


854

Cancer Research

Vol. 18, August, 1958

and gave all the same dosage of sulfadiazine. Blood
sulfonamide levels were obtained at similar times
after administration and were found to have a
linear relationship to the sulfadiazine dosage. This
experiment was repeated with acetylsalicylic acid,
and again this relation was obtained. They also re-
ported the successful clinical use of surface area as
the criterion of drug dosage in infants and children
for a wide range of medications.

On the basis of the foregoing information, it was
considered that body surface area might be useful
as a standard of drug dosage in cancer chemo-
therapy studies in laboratory animals and in man.

tive member of each animal species and for humans
were calculated.

RESULTS

In Tables 1, 2, 4, and 5 it can be seen that the
doses per unit of body weight of mechloretha-
mine, methotrexate, actinomycin D, and TSPA
are greater in smaller animals than in larger ones,
and higher in children than in adults. The doses
per unit of surface area are nearly similar for all
species and for all ages of humans. The usual dose
of 6-mercaptopurine (Table 3), when expressed as
mg/unit of body surface area, is higher in human

TABLE 1
MECHLORETHAMINE DOSAGE

Weight Surface area

Total dose

Total dose/kg Total dose/sq m

Subject (kg.) (sq. m.) (mg.) (mg.) (mg.)
Mouse 0.018 0.0075 0.072 4.0 9.6
Hamster 0.050 0.0187 0.15 8.0 10.9
Rat 0.25 0.045 0.5 2.0 11.1
Man 70.0 1.85 21-28.0 0.8-0.4 11.8-15.1

TABLE 2
METHOTREXATE DOSAGE
Weight Surface area Dose/day Dose kg/day Dose/sq m/day
Subject (kg.) (sq. m.) (mg.) (mg.) (mg.)

Mouse 0.018 0.0075 0.027 1.5 8.6

Rat 0.25 0.045 0.125 0.5 2.8

Infant 8.0 0.4 1.25* 0.15 3.1

Older child 20.0 0.8 2.5* 0.12 8.1

Adult 70.0 1.85 5.0 0.07 2.7

* Generally accepted doses for infants, children, and adults, respectively.

MATERIALS AND METHODS

The available data concerning the appropriate
therapeutic dose ranges of mechlorethamine,
methotrexate, 6-mercaptopurine, actinomycin D,
and triethylenethiophosphoramide (TSPA) in
humans and in certain laboratory animals were
gathered from the literature (4, 5, 9, 10, 14-16, 20).

Surface areas for the laboratory animals were
calculated according to Meeh’s formula (8):

A=KXW?}

where “A” represents surface area expressed in
sq. cm., “K” is a constant for each animal species,
and “W” is the weight in gm. The weights used in
the formula were representative of each species
that is commonly utilized in chemotherapy screen-
ing programs. Surface area for man was deter-
mined from nomograms constructed according to
the formula of Dubois (8).

From the available information, the dosages per
unit of surface area of each drug for a representa-

adults than children. This might be correlated
with the observation that adults are generally in-
clined to develop earlier and more severe toxicity
than children when given 6-mercaptopurine in a
dosage of 3 mg/kg of body weight. Conversely,
the dose per square meter in infants and children
is lower, which correlates with the observation
that young children are inclined to tolerate 8
mg/kg for long periods without evidence of
toxicity.

DISCUSSION

In estimating the appropriate amount of a
compound to be administered to a patient or a
laboratory animal, it has long been customary to
use body weight as the main criterion. However,
since the activity of most drugs depends on their
role in some physiologic process or function, it
would seem more reasonable to use a criterion
which correlates better with known parameters of
mammalian physiology. As explained above, body
surface area appears to be such a criterion.
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Since methotrexate, 6-mercaptopurine, and
actinomycin D are excreted by the kidneys, it is
possible that their dose/sq m relationship is in
large part due to the correlation of renal function
with body surface area. Clinical experience indi-
cates that individuals with impaired renal function
have an increased susceptibility to these agents.

One objection to the use of body surface area in
measuring drug dosage is the variation in physical
and chemical activities among various species,
among different individuals within the same
species, and in the same individual at different
times. This same objection applies to any criterion,
however. The advantage of surface area still
stands out, since any differences in tolerated drug
dosages, for example, are true differences and not
artefactual as they may be when body weight is
used—a criterion that does not correlate as well
with those physiologic parameters that are
measurable at present.

Another objection is the difficulty in measuring
body surface. For practical reasons, a formula
must be used which utilizes weight and a constant
in animals, and weight and height in man. The
reliability of Meeh’s and of Dubois’ formulas has

been contested, but they do give rough approxi-
mations and should be accepted not as methods of
precise measurement of surface area but as a
means of achieving more nearly correct compari-
sons among individuals and species. The determi-
nation of body surface areas by these formulas is
neither arduous nor time-consuming. For animals,
the constant, “K,” may be obtained from the
Handbook of Biological Data, and the square of
the cube root of the weight can be obtained from
a logarithm table. For humans, the height and
weight are used to estimate surface area from the
nomogram constructed according to the formula of
Dubois.

It is the policy of this Pediatric Service to use
body surface area as the criterion for dosage of
certain anti-cancer chemotherapeutic agents as
well as for all other drugs and parenteral fluids.

SUMMARY

The rationale for the use of body surface area
as the criterion of dosage in anticancer chemo-
therapy has been outlined. The similarity in the
dosage per unit of surface area of methotrexate,
mechlorethamine, actinomycin D, and TSPA for

TABLE 38
6-MERCAPTOPURINE DOSAGE
Weight Surface area Dose/day Dose/kg/day Dose/sq m/day
Subject (kg.) (sq. m.) (mg.) (mg.) (mg.)
Mouse 0.018 0.0075 0.64 40 85
Rat 0.25 0.045 5.0 20 111
Dog 10.0 0.48 60.0 6* 125
Infant 8.0 0.4 25.0 8t 63
Older child 20.0 0.8 50.0 3t 63
Adult 70.0 1.85 200.0 3t 108

* From dog toxicity data of Philips et al. (15); represents daily dosage for two weeks that
did not cause fatal toxicity.
18 mg/kg daily to the nearest 25 mg. is the generally accepted dosage in humans for all

age groups.
TABLE 4
ACTINOMYCIN D DOSAGE
Weight Surface area Total dose Total dose/kg Total dose/sq m
Subject (kg.) (sq. m.) (ug.) (ug.) (ug.)
Mouse 0.018 0.0075 18 1000 2400
Child 20.0 0.8 1600-1920 80-96 2000-2400
Adult 70.0 1.85 5250 75 2840
TABLE 5
TRIETHYLENETHIOPHOSPHORAMIDE (TSPA) DOSAGE
Weight Surface area Dose/day Dose/kg/day Dose/sq m/day
Subject (kg.) (sq. m.) (mg.) (mg.) (mg.)
Mouse 0.018 0.0075 0.036 2 4.8
Rat 0.25 0.045 0.125-0.25 0.5-1.0 2.8-5.6
Man 70.0 1.85 5-10 0.07Q.14 2.7-5.4
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certain laboratory animals and man is described.
This is in contrast to the dissimilarity in the dos-
ages per unit of weight for these compounds
among laboratory animals and man, and among
humans of different ages.

It is suggested that cancer chemotherapists
consider the applicability of body surface area
as a criterion of drug dosage in their laboratory
and clinical studies.
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