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Mathematical investigation of growth rate of pulmonary tumors.

Katsuhiro Kawashima, Toshio Kato, Tatsuo Tobe, Nobuo Koike, Koichi Yatomi,
Kenichi Suzuki and Masaorni Kato.
Department of Radiology, School of Medicine, Gunma University, Maebashi, Japan
(Director: Prof. T. Tobe)

The growth rate of lung tumor can be determined by observing changes in the size of the tumor

shadow in roentgenogram.
In many cases, pulmonary tumors in daily practice are not pliable to determination of the growth
rate by an exponential equation. In order to investigate a growth rate of tumor, several equations or

models have been offered up to date. Some of them are as follows:

) Gompertzian equation: —d(li\tL =ge atV

—

2) Logistic equation: % =g (K—=V)V

— B\ (R—D?) ,
3) Mayneord’s model: —Ht—=oc(l——Ra -) v

: : dv
4) Exponential equation: = aV

In this report, many data obtained by roentgenography are checked up on the above equations,

Out of 63 tumors in 31 primary lung cancers and 32 metastatic pulmonary tumors, 21 and 16 cases
are applied for Gompertzian equation and Mayneord’s model, respectively. Applicable cases for logis-
tic equation are few and its calculation is tedious. Therefore, using Gompertzian and Mayneord’s equa-
tions, generation time at single cell stage and doubling time at the time when tumor diameter is assumed
to be 1 ¢m, are estimated for each applied tumor. The average g.t’s of 3.4 - 2.6 days and 5.9 4 4.5
days are calculated at single cell stage for Gompertzian and Mayneord’s equations, respectively. Almost
all of doubling times of tumors with 1 cm diameter are obtained to be less than 60 days for both equations,
but those for exponential equation are rather too long.

Assuming single cell diameter of 20 i, the time intervals {rom single cell stage to the time of initial
observation of tumor are also estimated from above two equations and it is deduced that they are less

than 700 days, not more than several years.
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Logistic equation!®:

—dd‘tl —aV(K—V)=a(K~V)V

Mayneord’s equation®:

J%L:a%?ﬂv—{R_Dﬁj

g {_ a -
=: al\ 1 ‘LE-TS.Q_/V

oe~stV

Exponential equation:

av
TR aVv

B ORIT b &3 < B R L EER
AFER1IOZELtHL. 1o EEMRE
HE20n, HREPAIAEF D generation time ¥ 3.4
H, B 1cndkpo doubling time (X30H &~
SEEO TR, EHGFHoE L LB, i,
doubling time DZE(LIZ TEIEHCTHA.

i &b 3L LR i\ CEHIZT R

Fig. 1. WVariation of tumor volume and its
doubling time with time
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The above curves were calculated on the assurnp-
tions that g.t. at single cell stage of 20 ¢ in
diameter was 3.4 days and that d.t. of the tumor
of 1cm in diameter was 0 days for each equa-
tion except exponential equation.
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Fig. 2. Doubling time of tumor 1cm
in diameter,
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Fig. 3. Generation time of tumors in
single cell stage.
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