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Over the past two years successful strategies have been
developed for effectively dealing with a small number of
experimental tumors in mice. These strategies have been
arrived at rather empirically on the basis of a cellular approach
to the tumor. The logical extension of these methods to other
experimental tumors would seem to be only a matter of time.
However, of more importance, it should be possible to use the
approach, with appropriate modification, to optimize the
treatment of human tumors. In effect we are suggesting that it
may be possible that human tumors can be effectively treated
with chemotherapeutic agents we now possess and that
significantly improved results will follow the use of appro
priate drugs at appropriate dosages, combinations, and correct
timing. But what are the appropriate drugs, the appropriate
dosages, and the proper combinations, and what is the correct
timing?

The approach that has been used with the experimental
tumors differs from the usual one in which the effectiveness of
treatment is evaluated by tumor regression alone. Rather, the
effects of the drugs on the survival of individual tumor cells
have been measured. The effects of combinations and of
timing of the drugs were then determined, and finally a
treatment strategy was formulated. A schematic presentation
of this treatment strategy is shown in Chart 1.
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Chart 1. Schematic presentation of treatment strategy.

The first step is the development of an assay system for the
malignant stem cells of the tumor in question. By the term
"malignant stem cells" we mean those problem cells within the

tumor which can continue to proliferate and whose continued
multiplication leads to the death of the animal. We must be
able to count these cells so that we can determine the effects
of our treatment at a cellular level. Several methods for
determining the number of cells with proliferative capacity
within a tumor are known. Certainly there is room for

improving and simplifying these methods, but one method has
proven particularly useful and can probably be used more
extensively. This is the endpoint dilution assay system
originally described by Hewitt and independently developed
by Skipper. This method provides a measure of the number of
tumor cells which, on transplantation into other animals, can
proliferate and kill the recipient. With such a method for
counting the number of malignant cells, it is possible to look
quantitatively at the effects of drug schedules.

The second step is the measurement of the survival of tumor
cells after different dosages of drugs. Since survival is, of
course, a function of both the dose rate and the duration of
exposure to a drug, we have found it convenient to think in
terms of dose-survival curves (when the animal is exposed to
the drug over a constant period of time) and time-survival
curves (when the animal is exposed to a constant dosage rate of
the drug). The survival curves in both cases are typically
exponential in shape over several decades, but at lower survival
values there is usually a change in the slope corresponding to a
fraction of the population that is less sensitive to the drug in
question. The reason for the resistance may be genotypic or it
may be phenotypicâ€”a consequence of difference in the
penetration of the drug to different portions of the tumor or
to differences in the sensitivities of cells in different parts of
the generation or growth cycles. In either case it is clearly
advantageous to use the doses and the exposure times
corresponding to the steepest portion of the survival curve,
and it is inefficient to use a drug at doses corresponding to the
latter portion of the survival curves where there is little tumor
destruction for each increment of the dose given.

The third step in the approach is to look for synergism in the
action of the agents. This is necessary since almost certainly no
single agent will be able to deal effectively with most of our
tumors. Most of the survival curves show the presence of
resistant cell populations. Combinations of agents which kill
cells on the basis of different mechanisms reduce the possi
bility that cells with genotypic and phenotypic resistance
appear. It is not necessary to understand the mechanism of the
resistance before testing for synergism. Combinations of drugs,
each given at their most effective doses, may be used together
to determine whether the combination kills more malignant
cells than either agent alone.

The fourth step is the examination of the recovery of the
tumor cell population. We will probably find that few tumors
can be effectively treated with combinations of agents given
only once. The presence of cells in phenotypically resistant
states will likely make it necessary to treat and re-treat.
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Information on the regrowth kinetics of the tumor is thus of
great importance in determining what time should be allowed
between treatments. Such information will allow treatment
before the tumor regrows extensively and before the effects of
the treatment are lost.

Our present chemotherapeutic agents have a limited degree
of selectivity on tumor cells, and thus we must examine a fifth
area in which more data are needed. This is drug toxicity.
While we have information on the toxicity of most agents
given in a single schedule, we do not have systematic
information on the effects of combinations of agents or on the
effects of repeated doses of combined drug schedules. This
information is necessary for the definition of workable drug
schedules and can be obtained before the survival curves for all
tumors are obtained.

It is not possible to define a priori a schedule which may be
effective in treating a given tumor even when we have all the
information outlined above. However, it is possible to state
four general principles. First, drugs should be employed which
produce a substantial reduction in the survival of the malignant
cells. Second, doses of these drugs should be used that
correspond to the steepest portion of the survival curves in
order to achieve the maximum degree of malignant cell
reduction for the minimum drug exposure. Third, the drugs

should be used in combinations that show demonstrable
synergism. Fourth, the combinations should be given repeat
edly before the tumor has grown substantially, but after the
animal has recovered from previous treatment.

The current status of cancer chemotherapy research from the
point of view of the flow diagram (Chart 1) is summarized in
Table 1. Several tumors have been studied in detail with
respect to assay methods, survival curves, synergism, and
tumor recovery, and successful strategies have been developed.
Other tumors are in the process of investigation. Many assay
systems for transplanted tumors have been developed, but few
have been used to examine the effects of chemotherapeutic
agents. No assays have yet been developed either for
examining the survival of tumor cells in solid spontaneous
tumors in animals or for systematically examining survival of
malignant cells in human tumors.

We feel that, in light of previous success with the approach
given in Chart 1, we are warranted in making the following
recommendations :

(a) The available assay methods for transplanted solid
experimental tumors in animals should be exploited to
determine the effects of chemotherapeutic agents on the
survival of malignant cells within solid tumors. Optimum
methods for treating these tumors should be developed.

Table 1

Tumors
Assay Survival

method curves
Successful

Synergism Regrowth strategy References

LI210 leukemia +
AKR lymphoma,

transplanted +
Carcinoma 755 +
AKR lymphoma, +

spontaneous
Fortner plasmacytoma

(hamster) +
Sarcoma (albino, C3H) +
Lymphoblastic leukemia

(CBA) +
P-388 lymphocytic

leukemia +
LSA ascites tumor

(C57BL) +
Rhabdomyosarcoma

(WAG rat) +
Mammary carcinoma

(C3H) +
KHT sarcoma

(C3H) +
Squamous carcinoma

(WHT/Ht) +
Osteosarcoma

(C57XCBA)F, +
Plasma cell tumor

Adj. PC-5 +
Spontaneous solid

tumors in experimental â€”

animals
Human tumors â€”

+ (5, 14, 16, 19)

+ (3,4,17)
+ (11)
- [12; Skipper et al.

(personal communication) ]

+ (6)
(7)

(8)

(2)

(15)

(13)

(10)
[10; Hill and Busch

â€” (personal communication)]

(9)

(18)

(1)

Current status of cancer chemotherapy research.
ar, radiation survival curve only.
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(b) Methods for assaying malignant cells of spontaneous solid
tumors in animals should be developed to determine whether
the sensitivities of these cells are similar to those of the
transplanted experimental tumors. Strategies for treating these
tumors should be developed.

(c) Methods for assaying for malignant stem cells from
certain of the human tumors should be developed. Such
technics will allow us both to investigate the action of drugs
on these tumors while they are in the patient and to compare
the results with the studies in the experimental animals.

The approach which we recommend differs considerably
from the current approaches of cancer chemotherapy research.
It does not depend on elucidating biochemical pathways or on
explaining cell survival curves. It may not lead to any new
insights into the mechanism of action of the agents. We feel,
however, that this empirical cellular approach will quickly tell
us whether we now have chemotherapeutic agents which are
capable of effectively treating human tumors and what the
optimum drugs, combinations, and timings are.
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