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Dose Distribution of Radiation Therapy : Fart 1l
(On the Tumor Volume Dose Ratio)

By

Tadashi Miyakawa, M.D. and Yuh Thno, M.D.
Department of Radiology, Faculty of Medicine, University of Tokyo, Tokyo.
(Director: Prof. T. Miyakawa)

Tumor volume dose ratio (R) is defined as follows:

R Volume dose of tumor
~ Volme dose of total body

In Part I (Nippon Acta Radiologica, Tomus XX, Fasc. VI) a report was made on the
tumor volume dose ratio (R) for tele-therapy. In this paper, the tumor volume dose ratio
for surface irradiation, contact irradiation and interstitial implantation will be discussed.
I. Volume dose of total body for surface irradiation and contact irradiation with the use

of radium.
F. Bush with the assumption that the human body is a cylinder computed the volume

dose of total body with radium placed on the midpoint of the axis of this cylinder as the
percentage of volume dose (3310 gm-r/mgh) of an infinite absorber. (Table 1) As the
absorption coefficient does not hardly change for gamma ray within the energy range of
radium, the values given on Table I can be employed for other racioisotopes.

It is apparent from Figure 1 that the values can be readily obtained even if the rad-
iation source is not placed in the center. In case of an empty cylinder the value can be
obtained by subtractracting the volume dose equivalent to the empty space.

However, in case of a situation indicated in Fig. 2, the value cannot be obtained from
Table I.

By assuming that the cross-section of the human body is fan-shaped, we were able
‘to derive the volume dose from Table I and obtain a satisfactory approximate value.
This principle can be observed from Figures 3, 4, 5, 6, and 7 and from the computation
examples, The results are shown in Table II and Figure 8.
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II. R of surface irradiation with the use of radium

The volume dose of tumor in this case was obtained by employing the results obtained
by Paterson and Quimby. The lesion was assumed to be a disc of 1 ¢m thickness. Results
are shown in Figures 9, 10, 11 and 12. Results given are for lesions on the body surface,
but conversion can be readily made for lesions deep in the body.

III. R of contact irradiation with the use of radium

Contact irradiation is used for very thin superficial lesions. It is difficult to apply the
concept of volume dose in this case and thus computation is difficult.
IV. R of interstitial implantation

A. Radium needle _

The volume dose of total body where the lesion is located close to the body surface is
obtained by using the value where ‘distance is 0 cm in Table II. The computation was
made on the assumption that the tumor was ball-shaped. The results are shown in
Figure 13.

As it is extremely difficult to compute the R in the case of a tumor located at any
depth, computation was only limited to the R when a radium needle is placed om the
axis of the cylinder, the human body being assumed to be a cylinder. The results are
presented in Figure 14.

B. Interstitial implantation with the use of radioisotopes

1) Thyroid cancer therapy with the use of 18]

A normal thyroid weight 20 g and there is an uptake of 20 % of the orally abmini-
stered B11. The 131 tissue concentration of thyroid cancer is assumed to be 50 % of that
of mnormal thyroid. Thus, for each gram of thyroid cancer there would be an uptake of
0.5 % of the administered amount. The effective half life of 13 is 4.5 hours and it is also
assumed that 18] once absorbed by the normal thyroid or thyroid cancer does not migrate
to other parts of the body.

The computation procedure can be seen by the mathematical equations given in the
text. m is weight (g), C is 131 tissue concentration (xc/g) and T is half life (hr) 0.19 is
the average energy of . The figures 1,2, and 3 are those for thyroid cancer, normal
thyroid, and whole body, respectively. The value thus obtained is the broken line shown
on Figure 15. In the above-mentioned computations, the effect of v ray is not included
and therefore this will be considered in the following section.

a) Volume dose of total body of 13-y (1 mC administered) homogeneously distributed
in the body.

By the formula Dy=1.44 xtxI'x10—3xgxC, the volume dose of total body (body
weight of 60 kg) would be 1410 gm-r when the thyroid cancer is 5 g.

t: Effective half-life (4.5 hours)
I': Dose in roentgen received in one hour at a point 1 cm away from the radiation
source of 1 mC (2.3)

g: Average geometrical factor (122)

gt
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C: Tissue concentration (nClg)

b) Volume dose of total body of Bll-y absorbed by normal thyroid and thyroid cancer

The thyrcid in comparison with the size of the body can be considered to be a point
and therefore Table II was utilized. As shown by the equations in the text,the dose
would be 2570 gm-r when the thyroid cancer is assumed to weigh 5 g.

¢) Volume dose of %Iy absorbed by the normal thyroid and thyroid cancer

When the formula given in a) is used and thyroid cancer is assumed to weight 5 g,
the volume dose would be 2520 gm-r. 17.6 was used as the value for § as in the case
of normal thyroid.

d) Volume dose of normal thyroid and thyroid cancer by homogeneous distribution of
By throughout the body

The dose at a point in the body with radiation homogeneoesly distributed throughout
the body is extremely small and completely negligible when computed according to the
principle that the dose is equivalent to volume dose of total body whern a source equal to
tissue concentration exists at such point.

€) Bremsstrahlung effect was so small (less than 1%) that it was excluded from the
computation. The solid line in Figure 15 shows the result.

2) Treatment of chronic leukemia with 32P

As the weight of the hematopoietic organs is 1/10 of the body weight and the concen-
tration of %P is approximately 10 times that of other tissue, R becornes 50%.

3) The R of 9Y colloid

%Y colloid injected into the pleural cavity is hardly excreted from the bocly. When 9Y
colloid is injected into tumors, it decays faster (minimum time-44 hours) than its half-
life. Therefore, as shown in Figure 16, R is the ratio of the integrated wvalue of total
administered dose and the residual dose in the tumor and thus at the most R is 72%.

4) The R of 98Au colloid

Depending upon the site of injection, 198Au colloid does not migrate to the surrounding
tissue, but the volume dose of total body of gamma ray must be taken into consideration.
The R computed as in 1) is as shown in Table IV.

5) Penetration of beta ray to periphery of the lesion

In the foregoing computations, penetration of beta ray to the periphery of the lesion
which is a factor reducing the R walue has been ignored. Figure 17 illustrates the rela-
tionship between the range of injection and dose distribution in the tumor when Rl-colloid
is homogeneously injected. The value at the sigmoid is expressed as a combination of
two secondary functions. (Figure 18)

If the dose at a point between PQ in the ball shell is expressed by distance r from

the center, it becomes —-% (r-a)?+D. If R for A, B and C are computed and expres-

sed as Ra, Re and Rc, respectively, Ra becomes 1009, while Rp and Rc are as shown
in Figure 19. However, in these values, the migration of colloid out of the lesion and
gamma ray have been ignored.

e ogi et
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V. Conclusion

In Part I and Part II the R of various radiation therapeutic methods were reviewed.
It is obvious that for fixed irradiation of lesions located deep in the body high energy is
beneficial, but for shallow lesions this tendency is not marked.

Though moving field irradiation has many outstanding points, it has from the stand-
point of R a tendency of being similar or rather inferior to fixed irradiation, but it must
not be forgotten that the dose distribution in the lesion is far more superior.

Surface irradiation with the use of gamma emitters is very disadvantageous from the
standpoint of R. This method requires improvement. That is, it is necessary to enclose
the space from the source to the skin surface with gamma shielding material.

In interstitial implantation it is desirable to use emitters of only beta rays from the
standpoint of R. Further study and development are necessary for the existing treatment
procedure of injecting RI colloid into the tissue.

Methods utilizing the specific tissue affinity of RI have at present been confirmed to
181] for some thyroid cancers, and %2P for chronic leukemia and polycythemia, but this
can be acknowledged from the standpoint of R.

In studying the space dose distribution by various radiological procedures, the following
three factors should at least be considered, that is percentage depth dose (P), tumor
volume dose ratio (R) and tumor dose distribution homogeneity ratio (cv).

It may be possible to evaluate the various irradiation procedures by functions f (P,
R,t) which reflect the biological significance which each of these factors possesses.

In the next paper we plan to report on the tumor dosez distribution homogeneity ratio
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Takble I Volume Dose in Solid Cylinders of Various Dimensions Expressed as a
Percentage of the Maximum Volume Dose in an Infinite Absorber

Length of cy- Radius of cylinder, cm
linder
em 3 5 10 15 20 ‘ e 35
2 N7 4.7 6.5 753 7.8 (= 83 8.5
4.9 6.9 10.3 12.2 13.3 14.1 14. 7 15.2
10 5.4 8.2 13.2 16.4 18.7 20.2 CALLE] Do
20 (715 8.8 14.9 19.4 22:5 A 28.2 28.6
30 5.6 8.9 15.4 20. 4 24.3 T2 29.6 31.6
40 5.6 8.9 15756 20.9 25.0 28.3 30.8 33.0
60 5.6 9.0 15.8 Zall: 25.5 28.7 32.0 34.3
80 5.6 9.0 15.8 21.3 25. 7 29.0 32.2 34.8
100 5.6 9.0 15.8 2353 25.7 29.0 32.4 35.0
=it s _ Fig. 2. Principle of Calculation of Volume Dose:
S T e " ednr?edr=3770gm-r in the Case of Contact Irradiation
]
7272 L p= 0.028cm—! 1§35, A B
! SR SR R R PTG e T
Loevinger 4513 & 5 1RERI 2 KR L RANIT X 1 f \
s )i B ,Ir ‘-'. R :I I‘l I |
3310gm-r 0‘)'{[& é_‘ 1%"{ w5, Table I i F':_I’f%fc?)lil-‘l e ———d»a—i—:‘\ AR R S F\: a__‘_Jl____ ¥
R bl Sl =17 L e i
N7 YT L SRR B BBA ORI ¥, oYy \ /
T S ITE N

fRK7 v v b — L DEMRRE (72 H3310gm-
) “‘D% ELTHS T) L7ebDThs. BbRk Fig. 3. Principle of Calculation of Volume Dose
BV T LDIVF—HEO yRTIXT LA EE in the Case of Surface Therapy
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MEZENF I . '

LA Loy 2nAEgomcis L tEmsh

Fig. 1. Principle of Calculation of Volume Dose i (BB 55 vidETEEI N -FICE
at various Positions of Ra on the axis a7 (R OAREE 2427 LIk T
b Eav. ThEOHADOR GRAANRER) %

SRt EB7dITIE, ZOHAES LT 2HAMRE

g % ¥R 3 2L RLELRO TEAYE LR, A

/ \ A 2 B L RE L T Bush oF & T 2

RN e DR—FHETH D, I LB L EEE 5T
Q i) ! ] {\ ! i HTHDEORERMICELE. Fig. 2, 310k0
e S S B T 2 ZTOFEIIHLNTHS D). TADLLADHEED
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Db AMROWEZ 440cm?, A 3 60kg
EARE U TEHBE L7z, 440cm? 13 E4%28cn, S
20emDIEH DT & —B3 3. (kB2 60kgL T %
LEEOR S 1% 136m & %2 DR Rl L %
B0, REXDHE Y LHEAMFEVEHR LA w2
tix Table I X WigbnH5. Table I ik
'100cm F -C‘L:’j\%‘-,{ Bh’(l{\.ﬁb\a}'ﬁ‘ %nuj:
PIERT 7 712k 348 & 2> TR 7.
. BER

D EEREOBE. 77 2 A g A
TR O RIFHIC 1 BT » N7k 0 LB AR
(Fig. 4, Fig. 5).

Fig. 4. Positions of Radium
P,: end of body, P;: mid-point of P, and P,,
P,;: mid-point of body.

Fig. 5. Cross-section of Body for Contact Irra-
diation

AREEMSIRE oMt %218 w78

3310 % 0. IBOX—é%%—-: 151gm-r/mgh

33107 ¥y v a1mgh 12k % E8RA7 + > }
— 2 DR

0. 130v% 2EER20cm, E5&  136cmed P50 2R

EDTERKT » v b —20258 7 B sk,

o VI X 1 BTG ~ ORI,

2) FMBEBHOBE. 727 2 EiRIE 1 mgs A
PRORGHBIZ 1emk & YEEh € 1 BRI AL 7B

DLFENGRE (Fig. 4, Fig. 6).

Fig. 6. Cross-section of Body for Surface Ther-
apy
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i R
/ 1 B
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| A ‘:7:4: O |
| S /
. ST 2 RN /

e f

Va0 j

7 *

\ 440 cm?
\ 4

e I

Bilen, Ex 136cnoBEE AR D&
=3310 X 0.133><_§%-= 140gm-r/mgh
FElem, B 136cnoBEas oSS &

=3310%0. 01 % ‘?1,;'_32_ ==10gm-r/mgh

Wzt 5 ZFE L= 140—10= 130gm-r/mgh
DXL T Fig. 41ZRBLEBEICOWT
% L Table II J%tr Fig. 7 #487-.

II. SY9ACK2HBRIDEEDOHRERIE
HRE R

MR 0B ORBRE IOV Tk, T T2
Paterson F1f Quimby 12 X > T 2550 Bige &
NEREREEATHZDT, bhabhizzDfE
TEDNE s ACTRRATRERzHE L. &
B2BRECT27:0RHEIES 1em® [ T H
D, MEADKREIHETHZ LRELE. Fiz
LEATHRGE ORHBEEED 2L (bR F

il

— 32 —
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Table II Volume Dose at Various Positions of Ra expressed as gm-r per mgh
Distance between Pl
Ra and Surface
Py (% 1 2 3 4 5
T cm
Position of Ra
P,: end of body 151 133 113 99.8 87.8 oA
S POt CE T 302 260 226 199 176 156
L 3
P,: mid-point of body 296 255 222 195 171 153
Fig. 7. Volume Dose at Various Positions of Ra ‘Fig. 9. “R” for Surface Therapy
expressed as gm-r/mgh source surface distance==2 cm
sofitoeios o tnen e R ONiE U el
% 5 ! i :
| ! 7" P1(Quimby) |
: PR o b |
| e h 'I
A s s BT s ;?“"""""“;'é}é;" S
i Lot ! erson)__—+—
b 0 2o Sl
i) A 1 — 1 P |
s L
1| SR AT AR et L)
7% ":/:"".i IPsfPat:rwgz_-:
1 v e | P2 (Paterson) |
— source surface disfance in cm R /y—:"':'/- | i i
: iy - | 10 20 30 10
Fig. 8. ““R” for Surface Therapy T
source surface distance=1cm
! Fig. 10. ““R "’ for Surface Therapy
__________ ’__?lfa.”."ﬂ”_'}_:__. source surface distance=3 cm
i : fﬂ A Piluimby |
S M R R R i // ' X
@.(Patersan}__..--’ i | // i Pu(Patersan)_—
PJ(G.umb)') | i /’):’ /
ad= I : .: /’I | L '
‘zen;n?imﬂmw? Sl ol e e
| i : === PaQuinky) |
i Ps(Riterson) . i = e F-‘J:'Pal;mm}
.-__4___1?2}?‘}3‘_*50’_”' % /i/,.,,ﬁ--"sfﬁﬁrﬁ;;f;m i.
; ! ; 1 //’/’L,*‘ = ' i
: ‘. : i e e . :»
j ! . ez : ; .
10 20 30 40 ¥ 3]

—= volume of tumer in cm®

Y AR B L L RELT (Tab LK
FE) T o7, KEEI: Fig. 8, 9, 10, 1112
i L

Paterson @ 755 % fv7- 354 & Quimby @
Bele T3 RE8H5 08, Zhid—#

—= volume of fumor in em?

V2RSS & N B TERR Paterson o 53k CIIEIEE
MEFEUTH 52, Quimby O ClkiiFE
MDI5~55%TH %D THB (T2 bbE Uik
B 243 %7: 012 Quimby D J5%: X b Paterson
DEROFEREDVEL D mgh 203853, L

— 33 —
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Fig. 11. ““R*’ Surface Therapy (Patersons Me-
thod)
source surface distance=4 cm

Gl

: | fwiff
E

r

— volume of Tumor in cm?

7= 235C Rix Paterson D5k @ HFR/ANXL 7
%. L LEGRD Z & &, bhbhREADE
BH%ETHD LREL URRBE 2 kD T3
DT, FEEIINEOEZIZWEE L LN ).

Fig. 8, 9, 10, 1LIREREMEDEHE
THBN, WEIMERHH>THEET 201EL
FAEMKREZ T 2O THERAESTHS. 2L X
W ERBAOTL X 10cm?, P1 \2HFZE L, EEEE 3o ¢ R
FL7-E0 R Fig. 1012k b 8.3%CH5. b
LZDRERIcmBEEICH ) 2 HEmL D 2
CODEEHE TS Li- &7 5 &, WEHREIAET
B B BB ARHRE AR X 0 2 mOfEIcZ L
F%., L7z33>7T Table Il Xy 2cm 3cmd b
2RO THTLIEL ., Th2bb

8.3% 113 =T.3% L% %.

HI. SYIALICLZRERIHOBENVRER
FigE R

EEEORIIZIIIT E A EAV S A,
TEEDO T EFHEISE LTH-LR B Z LR
»%. ZOPADLEZEMNGRE X Table II » 0
cm@%**uﬁé'rf B, AR E (R R
DTH DRI 2fHE 2 Y, ZHRE
OESTEA LS, I-HELRETH S,

P :BI VA T4V =TIk B84

EMLIEE 2588 LT hE, TCEBOREE
Bobin3dZEbdd. VSr-9Y, 2P Ry o
Awbhd, £F5AR0RE 2 L CRBRMI
FAEEEC R bMETH B,

HAREEHHRFLUR D2lE £7 5

IV. HBABSHOESORERRGER

Z T Let, BU (FREYE), %P (HIh),
FVF cauq F (BHEAEAN) oW Tl
5.

A. Z U ANk BRARENRS

HEEIT FEDOLS AR, #F13ED
THEEITIE W L RGE L T Table I1 135R L7
ERHEOBEEZDE s Az,

FIBIRIE & LI A RS O BRI O T
2%, Z0E4 Y Paterson : Quimby @7
ROETEHEKZ . Zhik Quimby OJFRT
—BRCERIE Y 4 & ¥ B0 T O F MR R R
L3R, FoHHOBENR Paterson OFFR
WEBEALFEMECLB LI mgh 2EDHB
M THB, Fig, 121048277,

Fig. 12. “ R "for Volume Implants
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e f——r—-""’P‘(P
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210 /“ ._‘;_‘_,_‘..-r— : R_F}.»Es
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i ; AT T ;
40 60 80

—> vilume of tumor in cm®
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DT, NEZ R LR Lz DOl Rvcgt 25
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W\% ZFGR R Bush 087 iR 2D F »
JHu MBI LRIHTH S, BEITIIOD
BEDLERFGEE ¢ Table I 1z5R L7-. Fig.
1B ZDRERTRT.

Table III Volume Dose at various Positions
of Ra for Cylinder on its Axis

By P, P,

Volume Dose 431 362

gm-r/mgh 845

il R
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Fig. 13. “R” for Volume Implants
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Fig. 14. “*R ™ for'*'I Therapy in Cancer of the
Thyroid
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Fig. 15. *Y-Colloid Therapy for Tumor
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Fig. 16. Various Dose Distributions in the Tumor
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