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Diose-Time Relationship Based on Histological Changes
for Pre-Operative Irradiation Therapy in the Treatment of
Carcinoma of Upper and Mid Thoracid esophagus

Mitsuo Onodera
IInd Surgical Department School of Medicine Chiba University
(Director: Prof. Hireshi Sato)

From 1959 to 1963, altogether 224 clinical cases of carcinoma of the upper and mid thoracic eso-
phagus, were treated by combined pre-operative irradiation and radical removal, in our surgical clinic,

Out of those cases, 208 cases inclusive of squamous cell carcinoma and adenocancroid were
analized in this study.

Statistical survey of those clinical materials was carried out mainly on the “dose time relationship”
based on correlation between, method of irradiation, and histological changes on parenchymatous tissue
of the cancer tissue irradiated

Grade of histological changes due to pre-operative irradiation was classified into three categolies by
Professor Takizawa, X; Proliferation visible yet partially; 3{; Degenerated; X3 Destroyed or disappeared.

Total radiation dose D, duration of radiation T, were used and on the basis of histological data an
emprical formula has been obtained. (Mainly from 35 clinical cases with X3 changes)

Formula is D= 1,300XT0,32

Accorcing to this formula, we have employed a method of irradiating 2,000rad within 3 to 5 days.
‘When this method of pre-operative irradiation was employed, it was best to evaluate the histological
changes on 10th to 12th day following the irradiation based on various clinical materials, The X3 (most
effective cases) can be obtained most on those days.

Otherwords the radical removal of the tumor or was carried out on those days and this fact is very
important in order to improve post-operative follow up results,

Results of histological changes following by this irradiation method are very similar to those who had

2818rad within two weeks.

;1S 2% FRIHIECHE bk
W1l HELCCWREN F1 prREMAR
B2H TMEER (Ko e B E o 1R bR o HE
BIfRiz o\ T) AT R b AT RN o WE

S -



FEFI404£10 425 B

MFm o EAHE ¢ AR Ho

BE
E2M WA
#13 JRMGk

F20 HMBEOHRRYHEHNEEE (X455
3 EIFILE A A Voo e R R
(Dose Time Relationship)m sk h
#4H MMFEHRSSREoRNER (X6
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H2H WBEHRTEFMEofMoEF X 3,
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ZEE)
#1H jEATEARN1075E19 8 &# fk2000rad
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$29H RATEIMI0EIIA, #iM2500rad
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FIE HELCHERR
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IR 2 BT, RFESHEED DR OYE
FEHE L WAL, 19594 LIKEATRTIB S OB
FERT DTN B0,

BT A AR oW, W < ik 192148
Stockholm @ Radiumhemmet T{Tiih, F+
OBAHEE LTHME R L LM ERLfT
hhTE b, ZROPHENRLND.

T A ARSI BI L Tk, M EE
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Cliffton (1960)16), Gregorie and Othersen
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(1962)17,  BEIEFEBIA O 12 BHF © 2 —
T, BALKEED A — FI~20 55 5 s
NRERSE X it

L2 UED, ififRe 2T 5> T, 20
EAC I E T AR O ETh B3, o
NI E DRI & U TR 5N &kEc X
DTEV R, ThbERT 57 % 512 4
i,

1) &z o b oolE#E (Nahmmacher?),
Jingling26))

2) JEHIROEFE N OBEE (Westermark??),
Oelszner#®), Kohler?)

3) FES oML, mgitRolE, HE
BOTEE (Steingraeber3®), Kohler, Leb3l))

4) R 5 FF o #73E (Kohler,
Leh)

5) FEfEIMb X 3 FMEEOIERETH B .

BThuE, Bahc X v BREFREI fE SR
i~ R B850, ¥ OB s iiii et
X BEEREom LR BT e nEE 5
EoWT, HADRMMNHDHE LIS

IhBRBOWTFAERELNC I OT, BRY
FoRBE, MR EToTERIRL 5 &
T HAHHFNZ ORI PE S h, FiixRBE
DHR (Big, BHHEREORHIHE T EFinED
BRS04 bBEEXNS . Z ZieRvCHiET
Bghe X v Bbh @BENEL L B oA &
DOBIR A BRI T B LIEH AT S . FILLIF v
T, = DOE O#R%, Dose Time Relaticnship
YEBCANTHELLE.

2 CEWELE (Ros & RSN & o
BdtRic o)

HEPc BB L - 854, REHeERE
TBEHERE T H T X > TEMENBHEE B
EhAFIAMOEETHS .

= DRG0 LI & A ENEER L o BIR
(Dose Time Relationship) % A0 O EER
o\ THIZI L - o1k Strandquist  (1944)32)
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THZEeBB. HoBEc I, = ohE
fi L BAHEE oG, MEHEEo T,
y=kxn
KB HBREFETHEMELTALhI. Zh
LIBE, SRseh3 % 24 fe it & MR R o BY
AR M B RO ECEMEE L TR, A,
& oiiE DBFRE—lkic
D=ETn
7% Formula TEbHT X 5icinof.
{HL D=physical dose in roentgen
E=single exposure equivalent or
biclogical dose
T=over-all time in days
n=recovery exponent
Thsb.
Strandquist 1T LiuE, KERE, HEREOmEYS
Te VR DI,
D:=2850 x T0.02
THELIIND.
Cohen (18] (1949)38n jz o\~ 110.22% %
FA L, epidermoid Cancer ®i&EFCIT,
D-==33000 x TV-22
TEbLEND Y EOBRENLDETHH E LT
fo. LnL, o (1951)%m%0.25 1 EIEL
(n=0.250K, Dose (RBDxTn) o4rnfies
Lic%), Median tumor lethal dose #
D==3000 x T0.25
LHEELT\WB. {HL = © Median tumor
lethal dose TlXiBREFRH B0 M = &3/,
95% DR L B HITIL, “hk h30%HRD Ok
Er5inidhiitbitntLTen3,
Andrews (L (1951)35) Strandquist @
Formula #%
D=3200x To.22
LIBIEL, Zh#squamous cell carcinoma
AR E Uieht, Zot%(1956)%) 1 @4, 1
TR OV 28 B RS O E3H AR % EdliR
BEXRGIL R, 2hb3ih 0B 0E#H
SRR T S X 5 1cEn OfEERD TS, &
Hic LA, squamous cellcarcinoma @ figfi
ATt 5 Optimal Dose Time Relationship

AARE AR MR B2 575

(34
D=2750x T0.28

% Formula TFhbahs.

FAS MR 2 R L, ARSI oK
fif & R A R OBIRE , EIRERZRD 5 5
AW

D=1365x T3 (Tele ®Co ni4)
D= 798 x T0-4® ( 180~ 250K Vp X-rays &
e

EFEBLLTWA.

Al hd @ BB 5 3 % BRI
FRIRRE X b B, e owT® Dose Time:
Relationship T# % 2%, FALLIFoFECiT,
RIFRSHC X o TRERT LB A U rofiL ket
Zibizo\T Dose Time Relationship #iiEt
LAz,

H52E FRGRLEVCHESE

B W

F1E Mei b Ak o R G

Wi feit ERT o 3 #ic i % DA Ao BE R
WETeds, FERED 5D B AL R OSSR, We
fMoofrESErEEL T, — il adEmEmy L,

W, Tio 3Byt 5.

T Tk, TEERRERSETE 2 4456to RS X
D, BEEOHLNE 2 OB I RSB o0
FENE B s KBRS i3 5 b oz oo
DK i AEE s L. ¥, FRIDTH
wHbh, [ELNEBEFOE LT TTHE s
BB O RE < b 0% iR e im &
L7z,

L2LED, Zhbolgif LB ol i
L, #ETRCTR L A—ofiX2EAaL,
HBAA TV SR U, BeBEni sy s A Ha ke
R CTREEWEZfTiE> T 50T, Ha
IO R ER R A, BH S L e kb
PRACHERE EMEFRL T\ 5. (Fig. 1, 2)

2 Bl LAl FoE T A RSB oo s BE AR
SR BEIREET & RBFFE R DR E

19594F X b 19634EREIc THERZE A 2 4+
Bhe v THIER & i Badh_b il A s i ai e St
PR ESEN BT,
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Fig. 1 Mid thoracic carcinoma of the
esophagus: Barium swallow X-ray
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L e R
Fig. 2 Mid thoralic carcinoma of the
esophagus: Removed Specimen

squamous cell carcinoma 203 cases

adenocancroid 5 cases

carcinoma simplex 9 cases

adenocarcinoma 7 cases
ETes .

Z oW L REPIE D4\ squamous cell carci-
noma 203fic, adenocarcinoma®¥fi/y & squa-
mous cell carcinoma®{fisr L b i % adenocanc-
roid o 5 fla Nz, &t 20804 ABFges B
L, gt kb osquamous cell carcinoma
B o2 bic > T » Dose Time
Relationship ##atHc g L.

B2 PR

H1E gk

TSR, RERSY DHE P T-HE R FR S R

839

B, —MoEFIIBEHRIESEREAERN, zo
ficirishhic.

TBATSE (BoE, 2R A2 T)
I,

i) X-rays ( 300KVp)

Filter : 0.5mmCu+1.0mmAl

Pendulum irradiation

FSD.: 50cm

Angle : 300°

Field size: 4x8cmé~5 X 14cm?

Tumor dose: 120~300rad/daily
or

ii ) Tele-Cobalt (Source 2000C)

Rotation or 2 portal irradiation
SSD.: 75cm

Field size: 4x10cm2~-6 x 15cm?2
Tumor dose : 120 x 1000rad/daily

Thb.

Ui s WG A R TR AR B 43 Al D1 A B i X
% . RO MIESIC X YRR H D, N
o —[al E R 1 120~1000 rad/daily ¢35 =
ERBRCHNte. CofEflic X YHERORShB
REERR R AN B L Cik, ER A OZEH RS
nhs.

WG OBFFEBIAAH:, 19624 KRG, st
WENTREED BT o TR T B iR b Wil 0 BEE
B CRIEMS IR %, fiincAsefichi
fT+5sz Xtk b, #92EET200075%3000rad
2BEH LT, Bl —EEE 20075%F 300rad
THole.

L LED, 0k 5eliaTic 5854,

i) AT D e DIETF LoV B BT, —i#
REEDIET AR L, FHiAEEL D 2 &2 H
oD,

il ) BHEOABEENEL fo b, FEHENAR
WRERS.

BORBPETE. ZhboRibfies B
&, RBRACERLIRT, 19634 2 FENHM
SRR o> KA A B LAz

Z OIGHAE oA FHl 5 1cBE L, W
PAET SR L 51, EEMC Y HE

— B5 o~
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RE D RIBHBRAAET SR X 51,
D X3 OBPEARTOILELIESD X 510, Bt
HOVC R 2 PRAE L7

[ﬁ%bf: h,

700, 700,

‘: @%%,

#2000

500rad % 4 [a]
600rad o 3 [B]DBL
X b, 375%F 5 HEcE2000rad % Bg3 558
WBRMEREEL T Icbh B X 3ot
JhZE3000rad #1075 19H BIic RS + 5 HEk
%, 2000rad % 3 7% 5 HEic B4 5 Hik |

WHEOFRABIT LTI Ho—B8fL LT,

1 EfS S 8RB 5N,

ZEbhHD.

1 [A1000rad % MRS 72

PlEoinE, REEEES M OFER HIZEZE DT

¥, #9282 200079%E3000rad % WA L 7 fl

L, 375% 5 Afic2000rad % JBEF L #flh34 &

HAAREZRAR S 58 5258 H75

Shifleon TR TRk, .
FH2o HASEENRSORHELEE (XA
HEHBFNEE LOEEE Bl h 5 RSEE
GHARZERIBHACR) oYEEse, T s

SR B BCE TR R SR BUEED oiRB S hic X

SR LT (Tablel, Fig.4).
ZHIC LUT RSB, X0,X2, X

3B EShS. b, Xi: Bl e b

WHEgESHEE R bR, S8y S Y, BEREE

EET—clzmEdsr R oh s, ERRi

Table 1 Histological changes in carcino-

matous parenchyma after Irradiation
(takizawa's classification: x-classification)

. i Grade, change
Rbhs (Fig.3). Histological | 1.0 protoplas- in N
FBIEIAEGIC X b 20075%85000rad DEEH D el ma et
fix OfH%EE D, BEHIHED 1 B2 H36HH 2 n}liiiosi:a vi- dpg;ene:n.a‘al prwolif_ex_'atl:-
B YN T e X, si r‘?iaj]'?t tl{)i[::';'lllSl‘ e 101: v;s:l:l e
| tia ti-
T, MR TEFMZOMMcowTiz, B pa_ i S R o
ST BRCTFH Shfins, 37 ARICTER X, | oot recog- | tor viaiie | teq T
IhicflEclicdsb. LrLELKTSOFIL nized diffusely
AT 2 SRILLAC F S s 0, KB il P
KRWTREE LR TH 1+ ALRCFEH ion disappeared
Dose in rad =D ' o ; = .
400040 . | | B S
R AR EDOCGTNONR
- x| x> ] oo
B X .DI of ..x__ : ;Q Ox a
[ J I 1 oX |[eX »
200080220058 S srleo] o [ ool &loo) x [ & @ -
o sgx ol ool g .
1000£DX120, . oo
X x-the Case showing X1 changes
* Basars 4p s » KZ 2
! xx | g & ;p( P
D200 [ T ; ’
1 10 15 20 25 30 35

Over all time in days
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Fig. 3 Dose, Over-all Time and Histological Changes
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Fig. 4 Histological Changes in Carcinomatous Parenchyma after Irradiation

FE Lo msidabbhdd o, Xa:
B Bt w b io WA R AR 5 & L13FA
AETRL, BotiRfER RS h, FEWE %R
EHRSBc B oh, Blajiefk s LEkc
AT WA S D, Xa: EoOMBEAZREDT,
ol ERSBCRD bh, RPHEERE

A EET, FERE ok - e L#Edbh, 5
faBi ek & U CHiEE - WhoBr R0, ©
3 BT RASR e D .

M, BTN BEHEL ) B D s
g, A ofT oA ATHIRS AR e
L35 k5 ilBghcic <, MMiaof Ty i
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X5z L g, BiL, X 2EoTR
Wamcik Xo,Xa L B R, RAlkenax
Xz DGRl Abhsdod X3 CHELT
Wi,

Z DOREEERRBHBER O B LT, S
DIRKERMO~< b X2 ) v =g 2 vYufnl
AEVEELL, S 7.

H B O R IRGHA S A FREHTIE), fE
JGEeT, Fig. 3R L.

I [CURER & A fo SR SHURIBYER
(Dose Time Relationship) ol

M BAHIREIBIR 2 & BT, & By ko
She Lo TFRIITRA YBESh 5 F s
<o —HBLMRAL L@ KED RS X o T
MR oKy BIE S hE S .

C OWKEED RN AL 5 B 5 HHN oG
EoT, BB VTBRRMmE X 0BE G
MEFHOZEE) 2EFE BN S .

0 X3 OFR DN E BHCoWT, il
TREHARIBIGE o X b B 7RSS D WipE A 5 4
Lo TR 7%, BlnEsE (regression
line) w5 HERIEH L.

HAHEMcET s ANEHO4£MH 1z 5\,
XY @2 o0fHEC oW THETE,

(Xi, vi) 1=1,2,3, - -eeeer N
eHNHOERELRS . Zhb&EOEAE
Zr77okicgbl LTRAL, y=mx+b /5%
ERET X, DR L &5 & o YR ok
OREFHE DR R BT 5 X 5, Blb,
% (yi —mzx; —b)2
IRNeH LD S L S5 m, bREDNIE,
y=mx+b
PRTERIYOX ~0EIFEHTHS .

ZDY DX AOEHREME, x OHAECKET
LyDFHEY, xOmItE LT ELEES LT
HEPCERE S TRTEDTH S .

Fho, EBROMEMN D, YOX ~oERER

IXe
3 X —X)Gi —F)
3 (x —%)2
2x; yi —NX¥
Ixi® —Nx*

(x—%)+7¥

y:

x=%) +¥

AARE ZHAHRE LB W25 BT 5

ELTHRDBZ EAHES. (HL 5ikxy 1
DNTOEIETH D)

L5 FIORREHNE (B0 T &8 (rad) D
DFa2OFENEAY vy, x L LT, LiloFEy
AT, vy o x5 BURER, WETh
¥ log D o log T i35 BURERE 2R 5
ZEHHES . Hib,

log D=m log T+b (m,b: constant)
b EEL Z EnHEES.
F{-, m=n
b=log E &¥Hhui, Xk b,
log D=m log T+b
=n log T+log E
‘. D=ETn

e DA S, IREHEENC IS T 5 ek g
DEEMPE R AT REHI o & Lt
T Eaks. )

A HESSAESER oRES (X5 7
)

TRSTECR A BN 2 CBR L Tk, TR
X, X, X3 OFE A RTHIO LD B EA Lo,
R A RN L.

flziE, 3 HENC1800rad % IRGHE 2 354 o4l
DM IRSE A T il 3, 5 fieR
Xaffllit 1 £120.0%, Xoffllix 3 f160.0%, X1 filix
1620.0% DML TH 5 .

Fio, FIRAMRCT 570, BEEIE L LC
Kol ZE b Roh a6 Xz ) oo
5R%Y X3 R E L, ZhokibloTHH% i
CRBLT 5 & L. flziE, 3 HHEIC1800
rad % [B5H % 854 0 XafilRik 1/5=20.0%, oM
{TH5.

B3E PRk

ELHE BURESY RV, R X BT s
FRIEIBAHYIIBYEE (Dose Time Relationship)

19634 2 A igic Aol F P L B o iy pif RS X
D, Xs OFMFBHBER OB - 356 D
WEASE (HED) T, BeHRIESEE: (rad) D
12 Table 2 DD 2TICRTME THE. h
L0, FF OSBRI (10 H AL & #iAL (1000
rad Bifi7) i % F R B L ok sk ~ t,d
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ELT, Table2 ofnb 347H, 4FHICRL 4= D =D -v+d

fo. WNT, &0 t,d X b 2,d3tdeEtEL, S t: E-Cti—lqtt) d

Table 2 0450 3 FHCiRA LY. T zwoNe 7ot
dot~DEYFEH: (regression line) 1%, TRbIhon, Table 2 ORfEERASTH

Table 2 Dose and Over-all time Relationship on most radio-effective clinical Case
(Group X,) (1959—~Feb. 1963)

T D t: a: t2 a: td
No
(days) (rad) log (T/10) (log(D/1000)

1 26 4100 0.415 0.613 0.172 0.370 0.254

2 25 4000 0.398 0.602 0.158 0.362 0.240

3 22 3000 0.342 0.477 0.117 0.228 0.163

4 21 2460 0.322 0.391 0.104 0.153 0.126

5 21 2460 0.322 0.391 0.104 0.153 0.126

6 20 4100 0.301 0.613 0.091 0.370 0.185

7 19 3200 0.279 0.505 0.078 0.255 0.141

8 18 3650 0.255 0.562 0.065 0.316 0.143

9 18 3600 0.255 0.556 0.065 0.309 0.142

10 18 2700 0.255 0.431 0.065 0.186 0.110

1 18 2700 0.255 0.431 0.065 0.186 0.110

12 17 3100 0.230 0.491 0.053 0.241 0.113

13 17 3000 0.230 0.477 0.053 0.928 0.110

14 16 4663 0.204 0.669 0.042 0.448 0.136

15 16 3900 0.204 0.591 0.042 0.349 0.121

16 16 3000 0.204 0.477 0.042 0.228 0.097

17 15 3468 0.176 0.540 0.031 0.292 0.095

18 15 3000 0.176 0.477 0.031 0.228 0.084

19 14 3900 0.146 0.591 0.021 0.349 0.086

20 14 3300 0.146 0.519 0.021 0.269 0.076

21 14 3000 0.146 0.477 0.021 0.228 0.070

22 14 2600 0.146 0.415 0.021 0.172 0.061

23 14 2400 0.146 0.380 0.021 0.144 0.055

24 14 2135 0.146 0.329 0.021 0.108 0.048

25 13 3320 0.114 | 0.521 0.013 0.271 0.059

26 13 3100 0.114 0.492 0.013 0.242 0.056

27 13 2500 0.114 0.398 0.013 0.158 0.045

28 13 2200 0.114 0.342 0.013 0.117 0.039

29 12 3100 0.079 0.492 0.006 0.242 0.039

30 12 2850 0.079 0.455 0.006 0.207 0.036 |

31 12 2080 0.079 0.318 0.006 0.101 0.025 |

32 10 2750 0.000 0.439 0.000 0.193 0.000 |

33 9 2440 — 0.046 0.387 0.002 0.150 |— 0.018

34 2000 — 0.398 0.301 70.159 0.091 |— 0.120

35 4 2000 —0.398 0.301 0.159 0.091 |—0.120
5.550 16.451 1.894 8.035 2.933

T : Overall Time in days D : Dose in rad.
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Dose in rad

5000" . .

4000f S

3000 //
K .

2000 00 T

0 21300 -

T

1000 020 30 40
Over-alltime in days

Fig. 5 Dose and Over-all Time Relationship
on most radio-effective clinical Cases
(Group X,) (1959~Feb. 1963)

1x,
42933 —35% (5,550 /35) X (16.451/35)
1,894 —35X (5,550 [35)2
(t— 0.159) 0.470
= 0.320 (t— 0.159) + 0.470

s, zoFo td % T.DEZHWTEHLE
¥,
log(D/1000) =
0. 320{_ log(T/10) — 0.159 ) + 0.470
log D= 0.320 log T+ 3.099
= (.320 log T+log 1260
D=:1260T0-32
Eicsh. Blb, Kig
D=1300 T0-%2......... (1)
7o Formula ()#EHNR 5.
Zha Ry, Fig.s ol ins.
o REHTEFACOME o BE e X
%, HEFEAHE OB bR (XsfiR) 0ZEE)
#13H REHERI079E19H, & E2000rad

AARIE SHHRE S B8 572

effect

100

% i | 133%
60.0%| £0.0% 50.0%

50 L_] :33% e
ron ZUEI' Q?%
b smﬂﬂ i
-3 4-6 7-9 10-12 Total : 1-30

days following completion of irradiation
[ cases showing X, changes
[73 cases showing %, changes
cases showing X3 changes

Fig. 6 (2000~2500rad/10~-19 daySs)

Ll E2500rad ji08&

FREHE T 30 H LI il S hote22il %, mBat
HTBRFMEOIIMA 3 HEfNcKY 3 & e k
DI10RRT o, % #Rc 1 1F B ARSI RS ECR

(X728 oBbhFeWRFE WitftoTa
e B Li-@n Table3, Fig.6 THh.

s, BRSHE T HFirie ofilE 1 752 3 B ofi
Bl10fH, Xa 4k 3 £130.0%, Xa i 1 £110.0
%, X1 Bz 6 f60.0% CTH b, FHEOLIR 4
T5ZE 6 B fEGIS Bl Xs ik 1 £120.0%, X
Pk 1 #120.0%, X1 Flix 3 4160.0%CHhHbv, F
fie il 7 75 9 B OFEF 3 FlrhXsfl, X0,
X1 flir& 1 fl-3oTHhHole. MBI THIN
Z30H B FhiF 2 e fiEF 4 Bl Xs fla e
T, Xs GIEIL 0% TH BN, BERTHEFAE
O 175 9 B o¥iEa o Xs FIR 5h15=27.7%
LU THBOENRS S LiBiE LEE .

B2 REHARII0TYZELI9H . &t 2500rad

Table 3 Histological evaluation of irradiation effect based on duration between
surgery and completion of irradiation (2000-2500 rad/1p-1t days)

i days following completion of irradiation
effect
1-—-3 | 4—6 | 7—9 |10—12 | 13—15 | 16—18 | 19—21 | 22—24 | 25—27 | 28-—30
X, 6 3 1 0 1 0 0 0 0 0 11
X, 1 1 1 | 2 0 0 0 1 0 0 6
X, 3 1 1 0 0 0 0 0 0 0 5
10 5 3 2 1 0 0 1 0 0 22
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effect
34.5%
’d
27‘/6%
%-9?
-3 4—5 7-9 Iﬂ 12 i3 15 Total:1-30

days following completion of irradiation

[ cases showing X; changes
cases showing X, changes
B2 cases showing X3 changes

Fig. 7 (2500~3000rad/10~19 days)

LI E3000rad Ll T o4

RS T $30 B LAPIZ F4lF & A SE A3 2961 T
H%B. Z02900% & BT HFHRZOMME 3
HEAMEE) S & Lie k v 108 Hid <, &k
RO 2 BB R DB bR IR (Dic
FEDTEMCEIL L=y Tabled , Fig. 7T
5.

B, MBAHE THRFAGEDHIN 1 JVE 3 H oM
> 66k X Bl 46166.6%, Xz i3 14
16.7%, X1 ik 1 Bl16.7% TH 5.

FHEEOKAM 4 79 6 B 04, 104k Xz 4
1% 2 6120.0%, Xz #ii 5 #150.0%, X1 Fliz3 6l
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Fig. 8 (2000rad/3 ~5 days)
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FreReagd &, BMHRTHRIHEIRH
CFMF S =8, Xz GI3I16=66.6% & B
fEzrtotThs.

B35 WM TES H, KR 2000rad
DEE

HPRFRRC, RS T BFiBED Mo EE D
AR RRSTBER OB b h Ji % B Fdow
¥, Table5, Fig.8 o< TH 5.

TR T RFME ORI 1 THE 3 HOBE, 4
BIFFXs Bl 1 4125.0% » Xo Bk 2 $1150.0%, X
Bk 1 6125.0%,Cd 5 . FincoMM 4TvZE 6 H

O, 176k Xa Gk 7 6l41.2%, Xa it 3
BI7.6%, X1 Gl 7 Gl41.2% 0 AR5 . B
COM 7TTE 9 oS, 76 X Fliz 341
42.9%7, X2 fix 1f14.2%, X, ﬁUem{mz 9
% Thole. FAEOWRMITGEIZH B4,
Bk X3 Bl 5 4i71.4% , Xofilid 2 4128.6%, x.

Table 4 Histological evaluation of irradiation effect based on duration between
surgery and completion of irradiation (2500-3000 rad/10-19 days)

days following completion of irradiation
effect |
1—3 | 4—6 ‘ 7T—9 ‘ 10—12 | 13—15 | 16—18 | 19—21 | 22--24 | 25—-27 | 28—-30
X, 1 3 0 1 3 1 0 0 1 0 10
X, 1 5 1 1 0 0 0 0 0 0 8
X, 4 2 1 1 2 0 1 0 0 0 11
6 10 2 3 5 1 1 0 1 0 29
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Table 5 Histological evaluation of irradiation effect based on duration between
surgery and completion of irradiation (2000 rad/ 3-5 days)

days following completion of irradiation
effect
1—3 | 4—6 | 7T—9 |10—12 | 13—15 | 16—18 | 19—21 | 22—24 | 25—27 | 28—30
X, 1 T 3 0 0 0 0 1 0 0 12
X, 2 3 1 2 1 0 0 0 1 0 10
X, 1 {i 3 5 0 1 0 0 0 0 17
4 17 7 7 1 1 0 1 1 0 39

ik 0 FlcHot. Fio, Eﬁ%ﬁ%‘fﬁ&%#m‘_ﬁ@;ﬂi
A 137530 H DBAT S\ TIHEEFIEH 4 i &
RO, BETRETH .

LOLED, BcERTREz Lk, BHKT
BFAEEOWEH 1 T9ZE 9 HoBED X fiIFRic
L, 105FE1ZHOBHE D Xs FIRGFRHCE S
=71 A% =T & ThHot.

I RIS & AR R

F/1E EGHERIL0YEI9A 05 &

Dose Time Relationship # Dose=Constant
X Timen 7 Zp# & L CFRET 5 o {EF /x4
W, BEHKETHEL Y BRCER S hizflof 2o
DWW, FR (X)) DBREOFI% Spot Y
X WREFIL oo, BT A BERERD e 405
DOBSHUR, RRELEAL, Az
3% Dose Time Relationship % Spot graph

AERL L 7o b ©» Fig. 9 THh 5.

@ Fig. 9 7 &, 1000rad L)k o @ismm
%, RO ENEY 015X Ys - ki
X OB Ky L, SRR OHRE L 2 it
THRBEA DT EooREBEE 2L, &
R o B MR SR A BIE R R (DIcfE>T
BRI, BRI SR OBE YT B
E: 9/ NP T

Zoffic LT, BEHHARIL1075E 198 B4 0.
BEIYREOMEREYECE Lo o, Table6
THh.

e, HlEHVEE B o &\ iz o T, RIS
P & ARSI R OBIRE, Xs PIEREE
& L CEATC R T,

EN D EUS ST

1585~1995rad (1778rad) O, Xs FRY,

D ZogD ) .
5000 T | x case showingXi changes S
P - ” x # » .
40‘30%‘ i e P X: ” & ') .
S 3000 35 R AR AR
5. F e B LA FAREL
2 oo TSRl
N o000 AN EK
é i o | = co:o - .
ook 30t 3 S
0.5 1.0 1.5 foaT
L A 1 i . i sl e g aa Lo laaaalanni il T
1 5 10 15 20 30 40

(T:Qver-all time in days)

Fig. 9 Dose, Over-all Time and Histological changes
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Table 6 Relationship between irradiation dose and histological changes
(Over-all time : 10~19 days)

D:Dose 1000—1260 | 1260—1585 | 1585—1995 | 1995—2512 | 2512—3162 | 3162—3081 | 3981—5012
(rad) 3.0--31)| 3.1—3.2| 3.2—3.3| 3.3—3.4| 3.4—-3.5| 38.5—3.6| 3.6— 3.7
logD (3. 05== A ( 3.15 ) ( 3.25 3.35 ) ( 3.45 ) ( 3.55 ) ( 3.65 )

class value log 1122 ) log 1413 log 1778 log 2238 log 2818 log 3548 log 4467

e 7 2 0 13 10 2 0
. X ( 100%) (40.09) ( 0%) (50.095) (35.7%) (20.0%) ( 0%)
3 x 0 2 7 8 6 0 0
| & . ( 02) (40.026) | (87.5%) | (30.8%) | (21.4%) ( 0%) ( 0%)
X 0 1 1 5 12 8 1
N ( 0%) (20.0%) (12.5%) (19.295) (42.99) (80.025) ( 100%)
. 7 5 8 26 28 10 1
Remark : Above data are made on the basis of dose logalism.
Effect Table 7 Relationship between irradiation
99,99 dose and histological changes
( Over-all time :3-5 days)
99 -
Do 1800 2000
95
- logD . s 3
9% og 3 iﬁ 3 ,;D
- 2
& , (45.49) 12 (30.8%)
60 3] X 4 10
0 0 R . (36.4%) (25.6%)
40 3]
30 X 2 17
20 - . (18.295) (43.69)
10 * 11 39
5
Remark : Above data are made on the
1 basis of dose logalism.
o 1000 2000 3000 4000 5000
| ‘ —
Dose in rad Bom MBEHHEMIZTBESH D4

Fig. 10. Relationship between irradiation dose
and histological changes (Statistical
data on the most effective cases: X)
(Over-all time: 10~19 days)

=12.5%

1995~2512rad (2238rad) DR, X3 FIERI35/s
=19.2%

2512~3162rad (2818rad) DR, XafflHRi112/ss
=42.9%

3162~3981rad (3548rad) DI, X3 FIEi8)0
=80.0%
Thote. BIEEHIE L Xs AIROBIUEY, WK
IEHRMERK O ke ia Lo TR A Lz b o2 i Fig.
10THAHH, HE EFEOBERL NEIER D
WABE LTELEDLNE SR TRETHS.

BIPH & MR, BT #3008 LIPieFir X
ez xigac, RIEEHE S Xs FIsRoBIRY B
i,

MBS AR Y

1800rad DlFF, X3 IS 2u=18.2%

2000rad ®iRy, X3 SR 17/3p=43.6%
T&H-otz. (Table 7)

HAE PR ORIE

1) 19634E2 AiE0 X3 il (3561 o,
TBHHOE (BED T U e R B4 & (rad)
DEFELYRBAE DY, EREG 2 IGH LTl
B T o fi & U TRd 1T,

D=1300x T0.32
ToHot:.
2) REHETHRFReoMMo BEEr X3 X;
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ez ot o X fISRiE Y20=37.9% T dH 5%
2% FEBERTHR1IAZES BHCRTS X ff
i@, BEELZRL, 16=66.6% Thot.

iii) MRSHRI3 T 5 H, ##E2000rad i
&, BEFTH0B AT S Lz flicounT
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FHHzcoME 1 HEIHO BHE o X IR kb
L, FineoiosZE12A oBs 0 Xs fiIsix
BizE<, 5r=T71.4% Tholc.
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80.0%
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ieEGRE

1800rad DiF, XsflZi32n1=18,2%
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D50, FEMlaOETENORBRIZRD S L0,
RERMOMMALL ) v 8, mEOREE RS
Db OEDHN D AU E ST D IR~
{THEAH. TLTINBLDRDOHO T AT
TAHMC LT, BifoE GEhekfiEs
McBELT) & RisoTKS.

BEoz & X b, iaiRe BTl L i,

i) WelEIRRRE

il ) #EEENZEE

iil) AFATIRSHC X A ERREGE ok
o 3 HHHEH OB MBI b, BRI &
ST & FREFRAL ORI ZEL & O OB & DF
BTBHENMELLS.

EE Y, BEEOMEMFENE LCER LT, &
DL BHHR OMMBEN LB bh & R LT
BB R R L, e iEREE ot
IBiz X 5 X v 3 BT/ BEL, BEEC
Roh 2 88FHNBHEHR L HORE i L o
D BYR A TR L 7o

PRk, ARSI s ME 0L, BEE
IBAHT X o Tl o kA2 L & o] DBIRIC
DWTHRELTW A, fFiiRshc X h A s
4 Uil A2 k% Dose Time Relationship
YERLUCHES L Ok, FES0HEY L
Mor RSB 5 THB.

1) ENFEEAY RV, 8 X B+ 5 iE
IBSHARSEEE (Dose Time Relationship) o
W,

HE TIR1963EF R, MRiFAShe X 5 SR
#om ExiRs, Bt khiaEmcL TE 2
i, 3EEBHM TS B, FHTHEMEE (34
HFF21.7%) WL, MIREEE (3 4E7R44 .4
%) T NTHI20% DAEFERD LAXED TV S
(Fig.11) . #c AT A iR G o & & HicBI L <,
TEEE, FATOMBM, FMILTK, MEBEAOHE,
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o—o0 Irradiated preoperatively : 44 cases

a—-a Resected only % : 68 cases
\‘\a\ o-—o Irradiated only * 1128 cases
‘Q“\\D\
\Qah ~o———044.4%
S "“HA“__
. e T—a21.7%
. P -0 6.8%
0.5 1 2 3 yrs

Fig. 11 Follow-up results of cancer of the
Upper-and mid-thoracic esophagus
(July, 1963)
* The above two control groups are
treated in the same period as the
preoperative irradiation group

SEAEFRELER L CHEIKAE LS 585 Th
& 92 BN E b ATATIRA 1T T 5 A DRk
& L Ti200075ZE3000rad 27 k 5B
hic. LTz oRARES M (2000~3000
rad/fy14H) & ESEOB S bR, #®
HRSHEEE I X2 HE X3 BE o #EE
L RIS DEFICTHbh S 0T, Z0fid
EoZtx B3 B ARy, kb oMgRZrE
LBELT, BYTHA S LEbht.

£ T, Xz I U —BY S EE o2 L (R
SR THHXs HET, BHHEL LT X3
BN E S X 5 CIHiRS o kA R E L -
ZOHBOND, 196342 AZICFEMi I hi-AY
R L BUETRTIBS Pl oI Xs B354 o Mg sH
i (rad) EIBEHIR (BEO 25, ERELG?
FIAL T, BB TG L Xs 2Bl LE
SRS R ORI TPHNEED Y, ELENC T
D L LCRD I,

D=1300 x T0-82

7t% Formula (1) %787,

ZoFormula (&85 LH106, [IRSHHIR
FEMLCRE, MRS o2 R FHIEMT O F
BOAMEEINESEh, FRRELTEDX 5 eiER
HREDIhS ] LE S FRIATERS H 0, #ah
[R5 % Dose Time Relationship dif s & BFge-3
S—BEE LT, HARSEOEHFE FEL T
WIeDTH S . iz, REICE b ATaiiEst & 171
e, EFREBOETIC L Y FHREL 2o
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Table 8 Comparative study on opsrative
results based on Various methods of
pre-oerative irradiation (June, 1964)

No. of | operative mort- |

cases | death ality |

irradiated concontr- I |

ated method (one dos- 84 3 3.6%/

e more than 500 rad |
protracted method Jl

(one dose less than 164 7 4.5%;

500 rad) ! j

non-irradiated 319 32 ‘10. 0%|

i

72h, BEOEFRMABEZHE LY THREANR
BhaZEbHotknT, Formula Qlft->T
BHHRE T RE L, BB OEMHEZ TR o7 .

Z DfER, 19634 4 AtH% e, MiiiRg ik
WHEENR BN, §2 E8Riz200075%3000rad %
B ERS T 5 HEan 6, 379% 5 HMEIZ2000
rad ZEHARAEIRET T 5 ik~ LIRS0
BT LTk,

= OB HNRFERS ke AT 512y, & E
EEANC R L s FlFE TR LT, Bl B
ILEQBIFRAMBE S Richd, FMETRITFAA
ERERTEZE D e (Table8), 7&E:, ZFiZEo
BITER b 4% s bishots. R BREGNC
D\ T DFE IR RS DB o\ Tk, AR
GHEREBEREL TV B .

2) BHEETHFEMzOMEoRECLS, M
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-C.__

Wi ABG E Do TR R 2 E+ 5 o
LT, BMHER S S = LixEmoEsE
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MNHEYTHENETSIC EBEE s . mES
g, BEHETHEMNE BicRET S h -k
DWW THBZEMBHGE (X 2% 2HETS
DOIEYTHLEBET S - EHBEE LS.

EOEREEE L LTS Abhr8E2E >
DTHOT, P L LA OMEE 2 Bk L i
W e, MBShe b —FE X oSk
Th, PEP AR IGEMEONET L Y, Foi
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