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Istituto di Ricerche Farmacologiche "Mario Negri, " Via Eritrea, 62 Milano, Italy

Dr. Mandel opened the discussion of Dr. Skipper's paper by

asking what the mechanism of the complete drug-induced
remissions of tumors in animals and man is, and what the
difference is. He also questioned why it is possible that in
tumors of animals we can often show complete remissions
with "cures," and in man this is so difficult.

In response, Dr. Burchenal stated that his paper on the
successes and failures of cancer chemotherapy had perhaps
been misunderstood to a certain extent. He felt that most
clinicians in chemotherapy would like to stress the point
that there are certain types of leukemias and solid tumors
which can benefit greatly by chemotherapy, but that not all
tumors can be "cured" and that chemotherapy has not been

successful in a large number of cases. The greatest percentage
of cancer is in solid tumors in adults, an area in which very
few inroads have been made. However, the progress that has
been made in the leukemias and in a few of the solid tumors
benefits the patients and has meaning for the other types of
cancers on which we are working.

Dr. Burchenal proceeded to discuss the differences between
animal tumors and the disease in man. When a researcher
gives leukemia to a mouse, he gives from 10,000 to one
million cells of inoculum and begins treatment 24 hours
afterward. This procedure is a great deal different from
taking a patient who has a leukemic cell burden of IO12
cells and starting him on treatment. If IO6 leukemic cells are

eliminated from a mouse, it is possible that the leukemia
may be "cured." But in man, if IO6 leukemic cells are

removed, there are still plenty remaining to return. The
second factor, in most cases, is the fact that you do have
some help from host resistance in the animal tumor. There
are some instances where there is no host resistance. Some
of the original work on asparaginase has indicated that those
animals who recovered from their tumors after asparaginase
treatment could then have the tumors reimplanted with no
evidence of host resistance, but, in most cases, the host is
then resistant. If the patient recovered from the leukemia
originally, he is then resistant to reimplantation, showing
that there is some host factor present. There may be some
host factors in human disease as well. Melanomas, Burkitt's

tumor, osteogenic sarcomas, and neuroblastomas have all
been shown to have some host tumor-specific antibody. This
example shows the difference in the predicted test for
asparaginase sensitivity, which is interesting and points up
some of the difficulties. With leukemias L5178Y and
EARAD 1, a very high percentage of inhibition (70 to 80
percent) of the incorporation of valine into protein in the
presence of asparaginase can be noted. The resistant mouse
leukemias, two that were made resistant and two that were

originally resistant, show no inhibition at all. By contrast,
three human acute leukemias, which were definitely sensitive
to asparaginase in vivo, could be studied. One of them had a
complete remission for four months; the second one had a
complete remission for three months, then relapsed, and had
another complete remission; and one had a remission which
has lasted for longer than five months. You will notice the
small amount of inhibition caused by asparaginase there.
These human leukemic cells differ greatly from the mouse
leukemic cells even though the effect in vivo is good. With
mouse leukemic cells, where there is a great deal of inhibi
tion, this can be "cured" with larger doses of asparaginase
alone. LSI78Y cannot be "cured" by large doses of asparag

inase, but asparaginase can be used in combination with
other agents. The resistant lines are not affected, but a very
minor effect of asparaginase in vitro and a reasonably good
effect in vivo is evident in human cells. There are obviously
tremendous differences between the metabolisms of human
and mouse cells. Their generation times are also different,
and this may make a great deal of difference. One of our big
problems with human leukemias is the existence of a great
number of dormant cells; this situation perhaps does not
exist in mouse leukemias.

Dr. Leighton then emphasized the fact that transplantable
tumors in man are rare and that, therefore, the animal with
spontaneous cancer, not the one with an implanted trans
plantable tumor, should be used as a laboratory model for
cancer chemotherapy. Choriocarcinoma in women, one of
the tumors that responds best to chemotherapy, is really a
tumor arising from the tissues of another individual, i.e., a
transplanted tumor. Most of the experimental work on
chemotherapy in animals has been done on transplantable
tumors too.

1 would like to comment on the above discussions by
stating that we have selected tumors carefully, using optimal
conditions to show the effect of drugs. If the system was
made more severe, then we had difficulty attaining a real
result. A few years ago we did a study (Garattini et al.,
Cancer Res., 27(Part 2): 1309-1437, 1967) in order to
demonstrate the specificity of action of antitumoral drugs,
i.e., the effect of tumors versus normal tissue. We found that
this index was very much influenced by the moment at
which the treatment started, so that the drugs which looked
very selective when they were applied immediately after
transplantation of the tumor became only slightly selective
when the animals with an already well-established tumor
were treated.

Dr. Goldin stated that, historically, there really has not
been that great a difference between the results that have
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been obtained in the leukemia LI210 system and the clinical
experience with acute leukemia. It was not more than a
decade ago that we were incapable of "curing" mice with

advanced leukemia LI210. Even at the current time, al
though we have a number of drugs that have "cured" mice

of early leukemia LI 210, we still have only a handful of
drugs that are capable of "curing" mice with advanced

disease. It was not until dichloromethotrexate was tested
that, for the first time, we were able to obtain survivors with
advanced leukemia LI 210. This was followed more recently
by the nitrosourea derivatives, emanating from Dr. Skipper's

laboratory, which yield a high incidence of survival in the
treatment of advanced disease. Compounds, such as Cytoxan,
have been somewhat effective in this regard. Thus the
clinical accomplishment may not be lagging far behind the
experimental findings in mice.

The therapeutic advantage which is obtained when the
leukemic disease is less advanced was also stressed by Dr.
Goldin. In one experiment involving treatment of early
leukemia LI210, Methotrexate was reasonably effective in
increasing the survival time of mice carrying a high inoculum
of leukemic cells; however, all of the mice eventually
succumbed. On the other hand, following treatment of mice
carrying a low inoculum of leukemic cells, 80% of the
animals survived. Despite this great difference in observed
response to therapy, there was only a relatively small
difference in the survival time of untreated controls carrying
the high and low inocula. The increase in the number of
leukemic cells in mice with systemic advanced leukemia also
renders the treatment with Methotrexate less efficacious.
Despite the definite antileukemic effectiveness of the drug
against advanced leukemia L1210, following each treatment
the leukemic cells multiply at a more rapid rate than they
are destroyed and the treatment ultimately fails.

Dr. Bruce explained that, in his studies of the action of
chemotherapeutic agents on advanced transplanted AKR
leukemia, he found that animals "cured" of the disease were

still as sensitive to single leukemic cells as normal mice. This
evidence, together with other studies, suggests that no
immunologie factor was involved in the "cure" of the mice.

Thus it is better to work with the simplest possible tumor
system in studies of chemotherapeutic agents. When workers
have developed methods for determining what these treat
ments are, they should move to a more difficult system and
not repeatedly do the same experiments.

Dr. Heidelberger questioned the assumption that spon
taneous tumors in mice are a better model of spontaneous
tumors in man than other mouse tumors. Spontaneous
tumors in mice generally arise from one of two causes,
viruses or inbreeding. The viral etiology of tumors in man
has not yet been proven, and inbreeding is not seen in man
as a cause of tumors.

Dr. Zubrod added his point that it is clear we have learned
some of the principles required for drug control of the
rapidly growing tumors in man. Several speakers have
indicated that the experimentalist has, for the most part,
chosen to study chemotherapy in rapidly growing tumors. In
the clinic, the knowledge about drug control of rapidly
growing tumors has had little impact because the common

clinical cancers are of the slowly growing variety. The
opportunity that now exists springs from the data that have
begun to show us the biologic differences between slow
growth and fast growth. For the first time we can now
realistically match animal models for slowly growing tumors
with the slowly growing tumors in man. The use of the
rapidly growing tumors in animals has given us insight into
the best drugs and the best ways of using them for control
of acute lymphocytic leukemia, choriocarcinoma, and other
rapidly growing tumors in man. It is to be hoped that the
slowly growing tumors in animals will provide similar
successes for drug control of lung cancer, breast cancer, and
other slowly growing cancers.

Dr. Carbone discussed the effectiveness of chemothera
peutic treatment of human tumors, such as choriocarcinoma
and Burkitt's tumor, in which immunity has been proposed

to be most active. In their study in Africa of 54 patients, he
and his associates were able to get complete remissions in 42
cases with a single dose of Cytoxan. A look at the early
cases showed that 30 out of 37 patients had complete
remissions with one dose of chemotherapy. This would
indicate that the most effective immunotherapy follows the
most effective therapy, whether it is chemotherapy or
surgery. The host could take care of the last few cells if very
effective drugs are used. The second point is that in slowly
growing tumors the clinician must choose a clinical situation
where the disease is relatively early in its development in
order to apply chemotherapy and immunotherapy. Adjuvant
studies are then possible, primarily in breast cancer and
possibly in colon cancer, where the tumor cell population is
low and available drugs might be used. Effective chemo
therapy for some solid tumors, such as Hodgkin's disease, is

available because we have several drugs that are effective
against the tumor and, by combining them, a much better
effect is possible. There is only one drug used alone that is
really effective in tumors such as colon cancer, and it is
difficult to visualize any curative chemotherapy with one
drug that has only minimal effectiveness. Until clinicians
have available several agents that are effective independently
in the same tumor, they are not really going to have effec
tive therapy in that disease. Breast cancer is one disease
which might now be approached in terms of a curative type
of combination chemotherapy in the early patient because
several agents, including hormonal agents, are available.

Dr. Busch stated that there are three worlds of cancer
chemotherapy, i.e., the world of the chemotherapist whose
task is difficult and requires some euphoria, the world of
general physicians which has a great deal of skepticism, and
the world of the patient. From the point of view of funda
mental approaches to chemotherapy, there are several
problems of nutrition which have not been discussed here.
The ability of some neoplastic cells to absorb macro-
molecules out of the blood stream and to utilize these as
basic nutritional sources should be compared to the free-
floating cells which are very frequently limited in nutritional
supply and operate on a very slim base by comparison to the
tumor that is growing de novo in the host. Another point is
the shifting phenotype of neoplastic cells. Apparently there
are a number of variants that can occur with neoplastic

2340 CANCER RESEARCH VOL. 29

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/29/12/2339/2385162/cr0290122339.pdf by guest on 19 M

ay 2023



STFÃ•^T *:-.-oÂ»|n->

transformation. Some of these represent drug-resistant forms,
either because the forms failed to utilize the drug and to
metabolize those to lethal intermediates or because some of
the new metabolic aspects include detoxification of the
drugs. It would be desirable to know a great deal more
about this from a fundamental biochemical, pharmacologie
point of view than we do at the present time.

Dr. Sartorelli then emphasized the point made by Drs.
Burchenal and Goldin, i.e., that the tumor cell burden is of
great importance in the treatment of cancer in man. In this
regard, it is not generally recognized that the age of the
tumor is important, in a biochemical sense, in terms of drug
responsiveness. 1-Formylisoquinoline thiosemicarbazone is an
example of this phenomenon, and Dr. Bertino has a similar
finding with Methotrexate. In Dr. Sartorelli's experiments, he

has found that the concentration of 1-formylisoquinoline
thiosemicarbazone required to inhibit in vitro the synthesis
of DNA by 50 percent in that fraction of the population of
transplanted neoplastic cells that is fabricating DNA is
increased with the age of the neoplastic cells, so that in
some experiments, with relatively old cells, up to twice the
amount of drug is required to inhibit DNA synthesis by 50
percent than is needed with young cells. Presumably this
finding is the result of a difference in either the environment
of the target enzyme or in the uptake of the drug, or to
some other factor in cells of different ages. Thus, in some
patients with large neoplastic masses, drugs may be admin
istered which are ineffective because of biochemical factors.
These same agents may be rendered useful if the tumor
burden were reduced prior to chemotherapy by an adjuvant
technic such as X-irradiation or surgery.

In his talk, Dr. Gelzer described his comparative studies (cf.
J. Gelzer and P. Loustalot Intern. J. Cancer, 2: 179-187,
1967) with transplan table and autochthonously growing
murine mammary tumors in C3H mice and in C57 black
mice. Even though the hosts were different, both of these
tumors had common criteria. Histologically, both are adeno-
carcinomas and exhibit a similar growth rate based on the
increase in tumor weight during the period of advanced
growth. Similar chemotherapy treatment regimens were
utilized in each case. Although one would anticipate marked
differences regarding the antigenicity of these two tumors,
there was a striking similarity in their respective sensitivity
to a large number of cancer chemotherapeutic agents. Only
one compound, 6-aminochrysene, was strongly active against
"spontaneously growing" mammary cancer in mice and

nearly inactive in most transplantable systems (J. Gelzer and
P. Loustalot, Europ. J. Cancer, 3: 79-80, 1967). These
findings clearly illustrate that no basically different chemo
therapeutic data can be anticipated, with few exceptions, by
switching from transplantable tumor systems to more
"human-like" spontaneous tumor systems.

We have been able to confirm the data of Dr. Gelzer and,
in addition, have found that several derivatives of 6-amino
chrysene, less lipid-soluble than the parent compound, are
effective on spontaneous mammary cancer but not in trans
plantable tumors of mice. These compounds are also effec
tive in decreasing the growth of a rhabdomyosarcoma slowly
growing in WAG rats.

Model Systems

I would like to lead the discussion of the paper by Drs.
Bergsagel and Park by stressing the point that we need new
tests for screening drugs. Perhaps it may be important to
concentrate not only on the growth of the tumor, but also
on other aspects which are important in determining the
final effect of the tumor growth which is represented by the
dissemination and formation of mÃ©tastases.We can detect,
for instance, certain drugs which are effective in preventing
dissemination of cancer cells even if the drugs have no effect
on the growth of the primary tumor. Triton WR 1339, for
example, is a non-ionic surfactant polymer which has the
ability to remain in the blood for many hours. This com
pound decreases the dissemination of Ehrlich ascites cells
transplanted intracerebrally (Rosso et al., Europ. J. Cancer,
5: 77â€”78, 1969). Furthermore, it decreases the mÃ©tastases
formed by Sarcoma 180 transplanted into the marrow cavity
of the tibia bone (Franchi et al., Intern. J. Cancer, 3:
765-770, 1968). It is not effective in decreasing the growth
of the same tumors transplanted subcutaneously. This
polymer is also effective in another model, the lung
mÃ©tastasesinduced by the Lewis lung carcinoma transplanted
intramuscularly. Perhaps we can obtain significant results on
dissemination of mÃ©tastaseswithout affecting the primary
tumor, and we may constitute a possible improvement in
models for detecting active drugs in animals.

Dr. Philips stated that models, of course, are good only so
long as they continue to be successful and to piovide leads.
The model which has served so well - the effective and

elegantly developed murine leukemia systems like those
employed by Dr. Goldin and others - seems to be choosing
classes of agents that are selectively active against cells in the
mitotic cycle. For the most part, such agents are inhibitors
of macromolecular synthesis. Because some success has been
achieved with agents so chosen, we are inclined to generalize
that inhibition of nucleic acid synthesis during the prolifera-
tive cycle is the only useful mechanism involved in selec
tively damaging tumor cells. This could be an error. It may
also be an error to suppose that inhibition of nucleic acid
synthesis is of prime importance in determining therapeutic
efficacy. For example, Dr. Goldin's group has shown that

dichloromethotrexate is far more effective in the treatment
of certain mouse leukemias than is Methotrexate. Why
should this be so? Both are potent inhibitors of folie
reducÃaseand, therefore, of nucleic acid synthesis. Therefore,
it is difficult to understand in terms of cell cycle kinetics
why the two agents should differ in therapeutic efficacy in
mouse leukemia systems. Obviously some other mecha
nism^) must be sought to account for the observed facts.
Whatever the correct explanation might be, it almost cer
tainly will have to deal with the key question of specificity
of action.

Dr. Philips continued by citing another example. Actino-
mycin D is clearly an inhibitor of nucleic synthesis and
must, therefore, have disturbing effects on cells in mitotic
cycles. Yet the spectrum of antitumor action of actinomycin
D is very different from that of any of the other so-called
cell cycle inhibitors. Thus the agent is highly effective in
some patients with Wilms' tumor but disappointingly ineffec

tive against leukemias. Correspondingly the agent is so highly
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selective against the Ridgway osteogenic sarcoma in mice
that the injection of a single, tolerated dose is sufficient to
destroy large, well-established tumors. Probably no other
antitumor agent is capable of this excellent chemothera-
peutic effect in the Ridgway tumor. Furthermore, actino-
mycin D is not comparably impressive in its effects on other
experimental tumors. What then is the reason for the
particular specificities of action of actinomycin D? A signifi
cant list of additional examples of unique specificities of
antitumor action, comparable to those cited above and most
of which remain largely unexplained, could, no doubt, be
compiled. Studies of the mechanisms involved could be
rewarding. In regard to our understanding of selective anti-
tumor responses in patients, such studies may have as much,
if not more, significance than investigations concerned with
cell-cycle kinetics.

Dr. Philips proceeded to say that there have been numerous
discussions in the past about the relative values of spon
taneous and transplanted tumors in detecting antitumor
activity, and the question remains unsettled. There have also
been lengthy discussions of the role of immunologie factors
in the chemotherapeutic response of various experimental,
and even of certain clinical, tumors. Again the issue remains
unsettled. Both of the above discussions may be wide of the
mark, for the kind of chemotherapeutic agents that have
been chosen up to the present may have selective activity
against certain kinds of cells, which is not based primarily on
the neoplastic nature of those cells. It seems more likely that
the selectivity is determined by the differentiated properties
of the tissues from which the neoplastic cells arose. Thus
lymphomas and leukemias derive from the hematopoietic
system, and they may have differentiated properties which
correspond to those found in the tissues of origin. The
mammalian hematopoietic system is highly susceptible to
nearly all current cancer chemotherapeutic agents; pre
sumably it is composed of cell types which do not tolerate
inhibition of nucleic acid synthesis for reasons which are still
not understood. Presumably neoplastic cells derived from
such cell types carry much the same liability toward
inhibition of nucleic acid synthesis. Current screening tumors
apparently select agents having this mechanism of action,
and there is much reason to suppose that they will continue
to do so. Does this necessarily give assurance that the same
agents will be effective against mammary tumors? Even
though the DNA of mammary tissue is the same as that of
other tissues, the capacity to disturb DNA may not be the
pertinent criterion for successful chemotherapeutic attack on
mammary tumors. It is interesting to learn (from Dr.
Garattini) that 6-aminochrysene derivatives are effective
against spontaneous mammary tumors in mice. It is quite
conceivable that this action has something to do with mam
mary differentiation regardless of whether the tumors are
spontaneous or are first, second, or later generation trans
plants. The neoplastic derivatives of mammary epithelium
can be expected to have certain specific properties inherited
from the parent tissue which are not found in tumors arising
from hematopoietic cells. An even better example is o,p-
DDD,1 ,l-dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)-
ethane, which was initially found to have cytotoxic effects

in cells of the adrenal cortex of normal laboratory animals.
In the course of time it was shown to induce regression in
some adrenal cortical carcinomas in patients. This may
illustrate the point that a model such as the LI 210 mouse
leukemia, which has a relatively high fraction of cells in
S-phase and a mitotic cycle of relatively short duration, may
be uniquely susceptible to inhibitors of nucleic acid biosyn
thesis or to agents that interact directly with DNA. By the
same token it may fail to detect agents which could act
deleteriously against processes found in more differentiated,
less proliferative cell types. It would not seem prudent to
assume that the LI 210 or its equivalent can be a model for
study of all conceivable chemotherapeutic actions.

I would like to add here that 6-aminochysene has been
tested in humans (Tagnon et al., Europ. J. Cancer, 3:
75-77, 1967). Dr. Tagnon and his coworkers obtained
encouraging results, but the drug was not well tolerated.

Dr. Sakurai briefly presented a study on a screening model
for the chemotherapy of lymph node metastasis of tumors.
In his model of lymph node metastasis, tumor cells which
were inoculated s.c. into the inner side of the thigh proxi
mate to the knee of a mouse or rat, metastasized mainly to
the lymph nodes and very slightly to the other organs,
without any ascites cell formation. Using this method, the
mean survival times of mice inoculated with L1210 and rats
with Yoshida sarcoma were 9 and 12 days, respectively.
Both tumors showed quite similar patterns of lymph node
metastasis. The size of the lymph nodes and 60-day survival

rates were examined after drug treatment.
As an example of application of this new screening model,

upon examination of the survival rate of Yoshida sarcoma-
bearing rats treated with NSC 84641 at various routes (10
mg/kg on Day 8 after s.c. inoculation), i.v. injection of this
compound was found to be most effective. (NSC 84641 is a
methanesulfonate of aminoglycol synthesized in Dr. Sakurai's

laboratory), In the same experiment, when the size of the
lymph nodes was examined on Days 10 and 13 after inocula
tion, it was found that the size also was considerably
reduced in the rats given the compound i.v., showing a good
agreement with the result of the survival rate. NSC 84641
(10 mg/kg) given the day after inoculation with mouse
leukemia L1210 caused more than a 60% increase in the
survival time by the fourth successive i.v. injection; marked
reduction in size of the lymph nodes was found when they
were assayed on Day 9 after inoculation.

Currently the effect of various antitumor agents on this
metastatic system is being examined in Dr. Sakurai's labora

tory. An interesting phenomenon was observed in some cases
in which the animals were inoculated with tumor cells
according to the current procedure. The animals survived
long after a single injection of the drug, but the tumor mass
at the inoculation site was still growing very slowly. When
the animals were killed 40 days after inoculation, it was
found that the size of the lymph nodes, which were pre
sumed to have had tumor metastasis before, had reduced
considerably, contrary to the large tumor mass at the inocu
lation site. In these animals, lymph nodes seemed to attain
an immunity by existence of tumor cells for a period of
time. Hopefully this screening method against lymph node
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metastasis may give information on the efficacy of drugs in
preventing lymph node metastasis and will indicate the best
route by which the drugs should be given.

In his talk Dr. Karrer mentioned that, with the drugs
available at the present time, progress in the chemotherapy
of solid tumors seems to be most reliable if the tumor mass
is small, as is the case in very early stages. Patients at these
stages are usually found only in the hands of the surgeons.
Only when the tumor is small enough to give a real chance
for chemotherapy can differences in the effectivenesss of
drugs and dose schedules be demonstrated. Differences in the
effectiveness of dose schedules cannot be shown clearly in
the advanced stages of solid tumors because the effectiveness
of chemotherapy is generally very poor in this situation. If
researchers want to reach more patients treated with
different drugs and doses, they have to convince the sur
geons of the value of chemotherapy in combination with
surgery.

The experimental models, Dr. Karrer continued, should
simulate as much as possible the clinical situation in order to
demonstrate the value of chemotherapy after the main part
of the tumor is removed by so-called "radical" surgery. If

the primary tumor is mostly or completely removed so that
the number of tumor cells remaining is very small, the
chances for the effectiveness of chemotherapy at this time
are not so poor as in the advanced stages of the disease. For
instance, the combination of surgery and actinomycin D
chemotherapy of Wilms' tumors increased the number of
2-year survivors from 40% after administration of surgery
and X-ray to 89% [R. G. Bourne, Clin. Radiol., 18:
379-382, 1967; S. Farber, J. Am. Med. Assoc., 198:
826-836, 1966; W. W. Stuow, Southern Med. J., 60:
254-256,1967].

Dr. Mihich discussed the validity of the models used in
cancer chemotherapy. The contribution of immunity by
chemotherapy in an experimental system is fine as long as
the observations are valid with respect to any parallel human
situation. In many cases, however, the contribution of
immunity may not even be recognized. This may be leading
to optimistic evaluation of drug effects in the animal model
system which may not be valid in man or in an autochtho
nous tumor system. Transplantation immunity, at least
in tumor graft systems, is not just a means of collecting cells
killed by drugs; it is an actual participation in the killing of
the cells. The fact that, in the experiments which have been
discussed here, the tumor was not rejected when implanted
in the cured mice may suggest that the animals were not
immune. However, one can overcome the response of the
host by increasing the size of the tumor inoculum. It is
possible that the size of the reimplanted tumor was too large
to allow detection of weak immunity reactions. One way to
exclude the participation of immunity in a therapeutic effect
on transplanted tumors is to test such effects in preirradiated
animals.

Dr. Hall's main comment had to do with the use (in a some

what more intensive way) of the models that researchers cur
rently possess. For example, there are very few studies, either
in man or the animal models, of what the precise histology of
the regressing tumor is. It might be possible by simple histo

logie means to determine whether or not there is differenti
ation, or karyorrhexis and direct cell death, or the type of
immune reaction which goes on with the aid of mononuclear
cells, and so on.

Similarly, in the models to which Dr. Philips referred where
in, for example, one tumor responded very well to actino
mycin D, you can implement the understanding of the
model by approaching it biochemically. Good evidence exists
that the difference between the tumors that respond to
actinomycin D and those that do not, whether they are
originally from the hematopoietic system or from some
other system, are pretty uniformly characterized by the
capacity to retain and to bind actinomycin D. This is not
unique; there is a great overlap between the capacity to bind
actinomycin D intracellularly by the sensitive tumor, and a
similar capacity to bind the vinca alkaloids, the Terephthal-
anilides. In specific drug-induced resistance there is a great
deal of collateral resistance accompanying this. Researchers
must look more deeply into the existing model to develop
the type of information which is relevant to the human
system.

Careful examination of currently existing models was
suggested by Dr. Hall as the best way to avoid merely
making a careful selection of patients to improve the thera
peutic response and to avoid toxicity. For example, an
alternative to putting a patient with AML, who is going to
be treated with Vamp (including the P for Prednisone) into a
protected environment, is to determine whether or not that
patient's particular tumor has the capacity to respond to

Prednisone. His group has given a single pulse of Prednisone,
the usual therapeutic dose, mg/kg, infusing it over a couple
of hours. It is then possible to see whether or not the
circulating leukemic cells, the blast cells in the marrow of
the patient, or the cells that are isolated from the malignant
effusion of the patient are inhibited in their DNA synthesis
as measured by incorporation of UDR or TDR into the
DNA. No patient who has shown a lack of substantial DNA
inhibition to Prednisone in vitro has responded clinically to
Prednisone in these experiments. The data thus obtained
may provide only a type of permissive information. For
example, given a spectrum of mouse tumors with varying
degrees of resistance to Methotrexate, which are given blind
ly, one can exclude those that will fail to respond to
Methotrexate merely by the incapacity of the cells in vitro
to transport the drug within the cells. The same thing can be
done in man. Methotrexate can be omitted as a potentially
therapeutically effective agent from any human patient
whose tumor cells in vitro do not transport and retain the
drug. The existing models should be examined carefully,
both biochemically and histologically, so as to allow treat
ment in such a way to prevent toxicity when it is unneces
sary and to increase drug effectiveness by identifying those
individuals in whom the drug may be effective.

Dr. Burchenal raised the question of what would be the age
of the ideal embryonic system. Drs. Karnofsky and Murphy,
working with the glutamine antagonist DON (6 diazo-5-oxo-
norleucine, were able to show that, at the time of implanta
tion, rat fetuses were about 500 times as sensitive to the
lethal dose of these drugs as were the mothers. As the fetus
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Chart 1. Incidence of 6-mercaptopurine (6-MP>induced regression of
S-180 in Swiss HalCR female mice following treatments which modify
the immunologie response of the host. For complete details of the
studies summarized see References 35. The experiments were con
tinued until all the surviving mice were free of tumors (10â€”12weeks).
Each point represents the incidence of regression for the number of
mice in parentheses; the vertical bars indicate the 95% confidence limits
of these values. The abbreviations are as follows: mkd, mg/kg/day given
i.p. once daily for 7 days starting the day after s.c. tumor implantation;
THYX, neonatal thymectomy performed within 5 days from birth;
FTH, cell-free homogenate of S-180, frozen-thawed 3 times, which was
administered alternatively s.c. and i.p. 3 times a week for 2 weeks, the
last injection being given about 2 weeks prior to tumor implantation
(the total amount of FTH injected into each mouse corresponded to
200 mg S-180 tissue); NS, serum from normal Swiss mice (0.3 ml was
injected i.p. to each mouse about 4 hours prior to tumor implantation);
HS, hyperimmune serum obtained from mice in which S-180 had
regressed 3 times, once following therapeutic treatments and twice
upon successive transplantation (HS was inoculated i.p. at the doses
indicated about 4 hours prior to tumor implantation); SPLEX,
splenectomy performed about 2 weeks prior to tumor implantation;
SHAM, sham-operations performed similarly to the corresponding
organ ablations.

doses of 6-MP are brought about by immunologie defenses of
the host. The incidence of these regressions can be modified
by treatments altering the balance between immunologie
enhancement of tumor growth and immunologie rejection of
tumor graft. The possibility that the therapeutic effects of
6-MP are due in part to an inhibition of the humoral antibody
reaction responsible for tumor enhancement has not been
explored.

Studies with Leukemia LI210

Leukemia L1210 is strictly a DBA/2-specific tumor in the
sense that it grows progressively only in DBA/2 mice and in F]
hybrids or backcrosses derived from them. Inoculation of as
few as 10 leukemic cells is lethal to 100% of the mice of this
strain (15). Immunologie responses against L1210 have been
demonstrated with or without the aid of chemotherapy in
(BALB/cAn X DBA/2)F, hybrid (CDBA) (7), in (C57BL/6 X
DBA/2) FI hybrid (BOF^ mice (26), and in backcrossed
[(DBA X C3H)F, X DBA] mice (25). In these backcrossed

mice the immunity obtained by pretreatment with irradiated
LI210 cells was relatively weak since it could be demonstrated
only in animals challenged with 10 cells or less. The basis for
these responses has not yet been clarified.

Immunity against LI210 could be recently demonstrated in
this laboratory with the aid of chemotherapy in the very
DBA/2 sublines in which the tumor was thought to be
compatible on the basis of transplantability tests (16). In
studies on the antileukemic action of bisguanylhydrazones,
50-day cures of DBA/2Ha-DD female mice were observed after
combined treatments with 4,4-diacetyl-diphenyl-urea-
bisguanylhydrazone (DDUG) and arabinosylcytosine (ara-C)
(15,17). At appropriate doses, the incidence of these cures was
higher than 50% in DBA/2Ha-DD mice, less than 20% in
DBA/2J mice, and less than 10% in DBA/2Cr mice (Table 1).
Although the DBA/2Ha mouse sublines have been kept
separated from other DBA/2 mouse sublines since 1943 (for
details see Ref. 17), and consequently LI 210 originated in 1948
in a different subline of the DBA/2 mouse (11), all the DBA/2
mouse sublines share the major H-2d histocompatibility
characteristics, and in each of them LI 210 grows progressively
upon implantation of 10 cells or less. Nevertheless, since
50-day "cures" were obtained in DBA/2 mice by chemo-

therapeutic means, and their incidence was different in the 3
mouse sublines tested, it is obvious that minor histocompati
bility differences have arisen among these sublines in the
course of many generations.

Table 1

Mouse subline

50-day survivors"

No./total

DBA/2Ha-DD
DBA/2J
DBA/2Q

68/119
15/92

1/19

57
16
5

Curative effects of 4,4'-diacetyl-diphenyl-urea-bis-guanylhydrazone

(DDUG) and arabinosylcytosine (ara-C) in DBA/2 female mice bearing
leukemia LI210.

^Counted from the day of i.p. inoculation of 1 X IO6 L1210 cells.
DDUG (30 mg/kg/day) and ara-C (10 mg/kg/day) were given i.p. in
combination once daily for 6 days starting the day after tumor
inoculation.

Immunologie reactions of the host were responsible for the
curative effects observed because (a) only prolongation of
survival without cures was seen in preirradiated animals, (Â¿>)
the "cured" mice were resistant to reinoculation of
successively increased numbers (1 X IO3 to 10 X IO6) of live

L1210 cells, and (c) this state of resistance could be
transferred to mice previously not exposed to LI 210 by the
inoculation of either serum or spleen cells from the
chemotherapeutically "cured" animals (16).

It is likely that the response of DBA/2Ha-DD mice against
LI210 is elicited in part by antigenic characteristics which are
not L1210 specific but are similar to those present in tissues of
other DBA/2 mouse sublines. This conclusion is based upon
the following set of observations: (a) reciprocal skin grafts
between DBA/2Ha-DD and DBA/2J mice are rejected (16); (o)
accelerated rejection of DBA/2J skin occurs in DBA/2Ha-DD

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/29/12/2339/2385162/cr0290122339.pdf by guest on 19 M

ay 2023



Model Systems

metastasis may give information on the efficacy of drugs in
preventing lymph node metastasis and will indicate the best
route by which the drugs should be given.

In his talk Dr. Karrer mentioned that, with the drugs
available at the present time, progress in the chemotherapy
of solid tumors seems to be most reliable if the tumor mass
is small, as is the case in very early stages. Patients at these
stages are usually found only in the hands of the surgeons.
Only when the tumor is small enough to give a real chance
for chemotherapy can differences in the effectivenesss of
drugs and dose schedules be demonstrated. Differences in the
effectiveness of dose schedules cannot be shown clearly in
the advanced stages of solid tumors because the effectiveness
of chemotherapy is generally very poor in this situation. If
researchers want to reach more patients treated with
different drugs and doses, they have to convince the sur
geons of the value of chemotherapy in combination with
surgery.

The experimental models, Dr. Karrer continued, should
simulate as much as possible the clinical situation in order to
demonstrate the value of chemotherapy after the main part
of the tumor is removed by so-called "radical" surgery. If

the primary tumor is mostly or completely removed so that
the number of tumor cells remaining is very small, the
chances for the effectiveness of chemotherapy at this time
are not so poor as in the advanced stages of the disease. For
instance, the combination of surgery and actinomycin D
chemotherapy of Wilms' tumors increased the number of
2-year survivors from 40% after administration of surgery
and X-ray to 89% [R. G. Bourne, Clin. Radiol., 18:
379-382, 1967; S. Farber, J. Am. Med. Assoc., 198:
826-836, 1966; W. W. Stuow, Southern Med. J., 60:
254-256,1967].

Dr. Mihich discussed the validity of the models used in
cancer chemotherapy. The contribution of immunity by
chemotherapy in an experimental system is fine as long as
the observations are valid with respect to any parallel human
situation. In many cases, however, the contribution of
immunity may not even be recognized. This may be leading
to optimistic evaluation of drug effects in the animal model
system which may not be valid in man or in an autochtho
nous tumor system. Transplantation immunity, at least
in tumor graft systems, is not just a means of collecting cells
killed by drugs; it is an actual participation in the killing of
the cells. The fact that, in the experiments which have been
discussed here, the tumor was not rejected when implanted
in the cured mice may suggest that the animals were not
immune. However, one can overcome the response of the
host by increasing the size of the tumor inoculum. It is
possible that the size of the reimplanted tumor was too large
to allow detection of weak immunity reactions. One way to
exclude the participation of immunity in a therapeutic effect
on transplanted tumors is to test such effects in preirradiated
animals.

Dr. Hall's main comment had to do with the use (in a some

what more intensive way) of the models that researchers cur
rently possess. For example, there are very few studies, either
in man or the animal models, of what the precise histology of
the regressing tumor is. It might be possible by simple histo

logie means to determine whether or not there is differenti
ation, or karyorrhexis and direct cell death, or the type of
immune reaction which goes on with the aid of mononuclear
cells, and so on.

Similarly, in the models to which Dr. Philips referred where
in, for example, one tumor responded very well to actino
mycin D, you can implement the understanding of the
model by approaching it biochemically. Good evidence exists
that the difference between the tumors that respond to
actinomycin D and those that do not, whether they are
originally from the hematopoietic system or from some
other system, are pretty uniformly characterized by the
capacity to retain and to bind actinomycin D. This is not
unique; there is a great overlap between the capacity to bind
actinomycin D intracellularly by the sensitive tumor, and a
similar capacity to bind the vinca alkaloids, the Terephthal-
anilides. In specific drug-induced resistance there is a great
deal of collateral resistance accompanying this. Researchers
must look more deeply into the existing model to develop
the type of information which is relevant to the human
system.

Careful examination of currently existing models was
suggested by Dr. Hall as the best way to avoid merely
making a careful selection of patients to improve the thera
peutic response and to avoid toxicity. For example, an
alternative to putting a patient with AML, who is going to
be treated with Vamp (including the P for Prednisone) into a
protected environment, is to determine whether or not that
patient's particular tumor has the capacity to respond to

Prednisone. His group has given a single pulse of Prednisone,
the usual therapeutic dose, mg/kg, infusing it over a couple
of hours. It is then possible to see whether or not the
circulating leukemic cells, the blast cells in the marrow of
the patient, or the cells that are isolated from the malignant
effusion of the patient are inhibited in their DNA synthesis
as measured by incorporation of UDR or TDR into the
DNA. No patient who has shown a lack of substantial DNA
inhibition to Prednisone in vitro has responded clinically to
Prednisone in these experiments. The data thus obtained
may provide only a type of permissive information. For
example, given a spectrum of mouse tumors with varying
degrees of resistance to Methotrexate, which are given blind
ly, one can exclude those that wul fail to respond to
Methotrexate merely by the incapacity of the cells in vitro
to transport the drug within the cells. The same thing can be
done in man. Methotrexate can be omitted as a potentially
therapeutically effective agent from any human patient
whose tumor cells in vitro do not transport and retain the
drug. The existing models should be examined carefully,
both biochemically and histologically, so as to allow treat
ment in such a way to prevent toxicity when it is unneces
sary and to increase drug effectiveness by identifying those
individuals in whom the drug may be effective.

Dr. Burchenal raised the question of what would be the age
of the ideal embryonic system. Drs. Karnofsky and Murphy,
working with the glutamine antagonist DON (6 diazo-5-oxo-
norleucine, were able to show that, at the time of implanta
tion, rat fetuses were about 500 times as sensitive to the
lethal dose of these drugs as were the mothers. As the fetus
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5. Gannirti

grew to parturition, its sensitivity became equal to that of development of new model systems suitable for the selection
the mother. There was interest in the applications of this, of new types of antitumoral drugs. It is very difficult to
especially from Dr. Peirce, since some companies who were establish which will be the ideal test, although it is unlikely
making the drug said it could not be done. Friedman et al. that a single test may be able to predict the ideal antitumoral
published data on the use of Azaserine as an excellent abortifa- drug. Perhaps any kind of experimental tumor may be useful
cient in dogs. When 2 daily injections are given 20 days after Â¡fÂ¿tÂ¡swell understood in many respects, such as in the
impregnation, the fetus is resorbed and the animal is returned kinetics of cancer cells, rate of dissemination and mÃ©tastases
to a normal state. Azaserine, therefore, is a potentially formation, immune and other reactions of the host, and
useful drug which has to be used very early in pregnancy. metabolism of the drug.

In conclusion, I believe that there is much ground for the
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