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Decision Theory in Treatment Planning of Upper and
Middle Thoracic Esophageal Cancer
By
Tkuo Odano, Kunio Sakai and Takashi Kitabatake

Department of Radiology, Niigata University School of Medicine, Niigata
(Director: Prof. Takashi Kitabatake)

Research Code No.: 605

Key Words:  Decision theory, Carcinoma of the esophagas, Treatment
planning, Radiation therapy

‘I'he Treatment planning (operation and irradiation) of the upper and middle thoracic esophageal
cancer was analysed using the decision theory which was applying to the other fields,

The data being used were rates of mortality after operation (8.6%), 5-year survival rates of opera-
tion (14.0%) and irradiation (13.49%), and frequencies of radiation injury (1.0-509%,) etc., which were
reported in the several literature.

It was the character of this method that these many data were regarded as variables of a function
(I), which was standing for expected value of the terminal utility losses.

When we assumed that (p) was the probalibity of operation therapy, and (q) was that of irradiation
therapy, the relationship of the terminal utility losses between two therapies would be described these
two letters.

As the result, we came to a sensible opinion that the terminal utility losses of being recieved irradia-
tion therapy would be fewer than that of operation therapy, and so, it would be suggested that irradia-
tion therapy may be chosed frequently in the radical treatment of the upper and middle thoracic esophagela

cancer.
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xBBHH, FHEHEE: S FE— BIhB LHS
, HeEHREREE T ST a RN IA
L LFDESEST LSS S h T isy.
bhb ik, ORI T, KE.LPAE
Bt 5 R OB oW T, REERO—
ST AR ERE I L TRTL X5 LR
5. y N
oL % ®

W b HIEME, TRURAFMEEROR
S ERE OMIE DO B HIER & T 5.
Fiobb, SHREIEYY & LTI, FERT0R
LIF, {6E40kg LAk, @M (B.D. 160~90
anguL)t<,ﬁﬁ®@®Lﬁﬁk<,%

HpeRE SR O FrREREE R, BT GFR

=50ce/min =, H->, fUERERO WOk
T5. o
Fic, RELEIGY?Y & LT, M bl
(Iu+1Im) & 5EHE b, REXETRL
DORFIGADE EH8.0cm LT T, A, XF
¥, XBREOEHRES~OBEEALRT, B
o, BILOEBROMNEDETS.
oL RERRN

Wi, BHREIHREE © kN, LEOHESH
AR5 L nAEBBESRELEL L
5. :
ZDBREBLRLT, bhbhBEBRTE 5TH
ik, FREE GRBFEM & BT 5 (),
HgtgsEy: (RGBS T3 2 (A), OFA
FERIET T2 (A, RO, wEEZ LR (A)
DADDFENRDS.

oD b, FMHEEE (A) L BEHEREE (A
D2 O0FECDONTELTHRLS.

¥, FhEE (A) T LCBaCERL
5 ke (States of Nature : 6) L LT #zbh
%% Dk, BRFATEE W 35 KRB 0D
&, T L 2 T FEMETT 5 REg (0) 022
b5,

W L Baci, BRI LSEL T,
SEMERET HIRME (0 &, AFLATCER
BB TIEET 5 WE (0D 0 WwIhhiiEs

AriiclLXb.

AR E S HEE SN  H37E 105

B

Wi, IR (A RHIAT LIS ficiEs

CBRMERTEL LD .

SRR B FE R RAT S h A BT,

WAL B s B I2TEESh

5.

L, bhbhid, & UDRELO GRS
WERAIE ST B LBRRT VLB DT, BHIESE
LEFETERBLDELXS.

5 ThHE, BEKTHCEZZREELT
v, 5AFEMILAEAFEL S B RE (6;) &, 54D

| M EREBCTECTARE 0) ©20o0F

abihd.

5L FAEY RCBA L, HESHHIAREIC X
ST E AAaMCEET 5EIER, Tiibb, i
BN, FOGEREZ%, OEREEROFHERER M
RHABE o TL 5.

FATRIER RO RS o RFEO B %
bRl TELBEICLT, Pho, BZD 5%

TRTORBEY BRI bon, (Fig. ) Th
B
‘ I B3 5-Year Survival->Side Effect
ey
Recurrence
Clpemtmn\, o and Death
A Operation Metastesis
herapy Operative
82 Death
Rad. Pneumonitis
Rod. Myelopathy
B 5-Yeor Survivol->Side Effect Hem?n]wp;l
\‘F"e Irradiation Leukemia
Therapy
Recurrence
g and ———————— Death
Metostasis

Fig. 1 Decision Tree

CoOR%E, RERKY (Ffk, REED Lv

. IV, jERsrs

Li bhbhOEAN, FFFEELX 505 T
bhHOWRYp L, BHERERLITLTHS
STEREp LTS,

- (fEL, P+gq=1, 0<p<l, 0<q<1)"

BF, (Fig. 1) oRERROKHO EiHiTH
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Table 1. Rates of mortality after operation
No. of Operative Rates of
Repoxten e operations death mortality
Akakura 1956—1964 172 27 15.7%
Fujimaki 1952—1972 118 18 15.5%
Sato 1965—-1972 209 s 6.7%
Nakayama 1946—1964 581 43 7.4%
Endo 1965—1972 332 13 3.9%
Total 1513 130 8.6%
Table 2. 5-year survival rates after operation
] : No. of followed | No. of 5-year S-year survival
F{epoxter i up patients survivors rates
Sato. et al. 1946—1967 586 79 13.5%
Endo. et al. 1965—1972 367 56 15.3%
Gunnlaugsson 1946—1965 56 6 10.7%
Total 1009 141 14.0%

HIRRE () DHBHRARDTH LS.

(1) FHBEREC BT 5HBHESR
FMEEAZT A LI Lo THET 5 Th A
SHER P(6,) 1, FMIECRIC b, &
ik, KREYD15.7%, BELYDI15.5%,
H"06.7%, HILILYD7.4%, EELYD3.9%
EVWSHERDY, SRBYBREALYRECLT
CTOFIHEERRDB &, 8.6% Licn (Table 1),
#E>T, P(0,)=0.086}1 B LM TES. &
hic X, FHEECATT 5 Th 5 5 FERIL,
P(0,)=0.914t > B h 5.

i, Wl Lic8E, o5 EMAERELS 5
THHOMER P(O,) 2Rp X 5.

WD b FEFERT DT, KEYDL.1%,
HEDYD5.7%, LD 13.5%, EELYD
15.3%, Gunnlaugsson £, 10.7%, A H s
DB BN, BEERMABC & 55, FHEBRE
Buc L phe, HBKESROTL S (T2 Hk
i %, % 3 FFEERAEEL L <
WA,

RUE DT, PEERAZEEE LT
HYHED, JE#ES, RO Gunnlaugsson & o 45
RV, ChbOFEBROREE R LT5

FEFREERDD L14.0% L7cn (Table 2),

#2T, P(6,)=0.140, P(0,)=0.860% 75 5,

(2) BOREREC BT s #B R

TREHEEEA BT L Tob, SEBLEELS5 5
THH MR P(O) #RD L5,

BERERED 5 FAFRCOWTL, EHY 0
7.7%, WS D.1%, A D05.7%, EHE
D12.5%, Pearson'® 019.2%, Watson'® ¢98.6
%l E DMER DB BH, —WEBRTIT10%BTHEH
SEER TR & e B .

LaL, ChbOHEDREE 2T w3548
FIOFIZIL, bivbh O 5 BRI O
bORSiEbTFEERTH SIS, ThERD
SEBE A FI B bl ik L dn e s,

%OT.Wmmﬁmﬁﬁnwﬁmﬁﬁﬁm%#
RS D X O IEME SR E LTS &
WO A S, [ATH, fHEF, Pearson o #1451 Ts
HEEAGHZ L L k5 (Table 3),

SEOBIBW « BB L 5 &, 54
SFRRIS.4% LS. .

e TP(05)=0.134, P(0,)=:0.866%18%.
V. EREERORNS
CAHT, 200HHE A B Rl s
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Table 3. 5-year survival rates after irradiation

No. of Irradiated

No. of 5-year S-year survival

Reporter dienu Patients survivors rates
Matsuura 1958—1964 35 2 5.7%
Mikuriya un-known 40 5 12.5%
Pearson 1956—1963 52 10 19.2%

Total 127 17 13.4%

WHESH AB CEbL, BRI EL
fok T AN BRMMATRY, P(AIB) T
bTig,

P(A~B)=P(A) - P(B|A), {HL P(B)>0, &
WHOHERDD.

COWEY AT, &HEORBORER TR
ERDAHZENTES.

fo & 20E, BWHRE (A 2T, i @)
L, 0% 5FEMER (6:) T5B6 ORI
MRIEKDO LS LTRDERS.
P(A 01 ~05)

=P(A) » P(gl.lAl) * P(63|01)

=px0.914x0.140

=0.128 - p

LT, AL T, £&AORBOREATER
wAELEb O (Fig. 2) Ths.

Terminal
Probability
85 5-Yeor Sunvivel — Side Effect 0.128 -
Tolerance o i
8 in
Operation ™, Recurrence
e B od —— Death 0.786 - p
4, Operation Metastasis
Therapy e
- ’th 0.0860 - p
85 5-Yeor Survival ——  Side Effect 0.134 - q
Irrodiation
% “Therapy
Recurrence
8 ond ———— Death 0.866 - q,
Metostasis

Fig. 2 Terminal Probability of States of Natures

VL # %
$84 (Utility Losses) ki3, BENFILICTEE
THZERIDOTHEARFIEDOZ & T, ThiEH
BHCERRALLbDOTHS.

—tk, BERETH L 2k, BErEo
<l Flis L icn L oA, EEEO BRY
i, CoRFIRE TELRT Pl LT E
L B,

HoT, bhbhitzob s, MOBEGRY
BEL WO HEBETELBTLICLLS.

(Fig. 1) opERRC 815, ThEhok
BAREBOREE Rt~ TR LS.

WE, AMECEBE L, BiFY S TieCT
By lE o /AR 1008 L, B BEET,
EOTHEL T RVEVWIEROBRRF 0 LR
rzieds.

For+5e, RERBCBELT, BREITS
SR XoT HaBEOEEL, TNTZDI
LOsDlDEEEDHEEZLRS.

FHRIE-DORAE (0. 1%, HEFEEZTIELT
LHEELTLE 5> DC, LRk L0, 11100,
¥7, BREBOIRE (0, 0) ©BHEL 100%
B-LTLES>DT, ZO#H%E L@, 0 100
LR LinT 5.

RIREx, FAERECL, BURRBRETL, 54
14.]::5'?.7—?‘- Lf:f%ﬁ‘d)liﬂ% (63’ 3:&) D iﬁﬁ&"x £5
REsmThHS.

Q) FEELZT0b, SEREFLIC
BE oL E S REisn.

LOBECELLRLEIER L LT, TR
Wt o oic X bEmHI~oFEofiic, £RR
BRI, MRS, ol & oMiikRE
#Is EDOHBRFVDDD.

ZhHDFEIERD 5 %, BEOHERKFIC2WT
v, W ME e BRI XD BER FIRTH D
M, WMEOFN 2R ks EmI~0BEL, T
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THHEITHY, BETEEELORS.

FEOT, FEE S KL, oRE
78 b e UCRE D LEN S S .

NE, RESISCEE > $EFRBOZ L2 E
2T Bicw, FEHEE0LICH L, RETRES
1AANG3ES h Alhl-oTlE, BRER
OEE D LRI 2T 2T\ 5.

Thic ks &, RBYIREOBILRINR 2
RETRRTHRED, LE3ED > b, Hicjsl
THY, EHRIEOETE, FHHIHONHEE
B (BHGE L EUGEOSR) 0% LT3
(P<0.01) L\ 5,

LT, BEAD REBH Y £10%0 &
Lic & &, REVIRMEHENDO $BEERT Ty
—17.7% 7, BEAD Fhic L 7. T%DET
ThHHD, MR REIEBL Py —26.1% L #c
D, FEYIRMNC XY Fie ¥58.3% (7.1%~
9.5%) DETR it L MEL TS, FLT
W& ORI Hiat L0 s R b bhs
(v=0.97, P<0.01),

COMER b L LAY RESTH .

PH, EAEOWRINERE, BRI
DEBHRIZEA EHZ DRI Eb b, R &
BRTo BHRRRKROZE, Thbb $EEKO %
%, BRERNEEOKFOFMCBURDO R, Fih
AREDLDIT I ZWREXELLTCVL EELD
nas.

WEZ 2T, REVIREIE CHRBEEETL
TBIERET, BEOEGIPMETT 5 b0 LEE
LX3.

€5T5L, FicRic k5184 Lx 13,

Lx=100x (0.071~-0.095)
fEoT, 7.10 < Lx =< 9.50
LRMr kit s.

(2) BRI 230 T S 4ERER LB s
DRFH E 5 B DH.

FEMIRBIBH O b1, e &b BEH
#16.000rad DL E2WABETH B2V, F i,
TRHERICIL, Boahgitide, BoataaEnhs, Ok
EROFRAMFE S EOBIEABRBL LT 27
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BEHED D 5. & 4 DRSHEREEIC DT, Foif
RKEWELTHLS.

1. BaHgifizke X 2384 La

HHE L1, RIBABHAISHIO 5 B D54.5%
CAEY R U7 & B, £k, LBy,
3. 3% REER L fe LIRE LT 5,

¥z, Rubin™ %, Jifi#126.000rad [BEEED 5
RN 31T B AE D FEBUARE12.25% ~50% T H %
EMELTCWS, FLT, FORELENL, 33
el L ERLIA ThH 5.

AIER & B IBEREORESRBOLD, R,
M B RE LB a0 gk X 5
IBSRERE S (%9 6 % DIt i K IEE +#935
2%~55% DINKEEE) %5 Tk T, IfilssEom
FEIhEEKT, BEOEGHIMETT 230
EHEEBELTH LS.

575 &, Bk X 5% La 13

La=100x (0.25~0.5) x0.06 x 1/5

4100 x (0.25~0.5) x (0.35~0.55) x 1/5
2T

2.1==La=6.1
ERBisz Laices.

2. BB EREdkC X 518 Lb

BAHRERHE CoWTiE, LB, fE™, &
5 —f SRR L7\ & STV B A8, Ru-
bin® i3, 1 %~ 5 %D JERET FehET 5 AT hEEM
HHELTWS.

AHECRIE & 725 D1, Reagan®™ o H¥Ho 5
b OFEVE——BHET RS ETRE T, h
X, BRI ~2FETREL, 2~34E kT
THELHIHDTHBS.

REoT, BAHRER A X 5384 Lb 2EAmR
RS &, '

Lb=100x (0.01~0.05) x 3/5
i

0.6 <. Lb=:3.0
Liks.

3. LEREEC X 5484 L

Rubin® 13, .Df#i4fkic 4.000rad fBE U=
CRBRT 5O EOHEE R 1 ~5%Ths L
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B3 5-Year Survival —>Side Effect

Tolerance :
6 in_
/' Operation Recurrence
d

HAREZHERE S 8378 H105
Terminal Utility ~ Terminal  Expected Value of The
Losses Probability Terminal Utility Losses

1.1~ 9.5 0.128 p 0.909p ~ 1.22p

Operation < ) and > Death 100 0.786 p 8.6 p
;. " Therapy Metastasis
Operative " 5 :
B2 %eath 100 0.0860 p 8.6 p
8s5-Year Survivdk ——————> Side Effect 3.5 ~10.3 0,13 q 0469 q ~ 138 q
Irradiation /
Ao Therapy
Recurrence
and » Death 100 0.866 q, 86.6 ¢
Metastasis

' Fig. 3 Expected Value of the Termial Utility Losses

FELTHEDY, BELPE, LENEO Q-Tc [
fROZEE» b, F EFHEERU S SRR oD W] R A
BT T\W5.

WEF DT, A%E ’E’f%ﬁL FdEF D 5 B DO—El
©, 5k, EREENEOTHRTTS borT
%L, DS X 5% Le iz,

Lc=100x (0.01~-0.05) x 0.1
>,

0.1<Lc<0.5
LRED L TCES.

4. BRAMIFC X 5HEE L

AERRRRNC S L3 BRE MRS 0 Rtk O
BEIHENIR TV B2, A&
AT,

CfEoT, FUBMRERANERE, RELFERS
B JEEE0. 007 R B &ic L X 5.

F5+5 L, FREMFC X HHEK Ld i
~ Ld=100x0.007

=07
LHEAZ ENTES.

DLEX D, Mgy > T EmEFLE
BEoBEOP LK L) 13,

L(6;)=La-+Lb+Lc+Ld
FEDT

-3.5=L(#;)=£10.3
LREBAZENTES.

VIL B#p9iE k0 HFE
“zhb, &40RE (@) ok LO) L (Fig.
2) IR LI %4 ORI © THAHESR PO) &
OB LY, %40 REO HEHIRLD HIRHE
II(6) HR1BZENTES.
ShEERLEb o (Fig. 3) Thh.
VIL  RERO ML
CFHREEER TR ERIOTHEHBTHAH A
£ O RERIIRE O WA (L) X, KRB 0D X
OURAB (0,) oBEEDHFHEOME LTRDLR
5. i, KRB 0D oR&OWIHE 1106 13,
Wi (0, oKD WRHE 10, &, K& 00
OREDHIHHE (0) LOMTHS.
T
= X118 i=2, 3, 4

-5, BUREEREY 9T A LIt o THES T
B 5 BED FEREO HRE ) 2, R
1B (0;) BUVIRAB (0,) o 840 JfE 1106,
ot T8y ofE LTRDLRS.

DT
I, = XTI(6)

DEXb, (Fig. 3) % fiijegibL <, FlEE
RO SR O BRSO IRHE % kD D
L, ko (Fige-d) #1852 LNTES.

IX. FikpiAKOYFEDORBR
e, BRI XA GRRaBRR o EE

i=5, 6
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Expected Value of The
Terminal Utility |_osses
=

<A1 Operation Therapy 881-p =1, = 884-p
Ag Irradiation Therapy Bll.q =1, =88.0.q
Fig. 4

(1) &, BUHGREEC X 5 BRAvR%E D BifE
(L) DRREZRDTHELS.

(Fig. 9 X, WEDOMBHEI KD X 5Th
5.7

88.1.p<I,<88.4.p  .eenn. 0
87.1.q=I,=88.0.q .eeerns &)
(pt+g=1, 0<p<l, 0<q<l)

R (DRG (20%, p, ¢ © LT O —%MHK
THBMNL, P q XHEELTZ 0 BEREEY R
5L, (Fig. ) oxsicins.

Expected Value of The
T+ Terminal Utility Losses

of Operation
A
&7 Expected Volue of The
Il 2 Terminal Utility Losses
of Irradiation

4

881
Fig. 5

fHR oL, A (L, L) ofFfET 5HEE T
Hh.

CRIDKRDZENERLS.

i) 0«<p<0.49, 0.51<q<] » & ¥ I,<II,
ii) p=0.49, q=0.51 ot & II,=II,

iii) 0.49<p<1, 0«g<0.51 ot x II,>1I,
X, PR EPHAEERAEE kO RE MW

BEOHFH

R, B i ARG R &t O ik
FREOHRGE D 2R X 5.

CofErx, (L) Rt dL) ofmcfiic iy
»h, (1), @b
87.14+p =T <88.04+0.400 « p ervveeen 3

(L, O<p<D)
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Eirh.
XI. # @

TR EhOREIREO MAFES B (IO, II,
OBIER) M b, KO LS HBRTAE LN Ty
5.

. FHRRELZT 5HERN0.49C, Hrstim
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BT D Z LW X TR S BEOREI RSO 1
FFHEE, BEHREELZT A b X oCHls A
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BT b BAHERRE T EMN I,

2), FUHREE %2 HHERN0.49<p< |-Gl
PR 5 RN 0<q<0.5l ¢ BB L a1
&, PR X 5 RARIRA O RIRHET, g
FRIRHIT X 5 B B0 MIRBRE X D LKk X\,

DEY, TOL5RHERSMHORCIT, R
BED L, BAHREEO R REN DI,

3) FWERE LR HRERN0<p<0.49-Cliug
R ZT 5 MRMN0.51<q<lT HB LK
W, FHTERR X 5 RARRERKOIRER, st
BRI X BRI BROIIRE L b L/ Je,

DED, ZOX5 RS MOBE, B
BREE L 0 b FARE 0T AR ENR D e,

D222 7T, ) EC K LR aEEet
THRBREORHOBEIILE 5h e vs &,
SHRERE X L FMRER S —BIR E: LT B
R3S <, Lo RE 2 B S 4T
BRI,

Tishb, FiEY 55RO HH, Wt
WL 55 MR XD § 5<0.5<p<], 0«<q
<O5E W5 HERDMMOBAR BB EE L BB,
Shix2). WYL, EMREE STz ick
DT D BAE ORI EOEHEY, B
EorhIbdhkThs.

ﬁof,hmxﬁtm$ﬁm@ﬁﬁFﬁu,b
Wb hOIEGIY, SRS RA 1270 R LN
MY Ehs.

XIL & =%
FOBREIRBRE Y SESM I RS, Rl
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B AE R, FATRRE L RAHRERE & 0B
ThH5.

1RE <« FEOERHRS L B LSS, 551
DIRF AL CRVBEE LT, b s bok
WEHUEEIC T, X5 &bl RilhFEE
LT,

#oC, EREEET CkRERs o E»F L
W B9, BB kAR A R iR s 0 T ghe o
Wik, WAWARNERHY, WERRER
A IR Wi ORBRTHEA S .

bhibhiy, ol L, Bkl s
$84: (Utility Losses) o &% % HEAL, WE
30— C b TR R A TR E R
'Y

COHEOFIER, FRETRP 5 FEFRSE
¥, FREC s EcY ET B (F) 0oF
BLRRTENTELRCDHS.

FORER, SCHEHE X b 2o, BT, F
FEEE A2 5 X 0 bIREHRERE R 5 Ui,
B oW A £ T R&E o iR S R,

¥, Bl ki Al iR R X 5240
B AA=IL+1) #Ez8a, R (3) Xh,
COfiR R T B, AR TRRES A B
Fhebb po0, ¢=1) T35 X5 ThERW
CEAHERTED.

BT, 0 & & WK OIRHE,

87.1 < II < 88.0
Thb.

ko sic b, bhbhik, f&Ex o3k
OF X hTEBETRCE ST LS
TR A,

FEH, BEERENRS bTHE, Co&RENBS
PERThHBERNE TR T3,

PeDT, b AR, HHBEOEBRME R X
BATWAEZ LIX/ETE IR,

Li L, Folclfl & itEo T, FEReoFRM
LR IS X5 AR RAVAC EMNT
xnlkeh, [H#E] OHETHERI=HHD > HD
Wohds 1 ob, A ERER Do THEER S h
CERMETHS.

AR SO P &M B3TE W05

T hic, BEEOW U, SR
X % &fkryrs Bko WPeHE dD 3, p, ¢ BT
g (0) o chs.

fE>T

I=F(p, q, ;) i=1, 2, 3,.r, 6

(B L p+a=1, O0<p<l, O0<g<l)
LELZEMNTES.

choD EHD 5%, HEHiY EET L
L roTBE kT Aok, p. 90 P3Gy, PO,
P(05), P(b;), @6>T, Hho PO, PO,
BAEEZEZBRE.

Fiz, ptg=1

P(8)+P(6)=1

B (‘95)+]-)(6ls)=1
THBME, fEF, py PO, P(8;) ©32D(E
MPE B, TOREBEHEOEFERAOM
E dD i, ABCED BHShT, 20
BEASHORLELAREENS.

fok 2 E, R4l (B Rl X g Rok
BREORE S E) ik TR0 #IR %70
feeT s, 2% 0, REFEOHEIED D DEO
5%, BERIREYS.0cm FKifo WL FHHR
ERHEF L, 5.0cm Ll E8.0cm LU0 FEGI ik
SHEREATTT 5 &0 X 5 IR Bt & LT
ekt s.

z DEEH T I o T BT AER, P 6 £
L T, FMEERO B MR B 0 5FE £ F R
PO, 0,) DL EEZBRS.

PO 5 EEFR P(O,) 12T, &
HoY 023 % D@EN Y, TOLED p DfE
130.48Tch 5.

DT, R X B SEEFR P(y)
pibiuE, = ORI O 4 0B KO HIRHE
(D) AEBHAAT 2T THS.

LnL, colago PO o HEn Ao
W, WEDEZHAGFMN (1) OfExRkdsC
LixTERL.

CDEHELT, WAHWAIREE oL &N
el d o EHER L, 20 5 biR%koRk b
T\ RETE A BIRT 5 & L ERIICATRETH
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5.
Mz T, LLEDF— 2% % 5 mEEIL R &
WE, ZORBETIE, E5 i EEHHYEBD
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