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It is very important to get good space dose distribution in order to obtain good result by radiation
therapy. Tumor Volume Dose Ratio (R=volume dose of tumor/volume dose of total body) is consi-
dered to be one of indexes indicating the efficiency of radiation therapy. In Part I and II, R for external
and internal irradiation including I-131 therapy for the thyroid disease was discussed. In this article,
R for I-181 therapy is again obtained, but by the different calculation method which is based on the
concept of two compartment system illustrated on Fig. 1. Eq. 1 are the differential equations express-
ing the rate of change of activity in these compartments. Eq. 2 are the solutions of Eq. 1. It is diffi-
cult to decide the constants such as a, ae, ki and ky in Eq. 2, therefore, Eq. 2 are simplified by assuming
ki>ks. The results are Eq. 3. The experimental values shown on Fig. 2 and 3 are used in order to
decide the constants in Eq. 3.

The results are Eq. 4 and Fig. 4 for hyperthyroidism and Eq. 5 and Fig. 5 for thyroid cancer. (assum-
ing that the change of activity in the compartments in the case of thyroid cancer is the same to that of
the normal thyroid). It is necessary to claculate 12 values of volume dose as shown on Fig. 6 in order
to get R, but the contributions expressed as dotted line on Fig. 6 are excluded from the calculation. The
problem of the miction is solved by the method illustrated on Fig. 7, 8 and 9.

The results are shown on Fig. 10 and Table I and II. R for hyperthyroidism is 832, when E.H.L.
is 6.0 days and 24 hr uptake is 79%,, and 819, when E.H.L. is 3.0 days and 24 hr uptake is 79%,.

These tables show the following:

1. Contribution to volume dose of the lesion

1) B-ray in the thyroid is most effective

2) o-ray in the thyroid is about 10%, of contribution of B-ray in the thyroid

3) the effect of ¢-ray in the bladder is negligible

2. Contribution to volume dose of the body except thyroid

1) ¢-ray in the thyroid is most hazardous

2) others are not so important but should be considered for the treatment of the thyroid cancer

3. R is not so dependent on E.H.L.

Considering for tolerable volume dose of total body (may be 10 mega-gr-R) and R, it is thought that
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the good result by so called metabolized radioisotope therapy is obtainable only when the affinity of

radioisotope to the tumor tissue is at least 50 times higher than the normal tissue. The affinity in the

case of hyperthyroidism is several thousands times higher than normal tissue.

EMIEEORABERE TR I CELI 98—
WERTRZA LRI LIE, Wz L TRERS
~OBHREZEAREE 2, T LT
BE~ORBEZWPELDBINEVI 2L, T
O HEMPBESHEOME TS 5. Eh-ZiEn
BT 28 2 HHE IOV TR Zh 3 TR O
TRy, pOEALEAKEADRL DT TR
WER, TOELZEMRRT LD T3
LR ETE CRTOES L VT3 2w 3 ERAR
BRSO, ZATRIAZMBERZ DLV A
U,

BINLRRARER (R) (RRARRE,/
ORI X 100%) 72 3404 2 2R kS
TOBL LT T 2 —~ 2D REEL T 3 2 & #4298
L, FxOEEEICOWTHIZRE L 2 0RR 124
GEVNCFEFE L. FOHTEEEL radicisotope
DHEAEGIT & 2 BRSO REM & LT, B
12 & BHUREE OREE, %2P 1T k 21EM: B RO
TBREE Y B XU 98Au oo [ F OJEEAEE AR
HITOW TORRATGTER sk 7288, 4E
ZREDS b E T B iz k3 FREE O 15
FE BTl CHETL, ZofR Y Bk 3H
RIBHREREE DIRIROGA L HBL, & 5iow
H % metabolized radioisotope therapy @3
TEDHHEME DB NI NELDITY I NFEAT
BLERRB DT IS h b RET S,

I RRBRERACEHED PI fORSHE{LE
N

FURERE @ Bz X 2 15ROBE DR R AT
BOEITOWTE, HB X UBER [HEFEE
RO ZZAHE ST (B828)2]) kwhwTT T
CHRLIR, £ O FEEAR E BRERS 0K
ar, IEBE, B LUFofthogeEmsso 3oib
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BB Z D3 0oDEZE 2 BRE F IECEE L
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BWGELENCIIEL {, Z20\BIER FHXh

BoWEICHB LEDbNSEA, Lk LARS MK
ERRIRADBIDR DER Y, & B\ LMK & R
FRERE & OBIGR, 2 E R IEECANT, L0
ROELF A Z T2 FR—EE L T35 L%
Abhb.

Z ZCF#EE I bW 3 two compartment system
PAE L, —-M compartment ) h)fhed comp-
artment ~BLAFREAIALC HETHT ¢ @k F @ comp-
artment PIZFEFET 2 BICHBIT 2 2w S KED
b LI LR OFEHRATGR R 2Rk TH .

BIRITR L0 vwbid 3 two compartment
system ZRURIROHEATHA L2230 TH 5.

akr InE
Q00 —— a; (0
Blood — Thyroid
Kz
1 ae Ky

Qe (1)
Urine

Fig. 1. Hlustration of Two Cormpartment
System for Thyroid

% —

N

qo =rmCi of B! activity administered into
compartment “ Blood”at time t = (

q1(t) = radioactivity in mCi in compartment
“Blood ™ at time t =t

qz(t) == radioactivity in mCiin compartment
Thyroid ”* at time t ==t

qe(t) = radioactivity in mCi in compartment
“Urine ” at time t =t

ky == turnover rate for compartment * Blood *'
(a+a,= )]

ky=turnover rate for compartment * Thyroid *

Th5.
L7z B2 TRD 3 DDHBFK Y ILD.
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a1 _1pgs — (katdp)a

dt
E?Tz =akjqr— (ke +4p )qz
dge _
C ﬁ =ack1q1—ApQe Eq. 1

(Ap == decay constant)
THEREZANTINERB LD & 3127
3. (BECOWTERLR) ZRR/E )
= qpe— ky—2b ooty Ki—4p e—{(ib+t
q1= qoe %[ = o+ nt)

qz = a_k.lq_ne:—lpt[e —ibt — g—(ib+) t]
D%

. kg — A
A A
e—ibs_ Ao(kK1=2b) o Gbipt J
kory
oy =C (k1 —kg)2+ 4akiks)"/z
(4’-1: =1/a(k1+ke—ey) )

Thabb, qudede &b 2~ 3 7 OFEHEIHD
HPECIEEELTHEbENDZETRS.

ZNEORDPOFRES, Thb D kiksa(ac)
P JIE L7 qugadge DfEZ D LITLTHR
HIEEREERT 20T TH BB, TOFH
% pod THEERO TSk PRV 282 ofiE
WROBYTH5.

IR, k> k ThbBEREI N BT R
R ¥ 2B X CRANCHRILS h 5 6F
DOFR, BRER—7A o7z B pilidicd &
FHEE DIZEBENTREGENS 2 LS LD
ERORLTU-BL25TH5. ZOFEHEAN
T LR EPEMIET 2 D X 05,

qu= qne—zpt‘:il:iie—ackzt +e—k;t]

qz = qoae —vipt[e—aekzt —e—lka tj

Eq. 2

Qe= qoe—.tpt[l — ge—aekst aee—kllij Eq‘ 3

ETC, BADERMCHE W R RER X b i
~DBTIERTE 21T ENEVDT, TORERD
R E Brho B Folx, 1§ a & a D
FOHDITEE LW EELILND. LiBoTHE
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OBHRZFIFALT 2, ac DEHEEDHZLNRTE
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aB LU ae BbhhiE ki ke FkDBZ 21k
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A LHMRY S8 W28 W9 E

TRADERMPELD L, AU I BAEIF»
5

qz = qeae=t( ] —e~lit)
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ke kDB, Y @ ORTEWTHY
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Fig. 2. 95 of Dose in the Case of
Hyperthyroidism
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Fig. 3. % of Dose in the Case of Normal Th-
yroid (The calculation for thyroid canc-
er was done by this graph.)
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Fig. 4. Graph of the Equation for
Hyperthyroidism
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Fig. 5. Graph of the Equation for Thyroid
Cancer

HEOHRETIORT. ThEET7778h5
HBLEYDORFELR], B5RTH5.
Equation for Hyperthyroidism
q1 =qoe—0-00361t((), 0046e—0. 00121t 4 e —t]
qz=0.79qge—0-00361t(e—0.00121t e —t)
Qe=qoe—0-00361t( 1 —(0,79e~0-00121t _(), 21e—t]

_f;" qudt=2qo f +q2dt=163q
Eq. 4
I:Qe'jt =113qo I:qodt =277qp
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Equation for Thyroid Cancer
q1=qoe~0-00361¢((), 0()17e 000121t ¢ —0.25t")
qz=0.27qqe—0-00361t(e—0.00121¢ —e—0.25t7
Qe=qoe~0-00861t[ { —(,27e—0.00121t

—0.73e—0.25)
j;q qedt=55q
Eq. 5
0

f;o qudt=4qp
j';"qedt=:318qo J':qodf::m'q
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a0 277 @0 %3 ([ ade mEIRIETS B 2
LITMARTHD. )

L BREEEDBERS L CBEOEA ORES
HsE=

thEkosicix, 72 0, FREAD BI-
BRFURERE N EHKC 5 2 B AR, BBk
D Wil ERFRENC 5 2 B AHIRE, L\ 5 X
IR F REB = iR L
NER B A, 56 M FORELRT.

,.f’ Thyroi d "‘\\
o N
"/ { )
¥/ \\WJ/ N\
i,’ ¥ B+ ¥
i 't B+ ﬁ_‘i‘ i
L 77N R
vy \ ( ™\
Bladder /I g Ehole Body
N SA
MV S
~
)

Fig. 6. Relationships between Compartments
about Volume Dose
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Y ROMFL IR VBRI EEEIBL, Zh
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Fig. 7. Modified Two Compartment System
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Fig. 8. Total Amount of I in Urine without
considering for Miction and Decay
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3.

— total amount of T in urine

A
Fig. 9. Total Amount of I in Urine (Bladder)
(Dotted Area) without considering for Decay
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Table I Contribution ofeach Compartment to Volume Dose (gm-R/mCi) (E.H.L. 6.0 days)

%;Ié?a?iin Hoperthyrordism 2 Thyroid Cancer ¢
thyroid — thyroid B 65000 75.3 22000 69.2
whole body — whole body B 800 0.9 1600 5.0
whole body — whole body ¥ 560 0.6 1120 3.5
thyroid — whole body i 13300 15.4 4490 14.1 .
thyroid — thyroid T 6600 7.6 2230 7.2
bladder — whole body T 180 0.2 370 1.0
bladder — thyroid T ~ 0 ~ 0
whole body — thyroid T ~ 0 ~ 0
Total 86440 | 31810 il

Table ] Contribution of each Compartment to Volume Dose (gm-R/mCi) (E.H.L. 3.0 days)

gi\g?agf)n Hyperthyroidism 23 Thyroid Cancer ¢3
thyroid — thyroid B 26800 3.7 8810 59.8
whole body — whole body B 560 1.5 1600 10.9
whole body — whole body T 400 1.1 1130 7.7
thyroid — whole body 7 5460 15.0 1800 12.2
thyroid — thyroid 97 2710 7.4 900 6.1
bladder — wholebody T 490 1-8 490 3.3
bladder — thyroid T ~ 0 ~ 0
whole body — thyroid T ~ 0 ~ 0
Total 36420 14730
2.3% 1/60%= 0.00034R/hr 24 .
LR YIETE S, % EnL-e0dys_~
D BN (8 i), FRE-BDE (v _ //
8, £H-Bbt (TH) ORI L300y
INEDEERD B Z LT bR NDIRRE ok ,/jyf
DEE T TITR<72. i 4/
Bk 3 AAEC ko TR 1 IHE HIOBR Y
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it rad=R L LTZDE s L 7.
H&E: o » Tl—Rwefiv-& hp 24060 uptake o
oy, BehkRic kL
T t=24r 5T h %L, BERET12TI%, W
Tix27% & ic B, ¥ 7z uptake g fr B
e LDRDBTHREE, Fh Fh TR,
210508 & 7 5.
FURERERERHEIE O 4 O AT R R E
1%, Be2RTRLEGERL VESTRKDL A,
ENTN83%, 81% & 5573, FRBFENHA
EFOMMEZET S, w30k Zh T TOER
TRFRBOEHE DS LB OESE 2 —FF LY
R E LTRdk> T 70T, REATNE
REHET 2720102 22512 00h ) CEHE
LAz bhehbTha,

2R (HARER£EE, 23, 893— 906, 63)

5 0 /5g
—— weight of thyroid cancer
Fig. 10. ** ™ for Thyroid Cancer (calculation

was done by the method given in this
artide)
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—27%— & LCHEL 72 )
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Fig. 11. ©* R for Thyroid Cancer (calculation
method is given in reference 2)
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Fig. 12. The Linear Scanning of the Patient of
the Thyroid cancer with Lung Metastases
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24hr

/:::---5.,"'”5'5!::\

—

e " 4

Fig. 13. The Libear Scanning of the same
Patient
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Fig. 14. Decay Curve given from Fig. 12 and 13
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ERED D LY FAOR, FRBICERS A
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AREFHARE SHRE $258 Wo5
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HEARE EBEL 26, b5 iakmES 2R
W T DERIMEE 2 & OBEDORIVER OBEN bE X
T, R>DADITEDRETED B, 10mega-
gm-R fLEX 72\, ZOFBAE, —BENCIE
FIBLTO radioisotope M EELL AL D EAALKE D
N D BHSOMEAILLER e & v ERIEE L R
AR VA BNl el -

Te D ENBER OB T, Wi T B I
ROLRE {TRROBAERR b AZY. BE
TREMRL B IO T RIS RERIESE D 35
B, BEEAMTHCOETZ 2 22213
L, EMEREENCHT B metabolized radioisotope
therapy OREEEABEN vbRER S T .

x oy
D gIE - REGE ¢+ BB o 22 8 MR 4 5
1 (10, BARERSE, 20, 1205—1213,
1960,
2) BIE - S\HFwhi: AE (F2H), AxERs
#, 23, 893—-906, 1963,
3)E§%mm=mﬁﬁﬁﬁ.ﬁﬁaﬁ.ﬁﬁ,

4) Hine & Brownell: Radiation Dosimetry, Ac-
ademic Press Inc., New York, 1956,

— 84 —



