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RADIATION THERAPY AND LATE REACTIONS IN NORMAL TISSUES

Takashi AOYAMA™', Yasumasa KURODA*?

Abstract: Recent developments in cancer therapy have made us increasingly aware that the
quality of life of a patient is as valuable as other benefits received from therapy. This awareness
leads to an emphasis on organ and/or function preservation in the course of therapy. In line with
this new thinking, greater consideration is placed on radiation therapy as an appropriate modality
of cancer therapy. Possible complications in normal tissues, especially those of late reaction type
after the therapy must be overcome. This review, therefore, focuses on recent progress of studies
on mechanisms of the complications of the late reaction type. An observation of a clinical case
concerning a late reaction of spinal cord (radiation myelopathy) and surveys of experimental
studies on the mechanisms of late reactions (including radiation pneumonitis and lung fibrosis,
and radiation response of vascular endothelial cells) provide a hypothesis that apoptosis through
the pathway starting with radiation-induced sphingomyelin hydrolysis may play an important
role in causing a variety of late reactions. This insight is based on the fact that radiation also
activates protein kinase C which appears to block apoptosis. The mechanisms of late reactions,
therefore, may involve a balance between radiation-induced apoptotic death and its down
regulation by suppressor mechanisms through protein kinase C.
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Table 1 Estimates of « /3 for normal tissues after X and gamma irradiation'

a/8(Gy) a/p(Gy)
BRS HMRIS
B GER) 9.4-21 ¥ GEMAD
HT@E) B 2.5-3.4
REMN 7.7 -1} 4.1-5.2
k10 5.5 KBS (LD,o/107 A) 2.1
[aFi3741:¢ 7.9 0 (e 1.2
W 7.1 A
% B 8.4 4 x 0.4
g N 13.9 -y R 1.6-4.1
MR 8.9 Bt 7.2-7.8
B (LD./Blb#2) 2.1-4.3
1 3.0-5.0
F/WCFRLEE 1.5
£5RH (LDy/ 1 SR 5.1

Table 2 Valuesof a, 3 and a/ 2 derived from the cell survival curves from
different human turnors cultivated in vitrol 1).

ax10 pxioo alp
(Gy-") (Gy™) (Gy)
A5 /== (88 1,37 5.37 2,5
5.55 10.5 5.3
2.78 3.15 8.8
2,71 1.52 18
RIS - EHBN 1.48 6.84 2.2
"o 2,04 4.11 5
HItE R P Lg% 1.72 7.96 2.2
3.16 5.64 5.6
2.69 2.95 9
3.19 2.88 11
IV~ 0.86 3.94 2.2
OMB D a/p D537
a/B(Gy) 2-4 4-6 6-10 10-20 >20
it =4 8 7 8 7 10
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B - REEE T A»EFERE TSIz L
TWERTIEIL VDT, #HxdihbnbEz Tl
WIFRWZ LIS FTh v,

BERSEIBEEDER)
HETREERIC L > THI AR I SN A BECHE
@f&ﬁ;ﬁ)ir?ﬁ'lfiaic;ty COXWMTHERLENTE
. BUHREEER AN S 2 ATHEIIB W ORES
‘rFf T TWwahiw, FRNOBENSERETLD

TTiE v, BRI, XA SR MR RIRE3S
1§IJ {ZCDDP-BAI - W4T # F I 0F A#E 217> TFE

IR 157208, ik ) 70 Wi 25 43 131 D A
’C&)of_”'. L LEHBIRE (2 13 Critical organ & & 72
Lt@f@%ﬂkﬂ%ﬁﬁ%%éttttwvﬁ
HEFAE SR, 20X LFERITAKFRETHS. F
BAROHELT - BRBIOT L CHHEMIRETHRE
BT BT, #0495 2BHEBEERALL
POLBERT LI I EHEVHHIBE. F27T,



102 T. Aoyama et al.

BHIZL - THIoENEEL, FEU EOERE
Moo, BRUEOEENBEA, ByHEE
EESHENREEEOR TR Z L1245,
0L LRGHRERMED —ES (KRB L A0
HRRHTIRIG) %IRRT 5.
FEB) © 59 B, Wi (GB3IEERFE LK
# . TAN2MO, Stage Mb: UICC%3-481987)
1. ARBR#ZE : 2 A

19851 H4H © REHE, Bk HsEoh L J83h %
AL oRN I L EN B E T
I1H14H~5HA5H © Ak

(FEBXHR - CT) MEXHTIIERLIRE %

BRHY. CTTIZAMMIZ/E®RE, 1) v

HERR L RIET AP R, KEGEED » /i,

BEUAHSIZHSHESISA LR,

(MEERR4L) PapanicolaouZ: s :© Class V

(REXL7 7 A/ — 1) KRESEERGERS cm

B AT THE % 0 ) HE 2 b AL

Ah, HEREX, £-d- TOMEREX

126 A, BBl B3IRERE SE%E

BERCTRT LEBEOZE %157,

P Eo i g 0B IR T, A~
LREXNORBEI G- LIRS R ERT
TAN2MO & W CFMTAGE & $IBT L, MG
EELE LI EEYBEIRL .

(&G bEE)

ABHUFT. PSK (MHk), VCR, FT-207
(iE41), Pep, CQ (REXERM) %5,
(B s G #E)

1H24H~3HA5H [ RO EREXRHE
B LRSI AR 14 cn X 10 em (HigHE
T3 ~8) L EESh, FLEETIE 7o
v 7 &7z (Fig. 1), 10 MV X% Fv. 2GyX
SFrAECRRGTRIAG L, 60 Gy % CTHEETL 7-.

3H4H 60 GyEBEREXL 7 7 4 N~ RETHE
EEEILEREIZHE N Thds, LBBREL2R
E AR

AU ~3R250 © #4Y 738, KBTI
B, GEREL L KBRELREMB L OEE
FEX D GO M/ BEE T20 GymB st
4T 7 (MHESEIThY ~8) (Fig.2).

3A2SH REBEE 7 7 A N—RECILEREIC

RONTREMBE~OREILESE, FREXT
B3I/, BUIBEIRETH - 7-2586H
TAVHEBL, WTROZERTHESHMEIX
BT, MK, BMROZERLMR % L
b, BWHHRHOEEOATH L ERESNT-.
2. ZTOHDHNE - AR

G4 ~1985FE5ASH T TR O LELL
DE, BRI RRAT R 2 O A E R & AT o 72 ¢
BEOHFLEICLY ABRERHITL .

19878220 [ AL RBIGE S, GEEMIFIERIZIE
HEERASh AR LBEYfT- 7.

REX7 741N —HE, BREZERTHS
PR EREIEEDT, BAEEE L.

3B6H : CDDP75mg, VDS3 mgik & D1k
EEIT 725 &8k,

5H27H~6H20 : {bt###E (CDDP150 mg,
MMCI0 mg) D728 ABE.

Fig.1 Preirradiative verification film: AP and PA
opposed 2-field technique including intramural
invasion to the whole right tracheo-bronchial tree
(TAN2MO: Stage Ib)
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Fig. 2 Sequental boosting of 20 Gy, due to indication
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Fig. 3 T2-weighted sagital MR image: intramedullary
high signal intensity at the vertebral level
(between Th 4-6), is very compatible with
radiation myelitis.
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