B.I1. AdanaceeB!, A.A. Akumon?, E.H. Huxkoaaena?, I'A. YmakonaZ

MCIOJIb30BAHUE PAIMOBHOJIOTMYECKUX MOJEJIEN
J1IJISl OIEHKM JIYYEBO#M TOJJEPAHTHOCTHU CIIMHHOTI'O
MO3TA YEJIOBEKA ITPU PA3JIMMHBIX PE2XKUMAX

OPAKIIMOHUPOBAHMA 103bl

B.P. Afanasjev', A.A. Akimov?, E.N. NikolaevaZz, G.A. Uschakova?

The Use of Radiobiological Models for the Evaluation of Radiation
Tolerance of Human Spinal Cord at Different Dose

Fractionation Schedules

PEDEPAT

Lleab pabotel: CpaBHEHME BO3MOXKHOCTEM psiia panuoOuoIOTH-
YecKoi MoJesiell B OLIEHKE TOJEPaHTHBIX 103 Jisl CIIMHHOIO MO3ra
(CM) npu pa3inuyHbIX pexkumax ¢hpakLIMOHUPOBAHUS 103bI.

Marepuanbl M MeTonbl: B TepMuHaX JIMHEHHO-KBaAPATHIHOMN
Mozeau (JIKM) u MHOrOMUIIEHHO NTBYXKOMIIOHEHTHOM Monenu, a
TakXe Ha ocHoBe n303¢dexTuBHbIX hopmya HCJI npoaHanusuposa-
Hbl KJIMHWYECKWE NAaHHbBIC PAa3HBIX aBTOPOB O JIYYEBBIX MHUEIUTAX
rpynHoro otaena CM. Kpurepuem n3zoaddekra ObIJIO TTPUHSITO 3HA-
YyeHue M03bl ToJepaHTHOCTH, paBHoe 42 [p (mwmmHa obiaydyaeMoro
yyacTKa CIIMHHOTO Mo3ra He 6ojiee 20 cM), U1 Kypca CTaHIapTHOTO
(bpakMoOHUpOBaHUS.

Pesynbratel: Hanbosee ynoBieTBOPUTEIbHO KIMHUYECKUE TaH-
HbIC OMUCHIBAIOTCS B TePMUHAX BEIWYMHBI OGUOJOTMUYecKU dddheK-
TuBHOI 1036l (BED) B dhopmanuszme JIKM c nornpaBkoii Ha o011y0
TPOIOJIKUTEILHOCTh 00ydeHust. Ha ocHOBe mpoOuT-aHaIM3a K-
HMYECKUX JaHHBIX MTOCTPOCHA 3aBUCUMOCTh BEPOSITHOCTH MUEJIONa-
TUM OT BeJinuuHbl BED. 15 pexkuMoB 00Jy4eHMs ¢ THEBHBIM IPO-
OsieHreM 103kl pacueTsl o JIKM cortacylorcst ¢ aKCnepuMeHTalb-
HBIMU Y KIIMHNYECKUMU TaHHBIMU O YaCTOTE JIYYEBBIX MUETTMTOB ITPHU
JIOCTATOYHO OOJIBIIOM 3HAYEHWM BPeMEHM MOJOBUHHOMW perapaliuy
(3 4).

3akmoueHue: [lokazaHo, yto JIKM mnosBossieT 6osiee TOYHO,
yeM Opyre pacCMOTPEHHBIE MOIETH, IpeacKasaTh TOJEepaHTHBIE
IIO3bl IIPU 00JIyYeHUHU cMHHOro Mo3ra. Ilpouecc MeaneHHoi pena-
pauuu KJIETOK CTMHHOTO MO3ra UTPaeT CyIIECTBEHHYIO POJib B MOBbI-
IIEHUN ero TOJIEPAHTHOCTU TIPU Kypce Jy4eBOW Teparuu, MPEeBBI-
watoueit 20 gHeit. JIKM Takxke MO3BOJISIET PEaTUCTUYHO OLIEHUTh
TOJIepaHTHBIE O3Bl TIPY OOJYIEHUU CITMHHOTO MO3ra ISl PeXXUMOB
(bpakIMOHUPOBAHUS C €KEeCYTOYHBIM APOGICHUEM TO3bI.

KnioueBble cioBa: paduobuonoeuneckue modeau, CRUHHOU Mo3e,
JIy4esas moaepaHmuocmy, OHegHoe 0podaeHue 003bl

ABSTRACT

Purpose: To study the applicability of some basic radiobiological
models for calculation of the isoeffective tolerance dose for a human
spinal cord in radiotherapy at different dose fractionation schedules.

Material and methods: The published clinical data on radiation
injury of the thoracic spinal cord were analyzed using linear-quadratic
(LQ) two-component models of cell killing as well as the isoeffect NSD
formulas. The value of spine cord injury at dose 42 Gy for standard
fractionation scheme was taken as an isoeffect criterion, when the
length of irradiated cord part has not exceed 20 cm.

Results: On the basis of analysis of Strandquist's type graphics, it
was found that the best the clinical data are described in terms of a bio-
logically-effective dose (BED) of LQ model with a correction on ove-
rall treatment time. The dependence of myelopathy incidence rate ver-
sus BED was constructed using probity analysis. Calculations with LQ
model (with the value of ~3 h repair half-time) also give the realistic
values of tolerance dose for a spinal cord, when the radiation therapy is
performed by means of accelerated multifractionation method — twice
daily irradiation with time interval of 4-6 h.

Conclusion: It is shown, that LQ model gives the greater agree-
ment than other considered models in prediction of radiation toleran-
ce levels of spinal cord. The slow repair process of spinal cord cells
plays the essential role in its tolerance increase, when the radiation the-
rapy course duration is above 20 days. Two-component model (Cohen)
provides the decreased (on 10—20 %) values of tolerant dose for regi-
men of daily irradiation with small (<1.5 Gy) and large (>4 Gy) values
of dose per fraction. The LQ model provides the realistic evaluations of
spinal cord tolerance increase, when the regimes of accelerated multi-
fractionations regimes are used.
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