].

YV paMKax 1i€l KOHLEMii, 3aJIeXXHO BiJ MepeBakaHHs
UTOTOKCUYHOI aJibTepallii mpy paHHii (a3i 3amajeHHs
ab0 IHTEepPCTULIATBHOIO CKJIEPO3y 3BACKYJIITOM MiKpO-
LUPKYISATOPHUX CYAWH, YCKIAAHEHHSI MPOMEHEBOI Te-
pamnii po3noaiJisitoTh Ha paHHi (10 12 TWXKHIB Bif rmoyar-
Ky TIpOMeHeBOi Teparrii) i mi3Hi (Oinbine 12 TUXKHIB Bif
MoYyaTKy IMPOMEHEeBOI Teparlii).

UMHHUKKA pU3UKY PO3BUTKY YCKJIaTHEHb ITPOMEHEBOL
Teparii, 3rifHO 3KoHuemnuieo J. Andreyev 3i CIiBaBT.,
PO3NOALISIIOTHCS Ha 3aJIeXKHi BiJl Malli€eHTa i Big cnocoly
npoMeHeBoi Teparrii. Jlo mepimx BiZHOCITh HasIBHICTb
ILIYKpPOBOTO MiabeTy (pU3UK MPOMEHEBOIO MPOKTUTY Ha
28 % BuUIIMIA), MaJliHHS, 3alalbHi 3aXBOPIOBAHHS TOBC-
TOI KMIIIKM B aHaMHe3i (Ha 29—46 % BULLMiI pU3UK PO3-
BUTKY yCiX YCKJIaAHEHb), CUCTEMHIi 3aXBOPIOBAHHSI CITO-
JIyYHO1 TKAaHWHM B aHAMHE3i, paHille MepeHeceHi ore-
paTUBHI BTpyYaHHSI Ha OpraHaxX YepeBHOI ITOPOXXHWHU
abo Mayoro Tasa (MOXJIUBICTE (bikcallii TOHKOI KUIITKHN

pain syndrome remains as the dominant symptoms
that can occur for 2 months to 30 years after the
completion of pelvic radiation therapy [9].

Despite the fact that the main dose of ionizing
radiation is delivered and directed to the target
organ, adjacent critical organs, first of all the
pelvic organs and terminal ileum, also receive a
certain dose of radiation that induces the develop-
ment of the main manifestations of gastrointesti-
nal toxicity of radiation therapy. Taking in regard
the different histological structure of the critical
pelvic organs, their different radiosensitivity,
regenerative potential, distribution and frac-
tioning of the radiation dose, the «nonlinearity»
of the alteration carried out by radiation therapy,
J. Andreyev et al. has recently come up with a
«pelvic radiation disease» concept [10].

Within this concept, depending on the predomi-
nance of cytotoxic alteration during the early phase
of inflammation or delayed sclerosis with microvas-
cular vasculitis, the complications of radiation
therapy were divided into early (up to 12 weeks
from the start of radiation therapy) and late (more
than 12 weeks from the start of radiation therapy).

The risk factors for the development of radiation
therapy complications, according to the concept of
J. Andreyev et al., are divided into patient related
and radiation therapy related. The former includes
the presence of diabetes mellitus (the risk of radia-
tion proctitis is 28 % higher), smoking, past history
of inflammatory bowel disease (29—46 % higher
risk of developing all complications), history of sys-
temic diseases of connective tissue, previous surgi-
cal interventions on either abdominal or pelvic
organs (the possibility of fixation of the small intes-
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crmaiiKkaMy JIO IT0JIsI OIPOMiHEHHSI), a TaKOX SIK BUCO-
KM, TaK i HU3bkMii iHaekc macu tina [10, 11]. YuHHUKK
pU3NKy, TOB’sI3aHi 3 JIKyBaHHSIM, — II¢ Tepeaycim
CHiBBITHOIIEHHS 103U, (OpaKIioOHyBaHHS i PO3Mipy ITO-
JIst onpoMiHeHHs. JIpyropsiiHe 3Ha4eHHsI Ma€ napajielib-
HUI NpuiioM XiMionpenaparTiB, a TAKOX TapreTHUX Tpe-
napariB, 1110 BIJIMBAIOTh Ha aHTioreHes [11].

TocTpi MposiBM TOKCMYHOCTI MOXYTh BUHUKATH 3 OOKY
Oyab-SKOIo OpraHa, 110 BXOJUTH B TT0OJie TIPOMEHEBOI Te-
pariii, ajie Hacammepe/ Le npsMa icurMornoaioHa Kull-
ku. [Tonpu Te, 1110 Nepli CUMIITOMU IPOMEHEBOTO YIlI-
KOIXXEHHSI BKa3aHUX OpraHiB, SK MpaBUJO, Pi3HO-
MaHiTHI i HecreludiyHi, yOUIBIIIOCTI BUITAAKiB MaHi-
decrauig HacTae yepe3 2—3 TUKHI BiJl TOYATKy Kypcy i
Jocsra€ HalOiTbIIOl BUpaXkeHOCTi Ha 4—5-1 TMKIEHbD,
Npu aJeKBaTHOMY JIiKyBaHHI TNPUIMHSETbCS Yepes
3—9 wmic. micns 3aBepiueHHs Kypey [12]. ITig yac paHHbOL
¢a3y MpoMeHeBOro YIIKOIXKEHHS JecKBaMmallis eriTe-
JIi10 1 Aoro CKym4eHHs Yy MPOCBITI KPUMT TOBCTOI KUILIKU
CIIOCTEpiraloThes BXKe yepe3 8 TOo. IMicis il ioHi3youo-
ro BUIIPOMiHIOBaHHS. Jlo iHIIMX XapaKTepHUX O3HaK
YIIKOMKEHHSI BrocTpiit (paszi HajexaTb HaOPSK MigCau-
30BOT0 MIApPy, HOTro iHMIIETPALLis emiTeTiOITHUMMT KITiTH-
HaMU i (popMyBaHHSI €03MHOMIIBHUX MiKpoaOCleciB y
oro TOBIII.

MiT03 B HEYIIKOJXEHUX eMiTeJiouuTax iCTOTHO
YOOBiIIbHEHU, 110 Bele A0 TPUBaI01l €KCHO3UIIil TpU-
JIETJIUX CTPYKTYP KMIIKOBOI CTiIHKM BMICTY 1i TPOCBITY.
BaxxnuBoo ocoOaMBICTIO ajibTepallii B paHHi ¢a3i €
IHTAKTHICTh CYAMH MiKpOLUMPKYJISITOPHOro pycia i
obopotHicTh npouecy [10—12]. I[laToreHeTnyHa Kap-
THMHA «T'OCTPOro MPOMEHEBOI0 KOJIiTy», ONKcaHa BU-
e, B 25 % BUIaaKiB JOMOBHIOETHCS MPOSIBAMM IPO-
MEHEBOTO EHTEPUTY, IS SKOTO XapaKTepHi Hal-
MIpHMM picT MiKpoopraHi3miB i, BiAINOBiZHO, Oak-
TepiiiHa TpaHCcJoKallisl BAMCTaJbHI BigdiJu TpaBHOIO
KaHany [10, 12].

Ha BinMiHY Big TOCTpUX YIIKOMXEHb, TiCTOJOTiYHI
0COOJIMBOCTI XPOHIYHOIO YIIKOJXXEHHS BiApi3HSIOTHCS
3HaYHOIO Mipo. [0JMOBHUM MNAaTOTeHETUUYHUM Me-
XaHiI3MOM, 110 MTPU3BOAUTH A0 0€3MOBOPOTHUX MOP(HO-
JIOTIYHUX 3MiH, B JaHOMY BUIIAAKYy € IIPOrpecylounii
¢i0po3 i3 3aTydeHHAIM yCiX IIapiB KUIITKOBOI CTIHKM a00
OyIb-SIKOTO iHIIOro KpuTudHoro oprany [13]. ¥V cynu-
HaxX MIKpOLIMPKY/ISITOPHOTO 3pOCTAaHHSI Ha TJIi IIpOMeHe-
BOTO BAaCKYJiTy pO3BUBAIOThCS CKJEpO3 i oOJiTepallis,
IO TIPOSIBIISIIOTLCS B TIEPIIy 4Yepry B aTpodil emiTeito
cnu3oBoi obosonku [10, 13]. Hapocratoua imemis Bene
JI0 TIoAaJbIIOro mporpecy (ioposy, 3aMUKalOYu TaKUM
YUHOM «XMOHE KoJIo». IHOIyKOBaHa IIPOMEHEBUM Bac-
KyJIiTOM eHJoTesialbHa AUCOYHKIIIS BeIe A0 MiaBUIIe-

tine by adhesions to the irradiation field), as well as
both high and low body mass index [10, 11]. The
risk factors associated with radiation therapy
include the dose, fractioning and volume of the
radiation field. Of paramount importance is the
administration of concurrent chemotherapy, as
well as targeted drugs that affect angiogenesis [11].

Acute toxicity can be related to any critical organ
within the irradiation field, but first of all it is the
rectum and sigmoid colon. Despite the fact that
the first symptoms of radiation damage to these
organs are usually diverse and nonspecific, in most
cases manifestation occurs within 2 to 3 weeks
from the start of the course and reaches its maxi-
mum intensity at 4 to 5 weeks. Under successful
treatment it stops after 3 to 9 months following
course completion [12]. During the early phase of
radiation damage, desquamation of the epithelium
and its accumulations in the lumen of the colon
crypts are observed as early as 8 hours after expo-
sure to ionizing radiation. Other significant signs
of damage in the acute phase include edema of the
submucosal layer, its infiltration with epithelioid
cells and the formation of eosinophilic microab-
scesses in its thickness.

Mitosis in intact epithelial cells is significantly
decreased, which leads to a long exposure of the
underlying structures of the intestinal wall to the con-
tents of its lumen. An important feature of alteration
in the early phase is the intactness of the vessels of the
microvasculature and the reversibility of the process
[10—12]. The pathological features of «acute radial
colitis» described above are supplemented in 25 % of
cases with manifestations of radiation enteritis,
which is characterized by excessive growth of micro-
organisms and, consequently, bacterial translocation
to the distal parts of the alimentary canal [10, 12].

Unlike acute lesions, the histological features of
chronic lesion differ significantly. The main patho-
genetic mechanism leading to irreversible mor-
phological changes, in this case, is progressive
fibrosis involving all layers of the intestinal wall or
any other critical organ. [13]. Inside microcircula-
tory vessels sclerosis and obliteration develop on
the background of radiation vasculitis, which are
manifested primarily in atrophy of the mucous
membrane epithelium [10, 13]. Increasing
ischemia leads to further progression of fibrosis,
thus closing the «vicious circle». Radiation
induced vasculitis leads to endothelial dysfunc-
tion, causing increased expression of thrombin and
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HOI eKcIpecii TpoMOiHy i Mpo3anaJbHUX IMpOcTariaH-
nuHiB. TloenHaHHsT Tiporpecytouoro ¢idpo3sy, imemii i
XPOHIYHOTO 3aMaJieHHsI MPU3BOASITL SIK A0 MopQo-
JIOTIYHUX, TaK i (PYHKIIOHATBHUX MOPYIIEHD.

IloniOHMIT maTOreHeTUYHMII MeXaHi3M peaizallii
OiooriyHoro e@exTy IOrJIMHEHOI 10Hi3yH4Ooi eHeprii
TaKOXK XapaKTepHUU 1 IJIs1 pO3BUTKY YpaXkeHb KiCTKOBOI1
TKaHuHu. Tak, 3rinHo 3 nanumu J. Hopewell 3i criiBaBrT.,
HeTpsIMUIT eheKT il i0Hi3yr04oro BUIIPOMiHIOBaHHS Ha
KiCTKOBY TKAHMHY MOJISITA€ B MATOJOTIUHINi 3MiHi MiKpO-
HUPKYIATOPHUX CYIUH KiCTKOBOTO MO3KY. AHTioiOpo3
iMIKpOLIMPKYISITOPHA OKJIIO3isl CYTIPOBOMXKYIOThCSI TKa-
HUHHOIO TIMOKCi€l0, IKa BeJe 10 CKOPOUYEHHS KiTbKOCTI
0CTe00JIaCTiB, 3HMXKEHHSI CHHTE3Yy KOJareHy, JIy>KHOI
¢ocdarasn, i, BigImoBigHO, 10 TTOPYIIEHHS MiHepai3a-
Lii, 10 KJIIHIYHO TMPOSIBISIETHCS TMOCIiIOBHICTIO JIeTe-
HEpaTUBHO-AUCTPO(DIYHUX MOPYLIEHb inepeaoMy [14].
VY npencraBieHOMY KJIiHiYHOMY BUIIAAKY BHOEpILE OMU-
CaHO JeTreHepaTUBHO-IMCTPOdiuyHY 3MiHY KiCTKOBOI
TKaHWHM, 10 BMHUKJIA Ha TJi peajizalii IMOBHOrO
KJIiHiKO-PaaioJoriyHoro perpecy IEepBUHHOIO paky
OpsSIMOi KMILIKU, 3 MPUBOAY SIKOTO MPOBOAMIACS XiMiOIT-
poMeHeBa Teparisl.

ITpobGaema pamialliiiHOTO YIIKOIKEHHS KiCTOK BUHUK-
Jla OMHOYACHO 3LIMPOKHUM 3aCTOCYBAaHHSM MPOMEHEBOI
Tepamii Ajas JiKyBaHHS 3J0SKiCHUX HOBOYTBOPEHbD.
Tak, ynepiie TepMiH «IIPOMEHEBUI OCTEIT» 3aCTOCYBaB
J. Ewing y 1926 poui misg onucy naToreHeTU4YHOro Me-
XaHi3My CITIOHTAaHHOTO TIepeioMy pedep y MallieHTOK, SKi
nepeHecan MMPOMEHEBY Tepallilo Mpy paKy MOJOYHOI 3a-
no3u [15]. Hezabapom, y 1942 pouii, L.Paul i W. Pohle
BCTAHOBUJIM 3JaTHICTh iOHi3yIOUOTO BUITPOMiHIOBAHHS
eHepriero 200 KiJIOBOJBT iHillifOBaTU HEKPO3 KiCTKOBOI
tkaHuHu [16]. S. A. Guttenberg y 1972 poli 3anpornoHy-
BaB PO3Pi3HSITU MOHSTTS «aCeNTUYHUI OCTEOpalioOHEK-
pO03» i «iH(piKOBaHUI OCTEOPadiOHEKPO3», 1110 MaIOTh 3a-
TaJibHY €TiOJIOTiI0, TMaToreHe3 i maToMop@oJIoriyHi xa-
pPaKTEepPUCTUKM, ajle BiIpi3HSIOTHCS BiACYTHICTIO B Iep-
oMy ab0 HasgBHICTIO B JIPYroMy BHIIAIKy KIIHIYHOI
cuMmnToMaTuku [17]. 3 pO3BUTKOM HOBUX TEXHIUHUX
¢dopM npomMeHeBoi Teparlii 3MiHUJIKUCh YacToTa i CTYMiHb
TSKKOCTI padialiifHOro YIIKOIKEHHS cKeJieTa. Yrepiue
3arajibHi 3aKOHOMIpPHOCTI MPOMEHEBOr0 YIIKOJIXKEHHS
KiCTOK OyJIM MNpOAEeMOHCTpPOBaHi B mociimxkeHHi W.
Howland y 1975 poui [18]. He3anexHo Bin Tumy ioHi3y-
FOYOr0 BUITPOMIiHIOBAaHHSI, 3aCTOCOBAaHOIO B Ipynax (0e-
Ta-BUTIpOoMiHIOBaHHS eHeprieio 200 KitoBobT, 25 MeB i
raMMa-BUIIpOMiHIOBaHHS Bim mxepena “Co), y Bcix
MaIli€eHTIB BiA3HavaaKWcs peHTreHorpadiuyHa IoCi-
JMOBHICTb YILiIIbHEHHS TpabeKy/au, MOTOBILIEHHS KOPTU-
KaJIbHOTO II1apy, JOKAJbHOI, a MOTIiM AU(PY3HOI AeMiHe-

proinflammatory prostaglandins. The combina-
tion of progressive fibrosis, ischemia and chronic
inflammation leads to both morphological and
functional disorders.

A similar pathogenetic mechanism for the real-
ization of biological effect of absorbed ionizing
energy is also specific for the development of bone
tissue lesions. Thus, according to J. Hopewell et
al., the indirect effect of ionizing radiation on
bone tissue is about a pathological change in the
microvasculature of the bone marrow. Angiofibro-
sis and microcirculatory occlusion are accompanied
by tissue hypoxia, which leads to a decrease in the
number of osteoblasts, a decrease in the synthesis
of collagen, alkaline phosphatase, and, consequent-
ly, to a violation of mineralization, which is clini-
cally manifested by a sequence of degenerative and
dystrophic disorders which result in fractures [14].
In the presented clinical case, a degenerative
change in bone tissue of left lateral sacral masses
was first described, which developed apart from a
complete clinical and radiological response of pri-
mary rectal cancer.

The problem of radiation damage to the bone tis-
sue arose simultaneously with the widespread use of
radiation therapy for the treatment of malignant
tumors. Thus, the term «radiation osteitis» was first
used by Ewing in 1926 to describe the pathologic
mechanism of spontaneous rib fracture in patients
undergoing radiation therapy for breast cancer [15].
Soon, in 1942, Paul and Pohle established the abil-
ity of 200 kilovolts of ionizing radiation to initiate
necrosis of bone tissue [16]. Guttenberg in 1972
proposed to separate the concepts of «aseptic oste-
oradionecrosis» and «infected osteoradionecrosis»
that have a common etiology, pathogenesis and
pathological characteristics, but differ by the mean
of absence of clinical symptoms in the first or in the
second case [17]. With the development of new
technical forms of radiation therapy, differences in
the frequency and severity of skeletal radiation
damages were noted. For the first time, the general
patterns of radiation damage to bones were demon-
strated in a study of W. Howland et al., in 1975 [18].
Regardless of the type of ionizing radiation used in
the study groups (beta radiation with an energy of
200 kilovolts, 25 MeV and gamma radiation from a
Co source), all patients had a radiographic
sequence of trabeculae thickening, thickening of
the cortical layer, local and then diffuse demineral-
ization, the appearing foci of sclerosis, cystic reor-
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paJizallii, mosiBa BOTHUIL CKJIEpO3Y, KiCTO3Ha Mepedyno-
Ba TpabeKyasIpHOI PEYOBMHM, 110, Ha AYMKY aBTOPIB,
Bigmosigamo aTpogii KicTKoBOi TKaHWMHU. BomHouac,
iCTOTHI BiIMiHHOCTI Big3HayaJlucs B TPyMi MAIli€HTIB,
sIKi OTpUMYyBaju 0eTa-Teparito eHeprieto 200 KiJIOBOJIBT.
Cepen HUX 3apeeCcTpOBaHa JIOCTOBIPHO OiJiblIa KiJIbKiCTh
nepeioMiB, OCTEOHEKPO3iB i OCTEOMIENITY TTOPiBHSIHO 3
pelTor. ABTOPM TaKOX Bil3HAYMIM J10303aIeKHUI
edeKT y mposiBaX BKa3aHUX YCKJIaJHEHb, aKLIEHTYIOUU
Ha TOMY, 1110 MEHIlIA €HEPrisl i0Hi3ylI04Oro BUIIPOMiHIO-
BaHHS BeJie IO OiMbII BUpakeHUX (POPM ITPOMEHEBOTO
VIIKOMXXEHHS KiCTKOBOI TKAHUHMU.

3 mo3uuii 6ioMexaHiku, KiCTKM Ta3a 3a3HalOTh MaK-
CHMMaJIbHOTO BaroBOTrO HaBaHTaXXEHHS, 110 IIEPEHAETh-
csl Bif Tyjyba yepe3 xpeOeT i po3NOJiIsIETbCS Yepes
KpUXi, cakpoilleajbHi Cyrj0o0M Ta KJIyOOBi KiCTKM Ha
HUXKHI KiHIIIBKM 4Yepe3 TOJIiBKM i IUHAKU CTErHOBUX
KicTok. Iliero 06CTaBUHOIO MOSICHIOIOThCSI pe3yabTaTU
peTpoCcneKTUBHOTO pociimkeHHs J. Kwon, akuii aHa-
JIiI3y€ CTPYKTYpY clelndiyHUX TepeoMiB KiCTOK Ta3a
y MalliEHTOK, SIKUM IIPOBOJMIACS IIPOMEHEBa Tepallist
3 IIPUBOJY paky LKk Matku [19]. Haituacrie me-
pejoMaM TIiignaBajiacsl jlaTepajbHa Maca KpUXiB Yy
30Hi ipaBoro (62 %) i niBoro (58 %) cakpoijleaabHO-
ro cyriio6a, Tiso kpuxiB (29 %) i Tino KIy60OBOI KicT-
ku (17 %). IlpukMeTHO, 110 MEepesIOMU TOJIiBOK CTEr-
HOBUX KiCTOK, SIK i MepejloMU TiIKM JIOHHOI KiCTKH,
BinzHavanucsa B 1 % crnoctepexeHb. Pazom 3 TuMm, ae-
TeHepaTUBHO-AUCTPOdiUyHI 3MiHM KiCTOK OChOBOTO
cKejeTra y L€l KaTeropii maui€eHTOK IMPakKTUYHO HeE
BiJ3HAYaIUCh.

MaxcuMmalibHa ToJIepaHTHA 103 IJIs1 KiCTKU Y JOPOCJIOl
moauHu cknagae 65-70 Ip. BukopructaHHs aKepes 3 Me-
raBOJIBTHOIO €HEPTi€lo i MOXJIMBOCTI 3D-Moae10BaHHS
HaZal0Th MOXJIMBICTD HE JIMIIIe HaTOYHIiIIe (DOKYCYBaTH
MOIIMHEHY 03y B LIIJIbOBOMY BOTHMILI, aje i MakKcCHu-
MaJIbHO 3MEHIINTH ITPOMEHEBE HaBaHTAKEHHS Ha KpH-
TnuHi opranu [20]. CaMe ToMy Taki Mi3Hi YCKJIaOHEHHS
MMPOMEHEBOI Teparii, 9K creur@iuyHi mepeIoMn KiCTOK
Tasa, 3 IMPOKUM 3acTocyBaHHIM 3D-KoH(MOpMHOI Ipo-
MEHEBOI Tepartii CTajau TparuIsiTUCS HabaraTo piflle.

VY npuBeneHOMY HaMM CITOCTEPEXKEHHI MiCTUTBCSI OITHC
SKHa0axXaHiIoro eeKTy Bim 3-KoHPOPMHOI TpoMeHe-
BOIi Tepartii, a camMe TMOBHOTO KJIiHiKO-PaIioJ0TiYHOTO per-
pecy MEepBUHHOIO MiCLIEBO TOILIMPEHOro PaKy MpsMoi
KMIIKHU, 3a(piKCOBaHUI JOCUTh 3HAUHMIA 2-piuHMA Oe3pe-
LMAUBHUI Mepiof, TaK i JOCUTb PiAKICHOIO i HexapakTep-
HOTO BiggaseHoro eexkTy il i0OHi3ylouoro BUIIPOMiHIO-
BaHHS Ha KPUTUYHI OpraHu, a caMe — OilarepajibHUi
aBaCKYJIIPHUM HEKPO3 JIaTePAIbHOI Macy KPYIKi.

ganization of trabecular substance, which, accor-
ding to the authors, corresponded to atrophy of bone
tissue. At the same time, significant differences were
observed in the group of patients receiving beta
therapy with an energy of 200 kilovolts. Among
them there was a significantly greater number of
fractures, osteonecrosis and osteomyelitis com-
pared with the rest. The authors also noted a dose-
dependent effect in the manifestations of these
complications, emphasizing that the lower energy
of ionizing radiation leads to more pronounced
forms of radiation damage to the bone tissue.

From the standpoint of biomechanics, the pelvic
bones undergo a maximum weight load, transmitted
from the body through the spine and distributed
through the sacrum, sacroilial joints and iliac bones
to the lower limbs through the heads and neck of the
femoral bones. This circumstance explains the
results of a retrospective study by J. Kwon et al., ana-
lyzing the structure of specific fractures of the pelvis
in patients undergoing radiation therapy for cervical
cancer [19]. The lateral masses of the sacrum in the
zone of the right (62 %) and left (58 %) sacroilial
joint, the body of the sacrum (29 %) and the body of
the ilium (17 %) were convicted to the most frequent
fractures. It is noteworthy that fractures of the
femoral heads, as well as fractures of the branch of
the pubic bone, were observed in 1 % of cases. At the
same time, degenerative and dystrophic changes in
the bones of the axial skeleton in this category of
patients were practically not observed.

The maximal tolerant radiation dose for bone in
an adult is 65—70 Gy. The use of sources with
megavolt energy and the possibility of 3D modeling
makes it possible not only to focus the absorbed
dose most accurately in the target focus, but also to
minimize the radiation influence on critical organs
[20]. That is why such late complications of radio-
therapy as specific fractures of the pelvic bones,
have become much less common with the extensive
use of 3D conformal radiotherapy.

Our case report contains a description of the
most desirable effect of 3D — conformal radiothe-
rapy, namely the complete radiological regression
of the primary locally advanced rectal cancer,
which has an inspiring recurrence-free period of
two years, and a rather rare and unfavorable long-
term effect on critical organs, namely, bilateral
avascular necrosis of the lateral masses of the
sacrum.
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BUCHOBOK

He3Baxarouu Ha cTaHAAPTU30BAHY i MPELU3iiiHy TEXHIKY
MIaHyBaHHS, (DpaKLiOHYBAaHHS 1 JO3UMETPUYHOTO KOHT-
pOJTIO 3a MPOBEIEHHSIM Heoal I0BaHTHOI XiMiOTIpOMEHEBOI
Teparii 3 MPUBOAY MiCIIEBO IOIIMPEHOIO PaKky MpsIMOI
KMIIKU, 0i0JIOTiUHi e(heKTH i0Hi3yI0uOro BUIMIPOMiHIOBaH-
HsI Ha KPUTUYHI OpraHU MOXYTb HOCUTU Pi3HOMAaHITHUI
XapakTep sIK 32 YaCOM BUHUKHEHHSI, TaK i 32 CBOEIO CTPYK-
Typoro. O1uiHo4u e(heKT Heoal IOBAHTHOI XiMiompoMe-
HEBOI Tepariii, cj1ia OpaTv 10 yBaru MOXKJIMBICTh PO3BUTKY
HaBiTh IyKe PiIKiCHNX e(peKTiB iOHi3yI0UOTO BUITPOMIHIO-
BaHHS 3 00Ky KPUTMYHUX OPraHiB i BKJIIOYATH IX paHHE
BUSIBJICHHSI B JiarHOCTUYHUWIA aJITOPUTM.

IHOOPMALIIHA YTOJA

[lepen myGuikalliero HaBeIEHOIO BUIE KJIiHIYHOTO BH-
MajaKky MalieHT 3alIOBHUB MMMCbMOBY iH(POPMOBaHY Yro-
Iy, IO Ja€ JO3BUT HA BUKOPUCTAHHS WOTO MEPCOHATb-
HUX IaHUX.

CINMUCOK BUKOPUCTAHUX OXKEPEN

1. Bone complications after pelvic radiation therapy: evaluation with
MRI / G. Ugurluer, T. Akbas, T. Arpaci et al. J. Med. Imaging Radiat.
Oncol. 2014. Vol. 58, no. 3. P. 334-340. DOI: https://doi.org/
10.1111/1754-9485.12176.

2. Daldrup-Link H. E., Henning T., Link T. M. MR imaging of thera-
py-induced changes of bone marrow. Eur. Radiol. 2007. Vol.
17(3). P. 743-361. DOI: https://doi.org/10.1007/s00330-006-
0404-1.

3. Transanal endoscopic microsurgery in treatment of small rectal T1
highrisk, T2 and T3 carcinomas combined with radiochemotherapy /
M. Amann, J. Burghardt, C. Stratz et al. Eur. Surg. 2015. Vol. 47(5).
P. 226-237. DOI: 10.1186/1477-7819-10-255.

4. Preoperative radiotherapy and local excision of rectal cancer with
immediate radical re-operation for poor responders: a prospective
multicentre study / K. Bujko, P. Richter, F. M. Smith et al. Radliother.
Oncol. 2013. Vol. 106(2). P. 198—205. DOI: https://doi.org/10.1016/
j.radonc.2012.12.005.

5. CARTS Study Group. Chemoradiation therapy for rectal cancer in the
distal rectum followed by organ-sparing transanal endoscopic micro-
surgery (CARTS study) /M. Verseveld, E. J. de Graaf, C. Verhoef et
al. Br. J. Surg. 2015. Vol. 102(7). P. 853-860. DOI: https://doi.org/
10.1002/bjs.9809.

6. Watch and wait approach following extended neoadjuvant chemora-
diation for distal rectal cancer: are we getting closer to anal cancer
management? / A. Habr-Gama, J. Sabbaga, J. Gama-Rodrigues et
al. Dis. Colon Rectum. 2013. Vol. 56(10). P. 1109—1117. DOl
10.1097/DCR.0b013e3182a25c4e.

7. Effect of pelvic irradiation on gastrointestinal function / E. Yeoh, M.
Horowitz, A. Russo et al. Am. J. Med. 1993. Vol. 95. P. 397—-406.
DOI: 10.1016/0002-9343(93)90309-d.

CONCLUSION

Despite the standardized and precise planning,
fractioning and dosimetric monitoring tech-
niques for neoadjuvant chemoradiation therapy
for locally advanced rectal cancer, the biological
effects of ionizing radiation on critical organs can
be varied both in time of occurrence and in struc-
ture. Evaluating the effect of neoadjuvant
chemoradiation therapy, one should take into
account the possibility of the development of
even very rare effects of ionizing radiation on
critical organs and include their early detection in
the diagnostic algorithm.

INFORMED CONCERN

Before the publication of the present clinical case,
the patient filled out a written informed concern
approving the use of his personal data in scientific
purposes.
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