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Dose Distribution of Radiation Therapy
Part II Tumor Volume Dose Ratio (Corrected Version)

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

The abovementioned publiched Part II in the Nippon Acta Radiologica (21, 719, 1961),.
but have discovered a grave error in the contents. We wish, therefore, to publish a cor-
rected version and at the same time express our profound apologies. We would also like:
to extend our sincere appreciations to Dr. Yoshio Onai of the Department of Radiology,.
Attached Hospital, Cancer Research Society for bringing this error to our attention.

In our previous report we stated that the calculations for volume dose of total body,.
that is, the denominator for volume dose ratio (R) was based upon Bush’s Table, but
actually we only made reference to Bush’s literature and used the basic data presented in
Radiation Dosimetry (Hine & Brownell: Academic Press Inc., New York, 1956). The.
reason being that values presented in Radiation Dosimetry are values which were calculated
through the use of Bush’s Table after certain modifications had been made. Table I intro-
duced on Page 723 of our previous report was transcribed from page 780 of Radiation
Dosimetry. An explanation of this table was provided on the same page, which states that
the table was prepared on the basis that the point source of radium is located at the center
of the cylinder. However, this statement is in error. Bush’s Table was prepared on the
basis that the point source of radium is located at the center of the end of the cylinder.
Therefore, our calculations were in error.

Thus, the volume dose of total body using ¢y source must be corrected by approximately
two-fold and the tumor volume dose ratio by approximately 1/2 of the respective values
indicated.

With the wish to print a corrected version, we have rewritten most of the tables and.
figures. We seek your forgiveness.
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“Tumor volume dose ratio (R) is defined as follows :

R— Volume dose of tumor

Volume dose of total body

In Part T (Nippon Acta Radiologica, 20, 1205, 1960) a report was made on the tumor

volurne 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 center of the end of this cylinder as the

percentage of volume dose (3310 gm-r/mgh) of an infinite absorber.

(Table I) 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 radioisotopes.

It is apparent from Figure 1 that the values can be readily obtained even if the radiation

source is not placed in the center of the end of the cylinder.

In case of an empty cylinder

‘the value can be obtained by subtracting the volume dose equivalent to the empty space.
However, in case of surtace and contact irradiation, 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 2, 3, 4,5 and 6 and from the computation examples.

“The results are shown in Table II and Figure 7.
II. R of surface irradiation with the use of radium

T
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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 1cm thickness. Results
are shown in Figures 8,9,10 and 11.Results given are for lesions on the body surface, but
conversion can ke readily made for lesions deep in the body.

III. R of contact irradiation with the uce of radium

Contact irradiation is used for very thin superiicial 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 12.

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 on the axis
of the cylinder, the human body being assumed to be a cylinder. The results are presented
in Figure 13.

B. Interstitial implantation with the use of radioisotopes

1) Thyroid cancer therapy with the use of 131,

A normal thyroid weight is 20 g and there is an uptake of 209% of the orally admin-
stered B, The 3] tigssue concentration of thyroid cancer is assumed to be 509% of that
of normal thyroid. Thus, for each gram of thyroid cancer there would be an uptake of 0.5%
of the administered amount. The effective half Iife of %[ is 4.5 hours and it is also
assumed that %11 once absorbed by the normal thyroid or thyroid cancer dees 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 19 tissue concentration (uc/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 14. In the above-mentioned computations, the effect of ¢ ray is not included and
therefore this will ke considered in the following section.

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

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

t: Effective half-life (4.5 hours)

I': Dose in rcentgen received in one hour at a point 1 cm away from the radiation

source of 1 mC (2.3)

g: Average geometrical factor (122)

C: Tissue concentration (C/g)

b) Volume dose of total body of 18-y absorted by normal thyroid and thyroid cancer

The thyroid in comparison with the size of the body can be considered to be a point

— 87 —
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and therefore Table II was utilized. As shown by the equations in the text, the dose would
ke 5060 gm-r when the thyroid cancer is assumed to weigh 5 g.

¢) Volume doze of ¥y absorted by the normal thyroid and thyroid cancer.

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

d) Volume dose of normal thyroid and thyroid cancer by homogeneous distribution of
181l-¢y throughout the body

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

e) Bremsstrahlung effect was go small (less than 1%) that it was excluded from the
computation. The solid line in Figure 14 shows the resuit.

2) Treatment of chronic leukemia with ©2P

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 becomes 509.

3) The R of %Y colloid

%Y colloid injected into the pleural cavity 'is hardly excreted from the body., When %Y
colloid is injected into tumors, it decays faster (minimum time-44 hours) than its halflife.
Therefore, as shown in Figure 15, R is the ratio of the integrated value of total administered
dose and the recidual dose in the tumor and thus at the most R is 729%.

4) The R of Ay colloid

Depending upon the site of injection, *8Au colloid dces not migrate to the surrounding
tissue, but the volume dose of total body of gamma ray must Le 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 keta ray to the periphery of the lesion which
is a factor reducing the R value has Feen ignored. Figure 16 illustrates the relationship
between the range of injection and doce distribution in the tumor when RI-colloid is homo-
geneously injeced. The value at the sigmoid is expresced as a combination of two second-
ary functions. (Figure 17)

If the doce at a point between PQ in the ball shell is expresced by distance r from the
center, it becomes ——T%Z—- (r-a)?+D. If R for A, B and C are computed and expressed as
Ra, RB and Rc, respectively, Ra becomes 100%, while Re and Rc are as shown in Figure
18. However, in theze values, the migration of colloid out of the lesion and gamma ray
have Ekeen ignored.

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.

— 8RB —
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Though moving field irradiation has many outstanding points, it has from the stand-

point of R a tendency of keing similar or rather inferior to fixed irradiation, but it must

not ke 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 czhielding material.

In interstitial implantation it is desirable to usge 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 aft present beea confirmed to

1381 for some thyroid cancers, and P for chronic leukemia and polycythemia, but this can

Le 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 percentags depth dose (P), tumor volume

dose ratio (R) and tumor dose distribution homogeneity ratio (s).

It may be possible to evaluate the various irradiation procedures by function f (P, R,s)

which reflect the biological significance which each of the:e factors possesses.

In the next paper we plan to report on the tumor dosze distribution homogeneity ratio (a).
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Table I Volume Dose in Solid Cylinders of Various Dimensions Expressed as a
Percentage of the Maximum Volurae Dose in an Infinite Absorber

Length of cy- Radius of cylinder, cm
linder - -
cm 3 \ 5 | 10 15 20 | 25 \ 0 | 35
2 3.7 4.7 6.5 7.3 78 | 8.1 8.3 8.5
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 21.3 22.2
20 5.5 8.8 14.9 19.4 | 225 | 25.3 28.2 28.6
30 5.6 8.9 15.4 20.4 24.3 27.2 29.6 31.6
40 5.6 8.9 15.6 20.9 25.0 28.3 30.8 33.0
60 5.6 9.0 15.8 21.1 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 21.3 25.7 | 29.0 32.4 35.0/

rhl B B SR AR X b AR R
WHZEBRAETHS. Fig. 1. Xk hroJHEIZ
BenrThHdd. I, REHEOHEART TR
BTRCHEERD, DWW ThZEAEHEYT 3
FERFREEEIE L.

Fig. 1. Principle of Calculation of Volume Dose
at Various Positions of Ra on the Axis

Lh LI vy aRHlE0mcES LTEMI
e CEBRI) 53 WIS TEEE R E
hni-ig () OAREEEZMm2 2 LT
EA\, INEOBAEOR (RRAMNRER) #
B0, ZOHEE LTLeERET
RO B ERPELO TR LRER, A
AEE Y R LBE LT Bush 0k hFHys
ZOR-FREETHY, FTLENIWHERES
HHETHB EOREEmTE L. Fig. 2, 312k b

ZOEMIALATHSI. TaAbBADERD
AWERRILIBOBAD L TH3.
{47 % 60kg

bbb AMEROEIE Z 440cm?,

Fig. 2. Principle of Calculation of Volume
Doze in the Case of Contact Irradiation

SR v s
;.-" Ra \ ( }___Rjj;_.\)

Fig. 3. Principle of Calculation of Volume
Dose in the Case of Surface Therapy

EEELTEHE L7, 440cm? (3 EERE28cm, Stk
20cmDFEFH O & —B T 5. KFiE60kgs T3
DR X1 136cm & 2 YAHYANE Bl E 2
BN, BENRDI VAR RCERLAVC
E1x Table I X pBibmnThs. Table I Tl
100em3E CLArEASNTWEWDT, ThllE
DAEE T 7712 X By ko Tk 7.
AT
D BERSOYEE. 7Y 2 080E 1 ng)t
MNERDFRIRER 11?%%32' DT D L B AR AL
(Fig. 4, Fig. 5).
196°

3310 0.23Tx— 36fJ°___' 298gm-r/mgh

33105 Y A 1mgh 12X % WEATZ » ¥ b
— 2D ZERHERE
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Fig. 4. Positions of Radium
P;: end of body, P,: mid-point of P, and P,,
P,: mid-point of body.

“a l\‘ -
Position of Ra
LN

e AY
FIN

Fig. 5. Cross-section of Body for Contact
Irradiation

e
“\./ w\/ 29\

/
< 440 cm2
\\H&

———

0. 25T EE20em, F5X  1360maD PO o ARk
ROFRKT7 7 = + — 21258 F 3 458,

oI X O B~ OISR,

2) MBRHDOEHE. 59U 7 &R 1DgRA
ORI Lempk & YEEN T 1 BEAIRA N 720
DEEEHRE (Fig. 4, Fig. 6).

#E2lem, B = 136cuofpL: o SRR
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HIC R 5 ABARIE = 278—21= 257gm.r/mgh
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L Table II % Fig.7 #487-.
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Fig. 6. Cross-section of Body for Surface

Therapy
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Fig. 7. Volume Dose at Various Positions of
Ra. expressed as gm.r/mgh
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Table II Volume Dose at Various Positions of Ra expressed as gm-r per mgh

W23 BTE

™ Distance
w:tween
Ra and
\Surface 0 1 2 3 4 5
(cm)
Position of Rh
P,: end of body 298 257 224 197 174 154
P,: mid-point of I
P, and P, 583 501 437 382 387 298
P,: mid-point of
body 593 512 448 392 348 308
Fig. 8. “R " for Surface Therapy Fig. 10. R for Surface Therapy
source surface distance 1cm source surface distance 3cm
P Quiny) I__ P “.= ““"”“_"‘;%f Py{Quimby) ':
| ; Pl !
! 8 -----—r-——.—,—’-“---———!~——--—-‘—-——;J‘—;
PES s e ! =
P fPﬂTursnnI:} 'A’uiemnl i
_____-,,/_{_l_______--._.:-..
/‘ :lQmmla"F“"" e i i | Pty
T PuQuinty) 1‘ :' T’.mu.mhy) :,
= ] e I !
z ™™ " “PalPatersend, 4] !:““‘""E'""P}(p‘:l:;“ém#""?’
:‘:_ _p_,(-pf:,ia_..:';“ ‘____‘___..--ﬁ: PsPaterson) | E
i 2 ! ¥
! B | |
7 30 0 ! ' i
= yolume of temor in c= ] .
30 40
—= volume of tumor in cn?
Fig. 9. “ R for Surface Therapy
source surface distance 2 cm Fig. 11. “ R’ for Surface Therapy (Paterson’s
[T I —— S (R e 1= Method) source surface distance 4 cm
k" ' ' /-E 'Prab.gw ;
T ] oo
' ! tad ' ! P i | 3] !
: A D pePiterson| ' /} / ‘
§0p===—~m~———= O e e e S A s =r-- ! T |
e 1 ] 1 ] I
i ! ’ I R | B i
! PaQuinby) 1 o /(‘ ' i
: ot PilQuinby) ; s i et
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ﬁ PulPaterson) | L i 7—‘i ““““ ;;yﬁ;"'/‘: ______ I 'i"
; R / I: i i'
i ; ~ ; : :
' el : |
» 7 20 37 Fo
— volume e“.l’ﬂz“mr in em® L — volume of tumor in ¢
FH U TH %2, Quimby DX R T AR D45 LARo = & &, bib R0 E

~~55%THBDTHS5 (TabbEUHEEZE
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Fig. 12. “R”’ for Volume Implants
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Table IIT Volume Dose at Various Positions
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