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First of all, 1 would like to agree with the conclusions of Dr.
W. R. Bruce's important presentation.

If we are going on in an empirical way to find, step by step,
an optimal drug treatment in synergism with the host to
decrease the given tumor cell population, we can also consider
the possibilities Dr. F. S. Philips mentioned that the tumor
disease could still be present even if we are able to kill all the
tumor cells at one time.

Using experiences of chemotherapy in leukemias for the
treatment of solid tumors, we can compare the induction of
remission by the initial chemotherapy of leukemias with the
radical surgical removal of the primary solid tumor. In both
cases the mass of the tumor is drastically reduced, and the
number of the remaining tumor cells present in the patient
becomes relatively small. The question of maintainance
therapy in leukemia is comparable with the open question of
the kind of additional chemotherapy after surgery (2â€”5,7).

When we study the toxicity of combinations of drugs, the
sequence of the treatments given must also be considered. I
refer, as an example, to the toxicity studies of combined
treatment with X-rays and an alkylating agent. The results
indicate that the X-rays administered before the chemotherapy
creates more toxicity than those given postchemotherapy (1).

Affirming Dr. Bruce's first general principle, I should like to

give some data from an experiment as an example (6): Lewis
lung carcinoma was implanted intramuscularly in to BDF,
mice; 12 or 16 days later the tumor-bearing leg was ampu
tated. The bioassay of the lungs of the tumor-bearing animal
demonstrated the presence of a high degree of metastasis on
Day 12 and even higher on Day 16. Surgery performed on Day
12 produced only 1/20 survivors in the controls at the end of
the experiment on Day 140; surgery performed on Day 16
gave 0/30. In these two groups, 13/29 and 17/30 respectively
developed local tumor recurrence in the area of amputation,
indicating the advanced stage of the primary tumor. Five days
after surgery chemotherapy was initiated to both groups of
mice. Doses of Cytoxan of 100, 200, or 300 mg/kg were given
1, 2, 3, 5, or 10 times with intervals without therapy of 6, 10,
20, 30, or 50 days. A regimen of 50 daily treatments with 10,
20. 30 mg/kg was also used.

Small doses of Cytoxan, 10-30 mg/kg/day, given for 50
days, have neither been able to increase the survival time nor
to produce any survivors. In these groups, 39/59 (66%)
animals died with local tumor recurrence. In the earlier stage

of the tumor (amputation on Day 12), a single dose of 100
mg/kg Cytoxan was not able to produce survivors, but
repeated doses could do this. But in the more advanced stage
(amputation on Day 16), neither a single dose of 100 mg/kg
nor the repetition of this dose was able to produce survivors.
It seems that the dose level of 100 mg/kg was just at the limit
of effectiveness for the tumor stage produced by amputation
on Day 12. But it was not high enough to decrease the growth
of more advanced tumors of the mice amputated on Day 16.
This indicates that the effect of treatment depends on the first
step and the level of the first drug treatment, if this is able to
influence the tumor growth and to confirm the first principle
mentioned above.

In the advanced tumor stage (amputation on Day 16) doses
of 200 and 300 mg/kg Cytoxan have been effective in
producing survivors when they were repeated 2 or 3 times in
short intervals of 6 or 10 days but not with increased intervals
of 20, 30, or 50 days. This confirms the fourth principle of Dr.
Bruce.

We agree with the given recommendation that, first of all,
more transplantable solid tumors, and not only transplantable
leukemias, should be used in experimental systems. Further
more, the spontaneous solid tumors certainly would give us
much more important information for clinical use. But as long
as the spontaneous tumors in animals are not available in a
standardized form so that they can be used in experiments
with reproducible measurements and possibilities of quanti-
tation, we have to compromise by using spontaneous tumors
occurring in inbred strains by transplanting them in the same
inbred strain. Of course, this is still a transplantable tumor and
not a spontaneous one, but with a smaller difference between
host and tumor. It is much better than the transplanted
tumors common in use for a long time and transferred in many
different strains and noninbred mice. Such a system is, for
instance, the Lewis lung carcinoma-implanted into BDF, mice.
It possesses the advantages of a solid tumor and, because of its
spontaneous mÃ©tastasesearly during the course of the disease,
particular to the lungs, it also has the advantages of a
disseminated tumor disease. It enables one to estimate the
amount of tumor cells in the micrometastases by bioassaying
the lungs at different times according to different tumor
stages, by comparing the number of tumor takes and the
duration of survival of the bioassayed lung-recipient mice with
those of the same kind of tumor cells. The primary implanted
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tumor can be removed by amputation of the tumor-bearing
leg. The regrowth of the tumor can be observed in this
situation. Similar to the clinical situation, this regrowth results
(a) from the tumor cells which are not removed by surgery
(their probable presence depends on the time of surgery
and/or the stage of the tumor or the possibility of radical
operation according to the localization) or (b) from tumor
cells which are implanted into the area of amputation by the
surgeon (8).

The measurement of the effect of drugs on the survival of
individual cells has to include the function of time. At a given
moment the effect of a drug on one particular tumor cell
cannot merely be described by yes or no. There exists also the
possibility that this cell is partly damaged and able to recover
in time, or on the other hand, this partly damaged tumor cell
could be completely destroyed in time by the host. This can
be demonstrated, for instance, by bioassaying the lungs with
micrometastases shortly after treatment with a certain dose of
chemotherapy. If no tumor growth is occurring from this
inoculum in the recipient animal it can be concluded that the
micrometastases are destroyed by the administered treatment.
But this may not be the case because, if this treated animal is
bioassayed after a period long enough for recovering from
these tumor cells in the lungs, one can often observe in the
recipient mice tumor takes from the inoculum of the lungs
from the mice treated with an effective dose. Therefore, we
must conclude that the capacity of tumor cells to divide was
inhibited by the drug treatment but restored after a certain
period of time.

Additionally, there always exists the possibility of the
presence of the so-called "dormant" ceUs, which do not

behave at this time as viable and dividing tumor stem cells but
which are able to do so at other times, perhaps under different
conditions, for reasons not yet known. This is also related to
the problem of differences in the uptake of drug by the tumor
cells in different parts of the growth cycle, or with different
kinds of metabolism, or with different utilizations of the drug,
e.g., blood supply.

The concept of a lethal number of tumor cells becomes more
difficult in human solid tumors. We have different situations
and locations of the tumors and, therefore, differences in the
uptake of the drug as mentioned before because in solid
tumors there are different kinds of tumor cells. Furthermore,
there are many differences in patients resulting from the
dangerousness of the tumor, its localization, and host
response. Lung tumors, for instance, can be so small that they
cannot be detectable, but the patient can be killed by early
metastasis in important organs, such as the brain or the
adrenals, etc. On the other hand, patients with very large
tumors can live for a long time. In other words, it is not always
possible to quantitate by the number of tumor cells the
prognosis of the tumor mass for the patient. Therefore, more
terms like a description of the function of a given tumor
population, including the relation to the host, should, perhaps,

be used.

The use of the number of mÃ©tastasesdeveloped in the lungs
after intravenous injection of tumor mash of tumor-bearing
organs as a measurement for the calculation of viable tumor
cells in the injected material could be misleading. The variety
of the development of small numbers of large mÃ©tastasesor
the great number of small mÃ©tastasesby the same kind of
material has become evident in numerous experiments.
Additionally, the development of more or fewer lung infarc
tions is always included; these influence the health and
condition of the recipient mice and also tumor growth.

My last point would be to suggest that this kind of meeting
should be used as a way to justify the priority of the most
important future research and to examine the possibilities for
outlining together prospective studies favorable for coopera
tion, considering the results of the retrospective studies. If this
could happen then we would be able after an appropriate time
to compare the results of experiments outlined together. Such
a comparison of results would certainly speed up the progress
of our research.
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