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Histopathological Study of the Esophageal Injury Induced by
High-Dose-Rate Intracavitary Irradiation
Experimental Study on the Rabbits

Toshinori Soejima
Department of Radiology, Kobe University School of Medicine

Research Code No. : 605.3
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Despite the effectiveness of the intracavitary irradiation as the boost therapy for the esophageal
cancer, the side effect of the normal part of the esophagus has not been studied enough. The purpose of
this study is to investigate the histopathological responses of the rabbit esophagus to the high-dose-
rate intracavitary irradiation. Esophageal ulcer was observed in the specimen received a dose of 15 Gy
during 7 to 28 days after irradiation. Before the mucosal changes were observed, edema and cell
infiltration were found in lamina propria. Chronic injury such as necrosis and degeneration of
epithelium, and degeneration of the wall of blood vessels was seen at 6 months. No marked changes
were found in the specimen received doses of 5 and 10 Gy.

The influences of administration of mucosal protection agent and cancer chemotherapeutic drug
were also studied. Administration of mucosal protection agent protected the occurrence of severe ulcer
and accerelated the recovery from mucosal damage. Administration of cancer chemotherapeutic agent
enhanced the radiation injury by the intracavitary irradiation of the esophagus.

In conclusion, it was strongly suggested that a single dose of the high-dose-rate intracavitary
irradiation should be reduced less than 10 Gy to prevent the esophagus from severe injury.

I. BLwic BRIc LI LIRS h3EIfERTA Y, MBS

FEBICNT 5 BRERENBHISBHED
boost therapy & L TiThh, KEEXRFTICE
B35 LRSI, BATHIERO R LicE
ETH5ZERHBIRTNBY, F 1, R
L, MRBELTETH B D, REEOK
SRR T 2 RENERE LT—RLLoo
»H5,

BAHRRERCRET > REEEIANESE,
EHEREE & b b & O RMEEEE 0 BFEO

(86)

BLTALAAREEZEC W TIIERYL X O
ERRACHR LiclE b BdHh 5970 —F &
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DEFCTHREBEDFRAE Y Z, FORELE
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Eomtad b EE TF5mm o8 &R S T5
Gy 756Gy MY & S h, BHFET20Gy LT
BEXZH00B—BTH BN, ZOHATHEKE
fous LERBRIGICE D b huic b o THEBAR I /s
ShTwign?d - c&EbhbhIIFERY
BT REPY B AT o FrEREE T o\ TR IR
B L, EFREREEOMARRECAERE

ELTOREREOFRE» HIERLARYHRECT
5 &tic, REEPFEASHERIC L 2 REEED
BER O WThBREE ML, MREBoT
WwET 5.

II. ¥&s & UH*

BB EE2~ kg O B A RFES0F (
AL IR Thad, 77V r—2—3FEW
BT A BEABHBTRICHACOh 3B £
VFAT TV =2 - (BEAT 4 IABAEH
%) # M\ 72, pentobarbital (nembutal ®) 207>
530mg/kg ¥ REBE#IRL D EAL THREEL 7
#®, FRABEL O 7SV r—2 —%EAL, 0O
R ABEBEATIC 5 & 5 B R T oL,
FEARRSH 21T - o (Fig. 1), EARBH T 1lcm HiE
T5 AR L, BEAFMATKE To5mm, R
HOBEREST.omm O L v, FE0RH
R 356Gy B DIEE T13%, 10Gy BET26%,
15Gy R C398 T, MERITTGy/BTh -1,
73, 156Gy R A O Kl E 0 # 2 1380Gy, T
2.5mm, §RIEH 5 DIEE A Smm O AL ORI
26Gy LEtE I, REIBABHET— T
H®cERBES O LR L, Ar~) vE
EDE, <574 vIEL, HE B 1 THREER
FHNCHER L, REEBBUTORY THB,

(1) #RERRRE

B 3TFoHGT 1 @S5, 10, 15Gy BHEEE
FERATRE O RS A R E A SR T RE L7,
REOHHIBHEEOIEL LTTHAR IV
BHEECIEL LT6H BHIT-1, s,
ERHBINBELTT 7Y & — 2 =72 rHpi@A
L, EBROBHEITLRM -7,

(2) ERE9RE

WEFI O TI5Gy BHEF TREE 7T B
REBEBBORENHRE S icicd, ERIRE O

ER 44 8 A25H
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Fig. 1 Simulation film of application for
intracavitary irradiation

1 EfFEZ15Gy & Lz, RRT7THEHA VTR
%1, 3, 7, 14, 21, 28, B5AB 1 HTRE
BEEDIL, W LCREORBREENEL LR
L7,

(3) *LREPHILANIC & »{E&G1ER DAEET

FEIEBF B & LTI teprenone (selbex ®) % 8
\ 7z, teprenone 75 O BHEE (A ) = v 2 A EE
) w5 Lieab15Gy ORI B % 7 Hick
1, 3, 7, 14, 21, 28, B5HHEHKE 1 HF
DERMEIL, REYRHE L OREESENEL
R L7z, 723 teprenone (ZFEP ER AT 1 B ERT
X 0BT 5 ¥ ToOM 200mg/kg R8BS L.

¥ 7z, teprenone I EBF L DEX LD DT
15Gy FE & #%21 8 B @ # 1k % teprenone I # 4
B, BEERE D IPTFoORGREARENE LY
HeEgE L,

(4) MBHIC & 2 EEHIER DR

FUEEH & LT adriamycin X J o, BEAIR
SHHE 1730481 adriamycin 8mg/kg % 5% 54
WRX b#EL, 15Gy DEABHE 7 B BICEBR
REL, fEoRBESFENE/ % adriamycin
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It 5B & HBHRES Lic, B HEOnBUX 3 FTH 5,

¥, REMASENE Lo TR, (—)%H
bhhkBEOREbRIW D, (H)RBEOCEL
DRLAD DD, (HEFEEOE(LicABRE

L0 (H) ZEHELEORGhAEDE LT,

II1, # £
(1) HBAHMABFEAL
(a) ZtEEESE (Table 1, Fig. 2a, b)
ERDF L% Table 1 1TRT,

15Gy BAHTIX 3P L IMER I CHE

OB L ORIRE, FEERE RO E Lk EE
NLhbh, BERBEBEYEL TV, MEES
BB\ CIREE S X CIFBER AP0 & LM
LR, BRBcs W THE#EOERL B R
7=,

10Gy BHBE Tk 3 Hrh 1 Pz 15Gy PR &Y &
R IRV ¥ B ns, o 2 P Tii@meEl
B AR bIT, 156Gy BAEEI bREizs ik
CEETH T,

5Gy FREHE¥, ¥ L UIEBHT L@ EL

Table 1 Histopathological findings of the esophagus 7 days after intracavitary irradiation

Findings Control 5Gy 10Gy 15Gy
Rabbit No. 1 2 3 1 2 3 1 2 3 1 2 3
Ulcer S5 — - - - = - - H+ H H
Necrosis and desquamation 5 _ _ _ _ I _ - r
of mucosa o H # i
Cell infiltration in mucosa N _ _ _ _ i _ - 4
and lamina propria W # #
Edema in lamina propria o - - = o - - + H # W
Atrophy of muscular fiber - S = — - - = = = - . +

— . no remarkable change + : slight manifestation

+ | moderate manifestation + ; marked manifestation

(a) 10Gy ; no marked changes

(b) 15Gy ; ulcer, desquamation and cell infiltration
in mucosa, and cell infiltration in lamina propria

Fig. 2 Histopathological findings 7 days after intracavitary irradiation

(88)
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BEa LT, EFHREGEEZEL T,

(b) &#:fEESE (Table 2, Fig. 3a, b)

15Gy RSB CURHBEE ic s\ TR e, B
BIVEERBFELEOMER A, KR
BECRCCNFE BRRES X OENLED
T pe s> Hilininbhtc, BECEHEEOE
i, ARRRIRBES A SR,

10Gy B& 7%, 5Gy BHE, & X UFRHBFE TR
B EBE A LR T, ERNEREEYEL T
Wiz,

(2) #ZB58925{t (Table 3, Fig. 4a, b, )
15Gy OENBEHETHE»B28A BT TRE
BRF Lo, MERELR S B %k
Nabh, BEGYEL i, i, BEH#SS
HEWRBEIREL, EBFRFELEOMMEYR
B, HBEBEBC B CHEETOSELL HhE
X o Zleranh, BHHE1BE LD HRRE
FIOFERED L, ZoB LIBHE35AE
FTRDORL, Fio, HEEESB O #/) e
ODIERENBHBEIMEE»S28EBITCAED LA

Table 2 Histopathelogical findings of the esophagus 6 months after intracavitary irradiation
Findings Control 5Gy 10Gy 15Gy

Rabbit No. 1 2 3 1 2 3 1 2 3 1 2 3

Ulcer - - - - - - - - = - - -

Necrosis of mucosa — = = = — = = + + + + +
Proliferation and degeneration _ _ - N _ . _ _ :

of epithelium S
Cell infiltration in lamina _ _ _ . . _ . _ _ i

propria i e i

Edema in lamina propria = = = = - = = = - H +H+

Atrophy of muscular fiber - - - - - — — - - + + +

Degeneration of blood vessels = - o = = = - - - + + +

(a) 10Gy ; no marked changes

R 448 A25H

(89)

L
(b) 15Gy ; necrosis and degeneration in epithelium,

and degeneration in blood vessels
Fig. 3 HistopatholoTable 3 Histopathological findings of the esophagus afte
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Table 3 Histopathological findings of the esophagus after 15Gy of intracavitary

irradiation
Findings 1 3 7 14 21 28 35days

Ulcer = = +H+ ++ + + =
Necrosis and desquamation _ _

of mucosa L H H i -
Cell infiltration in mucosa & - H H + + -
Proliferation of epithelium = = = = — - +
Cell infiltration in lamina

e + + ++ + - + +
Edema in lamina propria + +H + ++ +H + +
Atrophy of muscular fiber = = -+ -+ + + =
Thickening of blood vessels . - - + + + -

Table 4 Histopathological findings of

irradiation with teprenone

the esophagus after 15Gy

of intracavitary

Findings 1 3 7 14 21 28 35days

Ulcer = = + + = o =
Necrosis and desquamation _

of mucosa H 1 - N B
Cell infiltration in mucosa — - + + - ~ —
Proliferation of epithelium - - — = — -
Cell infiltration in lamina

propria - - * H + N B
Edema in lamina propria + + + + + + -
Atrophy of muscular fiber - - + + - - -
Thickening of blood vessels = = — + = = =

Table 5 Histopathological findings of the esopha-
gus 21 days after 15Gy of intracavitary irradia-
tion with or without teprenone

L with without
Findings teprenone teprenone
Rabbit No.

1 2 3 1 2 3
Ulcer - -+ + + +

Necrosis and desquamation of _
mucosa Ll
Cell infiltration in mucosa - = H + i #
Edema in lamina propria - + +H H H

Cell infiltration in lamina

propria = &+ dE i o
Atrophy of muscular fiber - = = = 4+ +

fo. BB R W THREOERYBHE T HE
HH228ABETHLAL,

(3) HERRPLEH - & 5 E8EEA DR (Table
4, 5)

teprenone #-5-BF D ERHZE L OB TIREE
RCiL15Gy FBEHE 7T HEn B4R ERMITABb AR
7o, 21H BRRBBEBEES 2R L, HIEES

(90)

B OEA & &8 teprenone JEHF 58 10t LI
ETho-tc, BHE21H HOZkiX Table 51z
3 & < teprenone #EFF T 3P 1 PioiE
BERARDIH, Fofo 2 FREENLSh
Tenote, Thicx LIERSHTR 3N & LEE
iR AT AY T

(4) HBH I & 5 EEIEA DK (Table 6,
Fig. 5a, b)

adriamycin #5539 58 L A ED
IR, fEtE X OB, HE»SHEEESE
o ToMRERE2ZD 52, ThiemzTi
EHEAT S MBEEERS b, i, KBS
BEcolwififlicibio - THIMLRD Hh, FE
BREFCHLAEEELLVRBETH -1,

IV. % %

BHEBREROREREEIEHE 2 ~ 3 BRI
Abhz SHEEEBHE 2 » ARLUECA SR
HEMEE,NDH D, DHERIIHEE O KIGE
EicL, BT, e, fRERoERmkx s
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(b) 7 days after; ulcer, desquamation and cell
infiltration in mucosa, and cell infiltration in
lamina propria

Table 6 Histopathological findings of the esopha-
gus 7 days after 15Gy of intracavitary irradiation
with or without adriamycin

with without
Findings adriamycin adriamycin
Rabbit No.
1 2 3 1 2 3
Ulcer + H+ H#+ H H H
Necrosis and desquamation of TR TTY
mucosa
Cell infiltration in mucosa ; 3
and lamina propria o B h
Edema in lamina propria HoH H H HE
Atrophy of muscular fiber - = 4t = = 4+
Hemorrhage in mucosa,
larina propria and #+ H+ H+ - - -

smooth muscule

DIEWR A 7L, 200 530Gy O BE T#40%I1
BIBHEELRAD, ¥, BHEREHEE S B
HOHE T coMBEBENEMAE D, By
EloREARTHORELY IS L, BTRERS
DERDER B ES DD, 20X ) L

(c) 1315 .dj?l;ts atf.ter ;. reiepi?helizaltiot'; and edema and BRI E R, Ml s & O BRI BR RS
cell infiltration in lamina propri ) ) )
g . y - .
Fig. 4 Histopathological findings after 15Gy of L3Ihs, O ébﬁ ﬂE?:hﬁ a? g oW TR
intracavitary irradiation By b BB ENBE M Thh TR D, BR

FH 448 A25H (91)
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(a) necrosis, hemorrhage, desquamation and ulcer
in mucosa, and edema, cell infiltration and hemor-
rhage in lamina propria

(b) manifestation

Fig. 5 Histopathological findings 7 days after 15Gy of intracavitary irradiation

with admiamycin

BeEmE b RB 5 h5, Northway bik= £ ) &
X I 'R WIERTLI7.5Gy L Lo 1 EBEE 7
BrLI0BRICRERG AL L, B1222.5Gy
DBHTHBICE TCENALRD EREL T
%%, Jennings Hi3 5 » b AVCHERIC 1E
30Gy DRHZ TV, ERPCHEBELL BT
DEBRET- T4, RS (Bst%E4 R
HET) (ZRIREA B oFE & KEH O MRE
DEEELL, BEELERLAT, BHE6R
LU BB Y 2T ¢B|ELTW53Y, L
2L hbOE|EL TR AR IT 55
ThhH, BAR ST FEARYEHBEO®R
I ATRIREP BEAHE AP EIRIEFIIC B\ TR S h
B D KR CEBERIRE 21T - 7o 12 7o 19718,
AR AR P BB S D R EBEE I o\ TR
BB A boost therapy & L TRENIBE %
R LB A& KA OER (H90%DEEF) <&
BHPRE 5 LEEL TR DY, Fo@k3E
ZELrBRL, BRHLECREEOREHRE

(92)

BB ICREBRPBREVLELELRE, £2T
bihvbIERR LY AV CERIIC GG E R R R
HEOMEBEEEC O TR Lic, BB
KB T5mm o Sx Av7cdt, FRORBEHEED
JEZ13490.2mm 2 50.3mm, BEEL{EOJE X
(X¥91mm 22 51.5mm & F<, BFL SHTEH
BFHES & IXE iy, UL, BE» O
BrETEL LEERRLRBTHY, ERBIC
—EOREXERERARDL Z L XRETH 5
¥, SEOSERTIREER OB & Bk E F5mm
DRZFHERICA e, BT, FhFhoEE
DNWCERELINL 5,

(1) REHIRE _

& Bl DR TIL15Gy BHH TR ZEER X
NHREE L AROER PR, TihbbRAEE 7
A B2 WEE L Bbh s AEEE O R
HERNCHER IR, L oo it—BBELE
CirrbbFEtEEL BEbh o Bl 65 F
BeBEHB LTV, LaL10Gy LLF o B
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HTlAEEEoF s icswTiREAY
ZbhF, 10Gy &15Gy DRl & EREE O RiEH
GHETHEEZDRI,

LR h@BEORERELRZ SV icditid
EREREARBRHO 1 EFE 210Gy LT3
OHREELVWEELD, BROETIR1IBDOHRD
BERBHTRT TS & ied, HETF5mm
O EIM S T 1 [5Gy 256Gy, 312Gy #2518
Gy K TA0h—BHTH A, 1 BIBSHHREE L
T10Gy B T5 2 L3, SiRERE
MBS T2 REOMBRELRE TS LTS
EOERIFEHEEZLRD, LrL, BEARH
ZHEIL T 5 RORERE OB/ B 1T
BoERC T 5 AR OMAHE, S HIT
BEEC L TR DT L0ICHELREL L
FRIZED L - BB b S BB T RETH B &
Ezbhic,

(2) REEFEIRES

SEDOEBRTIRISGY OEERBHE1IBBENS
3HECRIHEREBOED LN AL, BE
R e & OREZEL 7T BBURBRZAbRI:, =
OFRRABHEOESEL LB L 72 Jen-
nings HOFHEY L FAFOTRTH b, BiRERRE
NS L s REEECSWCLEREBOE
fbrEEE Bbhi, FERHELILA B LR
I B o i B I BERRE S R b, B 6
» A BOZELTd RMECH KEKOERETY
HoTkh, BLEOBRE KRR SEORE
PHEHRIEE O trigger & 75 T\ B AJHEM 2R
Wa i,

(3) ¥LESBHELEN (- & B S8 {ER DIRET

teprenone X BP0 Em S FhEEES
Brmxes s bic) b BREOHEEY LI
LHEBHIT®, BEHRICE T 5 BRI OBy #E
ERIC O\ T EBIRE B Thh T3, &
DIEFRDEERBEDRIFA D H 50 E 5 i K
WHT2HMWTSRIOEREY T, BRI te
prenone 5B 5\ CRIER SR L RSB
#7HEBREBEVE SRR, EREFHIL
LREMcEEOBEREA AR bR, nHx
LB E21E HORRTHIFRSHICHLE

SERL 44F 8 A25H

(93)
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%, B adriamycin ffHIC L 2 REEE O RE
74 <, bhdbhb adriamycin W TEEY
1T - 7z, adriamycin (3 HEHR S RS ELR S B &
Wbk, ISR BHOI05E A HE BT
adriamycin ## 53 500N HEDE Y =T
EHE IR T WA SEOER TS B30
AIC adriamycin 5 Lo 8, JER5H I
LEEEEOHMEMAE IR I, BRI CIE
BT 2R BEBICANBLELRD D 0w,
EABERRCIER Y AT 25613, Sl ioi
HBELEHoREEY T AL, HBEE o bt
Al ENRNER D L E X bhi,

V. #&

L, ENFERYBACTEREREARBHC L S
REEE L FRBEAMRFACERN L,

2. MEIILGY BABCTEHAKTHBR
D SR RE R E & THRBE A bR, HE
D BB T L, ¥k, BH#K6 » A
BT VRRE R D ZEMEBESE 35 X OERR 2> & BB i 013
THifaR B AR, LaL, 10Gy LIF o B
BHTRBH X 28R rhBEabhy, SRE
REABHO 1 EFEEIGY LTt td
BLEEZ BRI,

3. BRI REE 7 B E LIS
HH & Tidic, B35 A B i TiaiEL,
EERFLEOHBEY RS-, i, BHHE3 A
B ¥ ciEmc i abh T, BEREERB
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5. adriamycin # 5B TR SR LAY
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B, ABNOEER, PFBELEREREEES, £
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HiRFE®S, 4 033rd Annual Meeting of the Amer-
ican Society for Therapeutic Radiology and Oncology
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