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Growth and Induction Kinetics of Radiation-Induced Rat <Skin Tumors

Introduction

Following a single dose of ionizing radiation to rat skin

tumors first begin to appear between 15 and 40 weeks and continue

to appear for periods up to 80 weeks which represents a significant

fraction  of the.rat'.s lifespan (Figure .-1) .    .There.are  two  general

possibilities to explain this pattern. Either the late-appearing

tumors began growing long after the irradiation or the late tumors

were slowly growing tumors which began to grow at the time of

irradiation.  If the radiation-induced tumors were growing so

slowly that a significant portion of the rat's lifespan was necessary

for them to grow from onset to a detectable size, then the growth

process itself must be taken into account when assessing the

carcinogenic potency of a given radiation dose. The present study

was undertaken to determine the growth patterns of radiation-

induced tumors in rat skin and to assess the effect of growth

rate on the appearance kinetics.

Results and Discussion of the Model

A scorable tumor must be visible to the naked eye which

means it must be on the order of 1.0 mm in diameter.  A sphere
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1.0 mm in diameter could contain as many as 106 cells and if the

tumors start as a single cell many doubling times must transpire

between the initial cell and the scorable tumor. Tumors were

induced with single electron doses from 1500 rads to 6000'rads. t//

Tumor diameters were measured from photographs made every 4 weeks.

A ·computerized least squares procedure was devised which allowed

Gompertz functions to be fitted to the experimental growth data.

The growth curves of 153 tumors were analyzed.  The Gompertz 1/-

function was chosen from several functions that might fit the

growth data because it has been used in several tumor growth

systems (1, 2).  The Gompertz function is generated by assuming

that the specific growth rate decreases exponentially with an

exponential constant that is referred to as the retardation constant.

The Gompertz function requires the evaluation of 3 independent

parameters and is therefore sufficiently flexible that any growth

curve where the specific growth rate is decreasing in a regular

manner can be fitted reasonably well (3). Some examples of the

fit of Gompertz functions to experimental growth data are shown

in Figure 2.  All but 6 of the tumors had growth curves that could

be described reasonably well with the Gompertz function.  The
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6 nonfitting tumors either showed regression, size reduction, or

a sudden increase in growth rate.

The three parameters required for each growth curve are:

(1) A, the growth rate at a diameter of 1.0 mm, (2) a, the retardation

constant and (3) Vo, the initial tumor size.  For simplicity the

latter was assumed to be one cell.  Values for A and a were

determined for each tumor. The results for A are shown in Figure

3.  All analyses were made in terms of tumor diameter.

-1
The lack of tumors with growth rates less than 0.025 weeks

is probably an artifact because below that value even in the abs
ence

of retardation there would be insufficient time in the experiment

for growth to a detectable size.  Only 5% of the tumors haye an

-1
A value greater than 0.3 week which represents a diameter

doubling time of 2.3 week and volume doubling time, assuming a

spherical shape, of about 6 days.  The median value of A was 0.
15

per week with a standard deviation of 0.12 week-1.

Figure 4 shows the retardation constants.  Approximately

22% of the tumors have a values below 0.013 week-1.  Such tumors

are essentially unretarded and growing exponentially.  More than

50% of the tumors show significant retardation, i.e., a values
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greater than 0.025 week-1.

Figure 5 shows a plot of A vs. a for all the tumors.

Asymptotic size is well defined mathematically although its

biological significance is less clear.  A number of tumors actually

reached measurable asymptotes mostly less than 10.0 mm.  The lines

on the left and right represent A and a values for an asymptotic

sizes of 5.0 mm and 25.0 mm, respectively.  The absence of points

in the region less than 5.0 mm is probably an experimental

artifact since growth curves are difficult to measure for sma
ll

tumors close to their asymptote. While the scatter of points in

Figure 5 is substantial, there is clearly an absence of tumors with

rapid exponential growth, i.e., A values greater. than 0.15 week-1.

Large a values tend to be associated with large A values.

With the tumor growth characteristics as described, a model

was constructed to determine how growth rate of tumors woul
d be

expressed in the time-incidence curves.  Experimentally, t
he

cumulative tumors per rat data can be represented by a linear

function with a slope equal to the rate of tumor appearance and

a time intercept that varies slowly with dose.

Figure 6 shows the time intercepts from a number of exper
iments
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as a function to dose. The time intercept has a value of about

40 weeks at doses less than 2500 rads.  At higher doses, the time

intercept decreases to about 20 weeks.

In contrast to the time-intercept, the slope was extremely

dose-dependent.  As shown in Figure 7, a log plot of slope versus

dose, the slope increased as about the 1.7th power of dose up to

about 3000 rads.  Above 3000 rads the slope decreased, presumably,

as a result of the lethal effect of the radiation.

The tumor growth data is not sufficiently precise to permit

a calculation of the true one cell inception times of the tumors.

Let us assume for the moment that all the tumors actually began

to grow at the time of irradiation. This assumption is not

contradicted by the growth data in the present experiment, however,

its proof will require growth data at much earlier stages of tumor

development.

It is convenient to define the concept of growth time as the

time required for a tumor to grow from its initial inception

(asssumed to be one cell) to a detectable size. Based on the

relatively broad distributions foundfor A and·a, it can be

assumed that the growth time distribution would be an extremely
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broad function.

If all the tumorsstart growing at time zero, it can be

shown that the slope of the tumors per rat versus time function

equals the value of the growth time function at the corresponding

point in time.  If the slope of the tumors per rat curve is in
1/

fact a constant, the growth time function must be rectangular

with a low time cut off at the time intercept which must represent

the time for the fastest growing tumor to reach detectability.

The existence of an upper time cut off has not been established

experimentally up through 80 weeks. No upper cut off suggests

there may be myriads of slowly growing microtumors in the skin.

The height of the rectangular growth time function could be used

as a measure of the magnitude of the tumor response. If an upper

cut off exists, the height is proportional to the total number of

tumors, whereas if there is no upper cut off, i.e., lifespan is

the effective upper cut off, then the height is proportional to

number of tumors per lifespan.
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