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NUMEROUS institutions in this country
and abroad are utilizing rat hepatomata
for extensive studies of the characteristics
of neoplastic cells. It became evident
that virtually no research was being done
on the kinetics of cellular proliferation and
tumour growth in these hepatomata, in
spite of the extensive enzymatic, biochemi-
cal, genetic and morphological research
efforts. This report is concerned with a
quantitative assessment of tumour growth
rates which vary by a factor of 10 in 9
hepatoma lines (Looney et al., 1970, 1971).

MATERIALS AND METHODS
Female ACI and Buffalo rats were inocu-

lated unilaterally on the right side of the
back by Dr Harold Morris in Washington,
DC, and then shipped to this laboratory.
Measurements of the length, width and height
of each tumour were made 3 times weekly
over the period of this study, using vernier
calipers. Measurements were also made
immediately before and after sacrifice, to
determine the accuracy of the method of
measurement of the tumour under the skin
compared with measurements of the excised
tumours. The tumours were then weighed,
in order to correlate measurements of
tumour dimensions with the actual weights
of the tumours. Three different methods
have been used to express the changes in the
dimensions of the tumours with time: (a) the
sum of length plus width, as originally used

by Morris and Wagner (1968) to compare the
growth rates of the different hepatomata;
(b) the product of length times width of the
tumours, which gives the change in the
rectangular area enclosing the tumour with
time (Steel, Adams and Barrett, 1966), and
(c) volume, calculated on the assumption
that the tumours were hemiellipsoids, accord-
ing to the method of Dethlefsen, Prewitt,
and Mendelsohn (1968), where volume=
(4if/3). (1/2). (w/2). (h/2). This reduces to
2 lwh.

RESULTS

Correlation coefficients between meas-
urements before sacrifice and weights of
24 tumours of hepatoma line 7288ctc are
as follows:

(a) Tumour measurements: Weight
I x w 0-85
1 + w 0-82
flwh 0 88

(b) Logarithms of measurements:
logn (I x w)
logn (1 + w)
logn (ilwh)

Logarithm
of weight

0-91
0-92
0-85

0 79 0 90
0 78 0 90
0 87 0.91

Temporal changes in the sizes of
individual tumours within each tumour
type were determined and various trans-
formations of the data were made. The
degree of fit of the data to the following
growth models was evaluated by regres-
sion analysis:
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size = a + b days
size = a + b (days)2
size = a + b (days)3
size = a + b (logn (days))
size + a + b (days)
size = a + b (days)2
size = a + b (days)3
size = a + b (logn (days))

where size was represented by Ilwh
initially and the entire analysis was
repeated using 1 + w and 1 x w to
represent size.

Since all tumours appeared to grow
at approximately the same rate once a
certain size was attained, data were
adjusted to a common distance from the
y axis, i.e. to the same intercept value.
Specifically, the day when a tumour
reached a specific size was numbered
" Day 1 ", and succeeding days were
incremented from Day 1. For Ilwh data,
days were adjusted so that Day 1 was the
day the tumour reached 200 mm3. Surface
area measurements (1 x w) and linear

size = a + b (days)
size = a + b (days)2
size = a + b (days)3
size = a + b (lgn (days))
logn (size) = a + b (days)
logn (size) = a + b (days)2
logn (size) = a+ b (days) 3

logn (size) = a +b (logn (days))
measurements (1 + w) were adjusted in a
similar manner. For 1 x w data, the
day a tumour reached 150 mm2 was
named Day 1; for 1 + w data, the day a
tumour reached 25 mm was named Day 1.
These values were chosen to correspond
to a volume of approximately 200 mm3
based on the Ilwh data. These tumour
sizes were chosen as the bases for adjust-
ment because of the difficulty in measur-
ing smaller sizes accurately. The
improvement in the functional relation-
ships obtained when combining the indi-
vidual data for tumours of a given type
is shown in Table I.

Regression analyses were performed on

TABLE I.-Growth Rates of Different Hepatomata and Comparison of Squared Multiple
Correlation Coefficients for Regression Equations

Tumour*
Tumour growth
type (cm/mo)

16 0 5

9633 1*3

9618A 0 7

9121 3 - 5

9121-21 3 . 5

7800 2 8

7316B 2 - 5

5123tc 5 0

3924A 7 0

7288ctc 10*0

Growth
equation 1
a = 5-65
b= 0-03
a 540
b 0*04
a = 5-51
b 007
a = 5-84
b= 0*09
a= 5-58
b 0*09
a 5 50
b 0.11
a 5-45
b 0-13
a = 5-52
b = 0*14
a = 5-52
b = 0-16
a - 5*40
b = 0 30

Volumet
doubling

time (days)
24 46

17*46

10*15
7 45

7*96

6-07

5-83

5 03

4.35

2-34

R2
Equation 2

A

Unadjusted Adjusted
0*16 0*61
0 03

0*88
0 39

0*31
0-85

0 73

0-85

0 70

0-80

0*80
0-86

0 70

0*64
0-91

0*90
0-86

0 90

0*89

R2

Equation 3
Adjusted

0*26
0*27
0*72
0 74

0-52

0-88

0*90
0*83
0.90

0*88

R2
Equation 4
Adjusted

+
0-47

0*83
0X72

0X19

0X91

0*90
0X87

0*88

0*90
* Measurements from Morris and Wagner (1968).
t This is based on logarithm of the product of length, width and height. Days are adjusted as describedin text.
I Two separate groups of 9121 tumours were used to check reproducibility of these results.
+ No significant fit could be obtained.
Note: R2 is the fraction of the sum of the squares of deviations of logn (jlwh) from its mean that is

attributable to the regression equation: R2 = Explained error
Total error

Equations 1 and 2: logn (ilwh) = a, + bi (day). Equation 3: logn (1 x w) = a' + b' (day).Equation 4: (1 + w) = a' + b" (day).
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the combined data, using the same
models as described. The equation form
logn (llwh) = a + b (day) was the most
consistent in explaining most of the
variance.

The increase in the R2 resulting from
data adjustment is most pronounced in
the slower growing tumours. The adjust-
ment for the 2 slowest growing tumours
resulted in the greatest increase in ac-
countability for variance. Data adjust-
ment increased the R2 in 9633 from 003
to 0-80; the R2 for 16 increased from 016
to 0-61.

GROWTH RATES OF DIFFERENT HEPATOMATA

12

0
11 VI

10

0%
9

DAYS~~~~~~A

27

6

5

10 20 30 40 s0 60

DAYS

FIG. 1.-Regression curves of the adjusted data for
9 different tumour lines.

DISCUSSION

Although any of the 3 measures can,
in most cases, serve as appropriate indices
of tumour growth, llwh is more meaning-
ful biologically. The measurement 1 + w
usually does not double during the time
frame in which reliable measurements can
be obtained. Cell loss rates computed
from the surface area doubling time
would be erroneous since the surface area
doubling times are much larger than the

volume doubling times. This could be
overcome by using a conversion factor to
translate surface area into weight, as done
by Steel et al. (1966). Secondly, it should
be noted (Table I) that the equation
logn (1 x w) = a' + b' (day) only accounts
for 027 and 0-26 of the total error in the
slowest growing tumours, 9633 and 16.
It should also be noted (Table I) that the
equation form 1 + w = a" + b" (day)
only accounts for 047 of the total error
for one of the slow growing hepatomata,
9633, and regression equations were not
obtainable for this equation with tumour
16, which was the slowest growing tumour.
The volume doubling time is based on

the assumption that the tumours are
hemiellipsoids. These times (Table I)
are actual volume doubling times deter-
mined by solving the equation, rather
than instantaneous doubling times which
would be obtained from the first deriva-
tion of the equation. The regression
curves for the 9 hepatomata are shown in
Fig. 1. This method reduces the growth
curves to a simple exponential form. It
therefore simplifies studies of growth
rates during the period of exponential
growth of these tumours. Regression
analysis, therefore, indicated that the
function best describing the relationship
between size and time was logn (Ilwh)
a + b (day).
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Meeting Announcement

THE FIFTH INTERNATIONAL
CONGRESS OF CYTOLOGY

MIAMI BEACH, FLORIDA, U.S.A.
(AMERICANA HOTEL)

29 MAY-2 JUNE, 1974
Sponsored by the International Academy

of Cytology, the American Society of Cytology,
and co-sponsored by the Argentinian, Aus-
tralian, Austrian, Belgian, Brazilian, British,
Canadian, Czechoslovakian, Dutch, Finnish,
French, German, Hungarian, Indian, Israeli,
Italian, Japanese, Latin-American, Mexican,
New Zealand, Norwegian, South African,
Spanish, Swedish and Swiss National Societies
of Cytology.

Scientific Programme: The Scientific Pro-
gramme will consist of Congress Lectures by
invited speakers, a Special Slide Seminar,
Teaching Seminar, Scientific Exhibits, Prof-
fered Papers in various fields of Cytology and

various Panels, including the following topics:
1. New Cytologic Techniques (including

electron microscopy)
2. Actualities in Cytogenetics
3. Role of the Computer in Cytology
4. New Aspects of Aspiration Cytology
5. Unusual Findings in Cytologic Speci-

mens
6. Cervical Dysplasia in the Very Young
Woman

7. Vaginal Microbiology
8. Management of Early Cervical Lesions

Social Programme: An attractive Social
Programme and a special Ladies Programme
are being planned to complement the Scienti-
fic Programme.

If wishing to participate or to attend,
please contact Dr Alexander Meisels, M.D.,
F.I.A.C., Professor of Pathology, Secretary
General, 5th International Congress of Cytol-
ogy, 1050, Chemin Ste. Foy, Quebec 6, P.Q.,
Canada.


