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Clinical Cancer Chemotherapy

The subject of the present state of cancer chemotherapy was
opened by Dr. Zubrod on a note of optimism. Significant
advances have been made in the clinical treatment of a number
of tumors over the last decade. Although it is inappropriate to
talk of therapeutic breakthroughs, in certain types of tumors
long-term survivors following chemotherapy are becoming the
rule rather than the exception. For instance, Dr. Burchenal
reported that about 180 patients with acute lymphocytic
leukemia are now alive after five years of drug treatment,
whereas previously few children could be maintained for more
than one year. With modes of treatment available in 1969, 80%
of such patients should now survive two years after diagnosis
of disease, and 20% live five years or longer.

Dr. Burchenal indicated that other successful areas of
chemotherapy included Burkitt's lymphoma and choriocar-

cinoma. There is a strong possibility that immunologie host
defense mechansims against virally induced tumors may play a
significant role in enhancing the response to chemotherapy. In
addition, since surgery and radiation are ineffective in these
malignancies, especially once mÃ©tastasesare demonstrable,
patients are referred earlier to the chemotherapist than with
other tumors, undoubtedly resulting in greater success.

Progress also has occurred in the treatment of Wilms' tumor,

and actinomycin D in association with surgery and radiation
now produces a large number of long-term survivors. Perhaps
8â€”10%of metastatic testicular tumors yield to chemotherapy
to produce a prolonged, complete remission. Drug treatment
in a high percentage of patients with Stage III and IV
Hodgkin's disease results in complete remission which is

long-lasting.
Dr. Frei discussed the problem of when to terminate

chemotherapy. If a resistant population has emerged, or if the
tumor cell population has been eradicated, drug administration
should be stopped either to initiate therapy with more
effective agents or to prevent further toxicity. He also pointed
out that patient selection influenced the results of chemo
therapy. For instance, treatment of melanoma with dimethyl-
triazineimidazole carboxamide produced a higher remission
rate in female than in male patients. Nevertheless, even though
the incidence of success may be limited, such a result is of
major importance for the individuals responding favorably.
Thus, based on the heterogeneity of the diseases of cancer, it

may be unreasonable to expect categorical success until we can
better understand some individual variations in our present
classification of tumors.

From a review of the literature, Dr. E. Henderson confirmed,
as had been generally suspected, that drugs in combination are
of greater clinical value than agents used alone. There have
been virtually no concurrently controlled studies to answer
this question in man, as occasionally has been demonstrated in
animal models. Instead, most studies of combination chemo
therapy are compared to recent historical controls, often at
the same institution. For instance, in neuroblastoma, the use
of vincristine alone yielded complete remissions in 5% of cases,
whereas vincristine plus cyclophosphamide raised this value to
56%. In Stage IV of Hodgkin's disease, the single agents alone

produced complete remission in 9â€”58%of the patients, while
combination chemotherapy produced such benefits in
63â€”81%of the patients. Furthermore, single agents produced
remission in 8â€”21%of patients with lymphosarcoma, whereas
combination chemotherapy was effective in 35â€”47% of the
patients. In other tumors, however, the results are not as
clear-cut, as emphasized by Dr. Young. For testicular car
cinoma single agents and combination therapy produced
complete remissions in 23-25% and 7â€”56%of the patients
respectively. In acute lymphocytic leukemia in children (for
which the most data are available) following induction of
remission by vincristine and prednisone, 6-mercaptopurine
(6-MP) and Methotrexate given alone produced unmaintained
remission of approximately equal magnitude, while cyclophos
phamide was slightly less effective. However, the three drugs in
combination were superior to any of them given individually
and were also superior to Methotrexate and 6-MP administered
together. When treatment was continued until frank relapse,
6-MP alone gave 110 days of complete remission, whereas
combination therapy with 6-MP, vincristine, and prednisone
provided 220 days of complete remission. In one controlled
study, when treatment was stopped after 8 months,
Methotrexate alone yielded 315 days of remission, whereas
Methotrexate plus vincristine and prednisone yielded 480 days
of remission.
At the National Cancer Institute, the survival of children

with acute leukemia over the past 13 years also suggests that
combination chemotherapy has improved survival. In 1956 the
median survival was found to be just over 6 months; in
1960â€”1961 it was approximately 12 months; in 1964, after
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The Present Status of Cancer Chemotherapy

combination protocols had been initiated, the median survival
was 30 months; and in 1965 it was at least 36 months. Formal
proof of the increased effectiveness of combination chemo
therapy for responsive tumors today will probably never be
obtained because of the strong clinical impressions that
combinations surpass drugs used singly.

The combination protocols have been developed usually on
an empirical basis, without knowledge of drug action or
physiologic disposition, largely because of lack of availability
of this information for man and often even for animal models.
One general principle which has guided some of the com
bination studies has been the concept that independent host
toxicity should allow for the use of full doses of each drug
and, therefore, should yield better therapeutic response. The
complexity of problems of combination chemotherapy, such
as drug interactions and induction of drug metabolizing
enzymes, has not been studied sufficiently.

One interesting aspect of combination chemotherapy in
acute leukemia has been the use of the unmaintained remission
as a measure of drug effectiveness. In such a study, the
assumption has been made that the leukemic cells have a
doubling time in the order of 4-6 days. A single leukemic cell

then should yield a mass of leukemic tissue consistent with
that seen in relapse at approximately 160 days. After intensive
combination therapy, it is clear that patients stayed in
remission without evidence of tumor and relapsed after
durations of longer than 160 days. This observation suggests
that the tumor cell population was being decimated and that
up to several kilograms of tumor cells were being destroyed.
Thereafter, however, the residual tumor population was
responsible for the reinduction.

It became clear from the discussion that clinicians had lost
none of their enthusiasm for the progress of chemotherapy,
but the basic scientists were concerned about the slow rate of
clinical progress and the lack of rational approach relying on
an exploitable difference between tumor and normal cells. A
major difficulty of treating tumors in a clinical situation exists
when there is no guide for measuring tumor growth. Dr.
Burchenal pointed out that, in the six forms of neoplastic
disease in which some measure of success had occurred, tumor
growth was amenable to either direct or indirect measurement.
Dr. Holland noted the effective use of survival time and
remission duration as indices of tumor destruction.

Role of Cell Kinetics in Therapy

Many of the speakers pointed out that success in clinical and
laboratory animal chemotherapy occurred mainly in those
tumors which were rapidly proliferating, that is, tumors with a
high "growth fraction." These tumors are characterized by a

high mitotic index, very few G0 (nonproliferating) cells, and a
large cell fraction in the S (DNA synthesis) phase.

The contributions of most of the model systems used in
cancer chemotherapy, ranging from cell-free systems in vitro
to models providing successful therapy in man, were reviewed
by Dr. Skipper. A major problem in the clinical study of
slow-growing human cancer is the long period required to
obtain meaningful results. The most common model describes
the interrelationships of compartments of cells which are

dividing (i.e., the GÃŒ,S, Gj, or M stages), temporarily
nondividing (the G0 stage), and those which have lost
proliferative ability. It is generally believed that a large
fraction of tumor cells are in a GO state in which they are
viable but do not participate in the mitotic cycle. Dr. Skipper
pointed out that all the animal tumors which respond poorly
to conventional chemotherapy have a low pulse thymidine
index, a relatively long doubling time (but not necessarily a
long generation time), and a very low growth fraction. Dr.
Skipper suggested that a new type of model system is now
needed which will permit the chemotherapeutic approach to
the manipulation of nondividing but viable cells in solid
tumors.

Dr. Schabel reported that, as transplantable or spontaneous
solid tumors in animals increased in size, mass doubling time
became progressively longer, but the mean generation time of
those cells actually in cell cycle division remained constant.
Thus the growth fraction of viable tumor cells decreased.
Concomitantly, the sensitivity to cell cycle-specific drugs, such
as the antimetabolites 6-MP or cytosine arabinoside, decreased.
On the other hand, cell cycle-nonspecific drugs, such as the
alkylating agent cyclophosphamide, were still able to kill a
significantly large fraction of viable tumor cell populations in
spite of the low growth fraction.

Following the destruction of a large fraction of the viable
tumor cell population, the growth fraction increased, and
sensitivity to antimetabolite drugs was enhanced. Based on
these concepts, treatment of solid tumors sequentially with
highly reactive cell cycle-nonspecific agents followed by cell
cycle-specific drugs was shown to be curative in adenocar-
cinoma 755 in mice. Maximum tolerated doses of either agent
alone on the same therapy schedules did not cure the animals.
Similar improved therapeutic response in plasmacytoma 1 in
hamsters was observed using a cell cycle-specific agent
following a highly reactive cell cycle-nonspecific drug.

Dr. Mueller reported his recent studies on the conversion of
resting cells to those actively synthesizing DNA. Nuclei
isolated from Hela cells taken during the S phase were capable
of DNA synthesis and produced a 10 S segment of DNA which
then apparently became joined to form a 30 S unit and
chromosomal DNA. Nuclei taken from cells in GÃŒphase did
not undergo DNA synthesis. During the S phase, cells also
synthesized histones very briskly, and this process appeared to
be very tightly linked to DNA synthesis involving a micro-
somal 8 S messenger RNA. Thus, when DNA synthesis was
halted, histone synthesis ceased, and coincidentally the 8 S
RNA disappeared. Dr. Mueller is attempting to elucidate the
biochemical events which trigger the S phase and DNA
synthesis in cells so as to make them more susceptible to
anticancer agents.

Dr. Mendelsohn pointed out that the driving force for growth
of tumors is characterized by two parameters: the cell cycle
time and the coefficient of variation of the cell cycle time. The
average cell cycle time ranges from about one-half day for
LI 210 and Sarcoma 180 to several days for human ascites and
solid tumors. With the spontaneous C3H mammary tumor, the
variation of the cell cycle time seems to be largely a cellular
variation, whereas the population or intertumor variation is
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very low in spite of divergence in growth and morphologic
characteristics.

As ascites tumors grew and matured they increased their cell
cycle time, whereas in the solid tumors cell cycle time was
relatively constant and independent of tumor volume. In both
situations the growth fraction decreased. These observations
suggested that tumor cell proliferation was controlled by a
negative feedback process in aging ascites cells and in solid
tumors. This negative feedback process could involve a growth
inhibitor, depletion of nutrients, limitation in blood supply, or
differentiation of tumor cells. An increase in susceptibility to
cell cycle-specific anticancer agents might result if destruction
of some tumor cells could temporarily release the remaining
cells from feedback inhibition, and if the surviving cells were
to have a shorter cycle time.

In spite of many efforts, Dr. Mendelsohn felt there was still
little information on the conversion from nonproliferating to
proliferating cells in solid tumors. This process is of great
importance because nonproliferating cells are impervious to
treatment with cell cycle-specific drugs. Cell loss, due either to
cell migration or mainly to cell death, retarded the doubling
time of large tumors. Death involved proliferating and nonpro
liferating cells, and the net effect of a drug on cell mass
became a function of its action on the growing cells, on those
in GO, and on the rate of cell loss. Because of the reversible
passage of G0 cells into other compartments, actively growing
cells might therefore be treated with halogenated pyrimidine
derivatives to make them more sensitive to radiation when
they revert to the G0 stage. In addition, proliferating cell pools
consist in part of clonogenic or stem cells which make up only
a small portion of the tumor population but which differ from
the rest in their ability to produce a tumor. Very little
information is available on the kinetics of the clonogenic cells.
In an overview, Dr. Mendelsohn suggested that the best
strategy for chemotherapy rested on tumor cell kinetics,
especially for clonogenic cells, and required procedures for
destroying cells while in G0 phase, or converting them to a
more drug-sensitive stage.

Dr. Bergsagel presented further evidence related to clono
genic and nonclonogenic populations of cells in tumors. In
mouse tumors with a rapid growth rate, including leukemias
L1210 and P388, up to 50% of the population may be
clonogenic cells, whereas tumors with a slow growth rate, such
as the adenocarcinoma 755 and the Adj. PC-5 myeloma, have
a fraction of stem cells as low as 0.1%.

A variety of technics may be used to isolate and identify
such clonogenic cells. The limiting dilution assay for tumor
stem cells is the most commonly used method. A great need to
identify clonogenic cells in experimental tumors still exists.

Dr. Bruce described a chemotherapeutic strategy based on
the survival of individual tumor cells. The end point dilution
assay system had been selected to count clonogenic cells. After
exposure of the cells to increasing concentrations of a drug,
the tumor cell survival curves were exponential over several
magnitudes of drug concentration or duration of exposure.
Drug combinations could be evaluated for synergism in the
same manner, and it was possible to determine the optimal
time intervals between repeated treatments. Host toxicity was
examined for the same drug schedules. Drugs, preferably in
synergistic combinations, are being employed for chemo

therapy at doses corresponding to the steepest portion of the
survival curves to achieve the maximum reduction of
malignant cells for the minimum drug exposure and host
toxicity, and they are given repeatedly before the tumors have
grown substantially but after the host has recovered from
previous treatment.

There is still a critical need for the development of methods
for assaying the malignant stem cells from spontaneous animal
and human tumors for comparison with transplanted animal
tumors. Dr. Bruce's approach is empirical in that it does not

depend on elucidating biochemical pathways or explaining cell
survival curves, but it may reveal optimal choice of drugs, drug
combinations, and dose scheduling for the treatment of human
tumors.

Dr. Karrer provided an example of the need for early
treatment with sufficient doses of drugs given at repeated
intervals to assure effective chemotherapy of the Lewis lung
carcinoma. This tumor system offers an unusual opportunity
for chemotherapy because the primary tumor may be removed
surgically at desired times after implantation into the leg of a
mouse, and regrowth of primary tumor cells at the site of
amputation and of mÃ©tastasesin the lung may then serve as
therapeutic models. Drug treatment may partly damage tumor
cells which may then be killed by the host or may recover,
depending on the effectiveness of the dose schedule.
Difficulties in defining the number of tumor cells lethal for the
organism were also described.

Emphasizing the need for early therapy, Dr. Holland
suggested that remission induction, by drastically reducing
tumor mass, renders the tumor biologically equivalent to a
newly diagnosed early tumor.

Dr. Rail reviewed the successes and failures of cancer
chemotherapy and suggested that successful chemotherapy
could be related to the following factors: (a) the extent of
the disease, since advanced disease implies a large number of
cells, greater localization in sanctuaries, and a larger nonpro
liferating fraction; (Â¿>)an accurate index of the proliferating
pool of tumor cells; (c) availability of a relatively safe
remission-inducing agent; (d) treatment during remission,
probably with several drugs having different host toxicities;
and (e) choice of drugs based on proliferation state of tumor
cells.

A kinetic interpretation of recent clinical data on chemo
therapy for advanced bronchiogenic carcinoma showed that
chemotherapy could increase survival in a significant manner,
and that cyclophosphamide appeared to be killing nonpro
liferating as well as proliferating tumor cells. The need for
close cooperation between surgeons and medical chemo-
therapists in the treatment of common carcinomas was
emphasized. Removal of 99.9+% of such a tumor by surgery
might correspond to the successful induction of remission in
acute lymphocytic leukemia in children. Intensive chemo
therapy, probably courses of cell cycle-nonspecific drugs
followed by cell cycle-specific agents, should be attempted to
eradicate the residual tumor.

Methods of Exploitation of Possible Tumor-Host Differences
for Chemotherapy

EndocrinologÃ¬eApproaches. Since sex steroids are capable of
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stimulating growth and cell division, the combined use of
steroids with antimetabolites is being evaluated in hormone-
dependent tumors to increase the sensitivity of the cells to
antimetabolites effective only against actively proliferating
cells. It is likely that bone marrow and gastrointestinal tract
will be less sensitive to the stimulation, according to Dr. Hall,
thereby increasing the selective toxicity to the tumor cell.

If a reported prolactin excess occurs in patients with breast
cancer, Dr. Hall suggested that specific antiprolactin drugs
might be useful in chemotherapy. Aminoglutethimide
apparently interferes with steroid synthesis, and its value in
the treatment of certain hormone-dependent tumors should be
investigated. Steroid antagonists might replace adrenalectomy
or hypophysectomy when severe illness prevents these pro
cedures in the treatment of advanced breast cancer. Dr. Hall
also advocated investigations of the conditions during which
steroids might increase host resistance to the tumor or to the
toxicity of other drugs.

Dr. Lipsett commented on the importance of understanding
the biochemical and other differences between those breast
cancer cells which respond to sex steroid deprivation, as
produced by ablation, and those which are resistant to the
effects of surgery. Some apparent biochemical abnormalities
have been reported to exist in women with breast cancer, and
a simple tool for early diagnosis would be most welcome.

Dr. Lipsett proposed that the hormonal environment of
endocrine-dependent tumors increased the fraction of cells
entering the proliferative cell pool, thereby increasing suscepti
bility to cell cycle-specific drugs like fluorouracil or Metho-
trexate, and perhaps even leading to greater synchronization of
cell cycles, again with beneficial therapeutic implications. In
other cases where hormones cause tumor regression, the rate
of cell loss was increased, and cell cycle-nonspecific agents
such as alkylating agents might be used in combination
therapy with the steroids.

The discovery of estrogen receptors in those tissues which
respond to estrogen provides further opportunities for chemo
therapy. Drugs which bind to these receptors might prevent
estrogen activity completely and produce longer remissions in
breast cancer than are possible today. Since kidney, liver, and
bone marrow have no such receptors, the likelihood of
selectivity of action is increased. It may be possible to destroy
the receptors with radioisotopes or alkylating groups attached
to estrogens, or by producing antibodies against these
receptors.

Nutritional Approaches. Dr. Bert ino described earlier
attempts of obtaining selective chemotherapy by depletion of
dietary nutrients. These procedures had been of limited value
largely because of toxicity. Body deprivation of several
nonessential amino acids (glutamine, serine, glycine, cysteine)
might still be explored for selective antineoplastic effects, as
suggested by the results with asparaginase. Analogs of these
amino acids may also be valuable.

Vitamin deficiencies or the administration of vitamin analogs
generally do not produce identical results, possibly because of
factors relating to cellular uptake of the analogs. Riboflavin
deficiency should be further explored for selective anti-
lymphoma activity, and deficiencies of folate, pyridoxine, and
vitamin BJ2 may also have further therapeutic potential.

Analogs may be used in conjunction with the induced vitamin
deficiencies to enhance effectiveness and possibly to produce
more selective action against the tumor. Dr. Bertino also
described the use of "rescuing" agents to selectively overcome

toxicity, but not carcinostasis, or to provide certain nutrients
which enhance the other metabolite deficiencies or which by
increasing tumor growth make the malignant cells more
vulnerable to inhibition of DNA synthesis.

Quantitative tissue differences in metabolite levels or require
ments, and the success achieved with such agents as Metho-
trexate and asparaginase imply that additional interference
with nutritional peculiarities of tissues may still be of
chemotherapeutic value. Dr. Nichol suggested attempts to
limit the availability of nutrients for which individual tumors
have unusual requirements, or those which prevent cytotoxic
action in the tumor. Certain normal metabolites are known to
be cytotoxic, while others may produce cell differentiation
possibly transforming malignant cells into normal cells.

Biochemical and Pharmacologie Approaches. The mechanism
of permanent tumor remission normally involves the
eradication of all, or almost all, malignant cells. This purpose
has been thwarted by the fact that most carcinostatic agents
are too nonselective and demonstrate toxicity which limits the
use of more effective doses. Dr. J. F. Henderson described
various factors affecting selective toxicity of anticancer agents
which have, in the past, limited their usefulness. Because of
the relatively low therapeutic indices of most of the drugs,
knowledge is required of the mechanism of action of the
specific drug and the biochemical properties of the tumor for
the most effective therapy, so that biochemical assays can be
used to predict optimal clinical application. Individual
variations associated with physiologic disposition of the drug
(route, dose, schedule of administration), and alterations and
heterogeneity in the biochemistry of tumor cells (primary
versus metastatic cells, species, characteristics of the cell
cycle), as well as their number and location, must be
recognized. An understanding of the role of the host (age, sex,
nutritional status, disease) is also needed to maximize
pharmacologie usefulness. This type of information is only
rarely available. Animal studies, including the screening
systems, have provided drugs with considerable carcinostatic
properties; the additional biochemical and pharmacologie
knowledge regarding the host-tissue-drug relationship is
required for the most rational treatment of a particular tumor
clinically.

Dr. LePage described additional approaches of exploiting
differences between tumor and host on a biochemical level.
The role of circadian rhythm in toxicity has received con
siderable study, and if tumor cells are less responsive to the
rhythm, as has been suggested, the therapeutic ratio might be
enhanced by revised drug scheduling. Similarly, corticoids may
be used to selectively depress the cellular activity of such
tissues as bone marrow, which would then become less
sensitive to cell cycle-specific drugs, whereas the tumor, which
apparently does not respond to the steroids, would have
unaltered sensitivity. Knowledge of the biochemical effects of
drugs and the timing of specific cellular events should be used
in the scheduling of drugs in combinations so that maximal
enhancement is possible. Differences in enzyme activity of
normal and tumor tissue may suggest chemotherapy with
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those drugs which would be more readily detoxified in normal
tissue or more extensively anabolized to toxic products in
tumors. For example, adenosine analogs containing abnormal
sugars are less toxic to adenosine deaminase-rich bone marrow
and gastrointestinal tract than they are in enzyme-deficient
tumors. Ascertaining and exploiting such differences in clinical
situations should provide a rational approach to greater
selective toxicity.

Dr. Nichol stressed the need for additional information on
the various parameters of chemotherapy required for optimal
administration of anticancer agents to take advantage of
possible tumor-host differences. Newer physical technics and
computers will be of increasing assistance in this regard. A
recent computer model system has been programmed by
Werkheiser to consider rates of Methotrexate absorption,
tissue penetration, and excretion; the rate of synthesis of
dihydrofolate reducÃaseand the rate of breakdown of the free
and drug-bound enzyme ; the Km and Vmax of dihydrofolate
reducÃase and thymidylate synthetase; the cellular content of
dihydrofolate reducÃase and tetrahydrofolate ; the critical
tetrahydrofolate concentration for thymidylate synthetase;
and the cell generation time and the duration of the S phase.

Dr. Goldin showed data indicating that drugs are most
effective if the tumor population is small, and thus selectivity
of action is increased if treatment can be begun early. The
effect of the drug on the host must be evaluated as must that
on the tumor, and spacing and selection of proper doses can
produce a considerable increase in the therapeutic index. Drug
combinations have been of great value; for instance, once the
tumor cell population had been reduced by 1,3-bis(2-chloro-
ethyl)-l-nitrosourea (BCNU), cytosine arabinoside proved to
be more effective. For those drugs which act during the S
phase of the mitotic cycle, synchronization of tumor cells by
demecolcine may explain the increased sensitivity to cytosine
arabinoside, depending on its schedule of administration;
apparently the normal host cells were not similarly synchro
nized. Another approach is to attack those cells resistant to, or
not reached by, one drug with another given concomitantly
(Methotrexate plus BCNU for meningeal infiltrations). Other
successful means of increasing carcinostatic effectiveness have
included co-administration of other anticancer agents of
widely differing toxicity and action (BCNU and Methotrexate)
or of rescue agents which protect the host, while leaving
carcinostatic action unimpaired (citrovorum factor and Metho
trexate). The increased sensitivity to drugs of an emerging cell
population resistant to another agent is another approach
which should be more fully developed.

Some additional suggestions involving combination chemo
therapy were raised by Dr. Sartorelli. For example, the action
of 6-MP may be potentiated by co-administering an adenine
analog also convertible to the nucleotide level; both of the
resulting metabolites should then inhibit de novo purine
biosynthesis by acting at different allosteric sites of the same
enzyme. Various examples of sequential inhibition of bio
chemical pathways involve the formation and function of
macromolecules. For instance, the combinations of
actinomycin and RNase should exaggerate the deficiency of
RNA; a DNA-crosslinking alkylating agent and an inhibitor of
DNA synthesis, such as fluorouracil, should greatly reduce

functional DNA; and a cytotoxic agent in the presence of a
drug increasing cellular permeability should potentiate the
growth-inhibitory response. The effect of such combinations
on selectivity is unknown but should be investigated.

Dr. Handschumacher discussed characteristics of tumor cells,
other than the selection of drug-resistant cells, which may
account for failure of drug activity. Adaptive changes in the
target pathway, resulting from derepression of enzyme
synthesis, occasionally overcome carcinostatic actions of
drugs. The relative ability of normal and tumor cells to adapt
to a toxic effect of a drug by derepression or repression may
be exploitable for chemotherapy. Additional study should be
focused on the cellular membrane, since malignant trans
formations usually involve loss of contact inhibition. The use
of amino acid analogs to limit synthesis of asparagine should
prevent cross-feeding by normal cells of asparagine-dependent
tumor cells and should enhance the effectiveness of aspara-
ginase. The enzyme consists of subunits, and if enzymatically
active, these subunits when administered might distribute
more favorably near the tumor cells, thereby reducing cross-
feeding and probably diminishing antigenicity.

Differences in biochemical pathways may offer another
exploitable approach for selective toxicity but may also
overcome the inhibitory action of anticancer agents. Dr. Potter
described the availability of alternative pathways for thymidine
triphosphate formation dependent on circumstances which at
the present time are not understood. Tumor cell differentia
tion may be such a condition. Thus, thymidine triphosphate
may be produced: (a) from thymidine by salvage of DNA
catabolites; (Â¿>)by methylation of deoxyuridylate; (c) by
deamination of 5-methyldeoxycytidylate; or (d) perhaps by
reduction of ribothymidine derivatives. Knowledge of the
routes of metabolism thus may be helpful in increasing
selective toxicity.

Dr. Busch has been attempting to interfere selectively with
tumor DNA histones and has examined the composition of a
glycine- and arginine-rich histone of tumor DNA. His program
includes the synthesis of analogs to such a histone which
would modify gene function. Chemical alterations in low
molecular weight nuclear RNA fractions from tumors may
lead to inhibition of functional regions of DNA. The
possibility of differences between tumors and other tissues in
composition of specific regions of higher molecular weight
nuclear RNA is being examined as another potential approach
to chemotherapy.

Biological and Clinical Approaches. Dr. Leighton described
the growth of tumors as highly organized interactions of cells
taking place at many levels and involving alterations in vascular
architecture, endothelium, connective tissue, basement
membranes, and the packaging of tumor cells. Opening of the
vascular bed by treatment with particular drugs might allow
greater penetration of carcinostatic agents into the tumor;
inhibition of vasoproliferation and nutritional deprivation, on
the other hand, may limit tumor growth. Similarly, chemo
therapy might be directed at the interstitium which separates
tumor parenchyma and the vascular supply. Drug treatment
aimed at the various levels of tumor propagation, combined
with the more customary tumor cell inhibitors, may provide
greater carcinostatic effectiveness. Such drugs are available and
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open a new dimension in the selective therapy of a developing
tumor system.

Dr. Perry described means of reducing toxicity of carcino-
static drugs to permit greater chemotherapeutic benefits.
Toxicity of anticancer agents is most characteristically
directed at the bone marrow or the gastrointestinal tract. This
problem has been alleviated by platelet transfusion which has
reduced the incidence of fatal hemorrhage in leukemia from
67% to about half that value. Unsolved problems include
platelet procurement, erratic donor availability, and platelet
preservation. Leukocyte transfusions, to protect against the
increased incidence of secondary infections by pseudomonas
and other microorganisms whose growth is facilitated by the
drug-induced granulocytopenia, have not yet reached a satis
factory stage of usefulness. Although the procurement and
preparation of granulocytes for transfusions have become
more feasible, preservation of these cells is still a problem.
Recent studies indicate that selection of histpcompatible
donors on the basis of histocompatibility leukocyte antigen
typing for both platelets and leukocytes may result in better in
vivo recoveries and survival of the transfused cells. Various
procedures are being evaluated for keeping patients undergoing
intensive chemotherapy in a sterile environment to reduce the
risk of infections by endogenous and environmental micro
organisms.

Role of Immunology in Therapy

The contribution of immunity to the therapeutic effects of
drugs was considered by several speakers. Dr. Mihich presented
data on various aspects of the interaction of the immune
system, chemotherapeutic agents, and long transplanted
tumors Sarcoma 180 and LI 210. Although such studies may
contribute relatively little to our understanding of the effects
of chemotherapeutic agents on the host-autochthonous tumor
relationship, they are of considerable interest to those involved
in evaluating chemotherapeutic agents in transplantable tumor
systems. In the LI210 system, the percentage of cures in
three DBA/2 sublines was attributable to minor histocom
patibility differences, even though the tumor invariably grew
and killed the mice with implants of as few as 10 cells.
Instances of apparent therapeutic synergism were cited in the
LI 210 system with cytosine arabinoside and isoquinoline
5-carboxaldehyde thiosemicarbazone; however, when the
immune component was removed from the system, the effect
of the drug was no more than additive. The results presented
certainly indicate that the chemotherapist must be aware of
the contribution of immune phenomena to the overall
therapeutic effect even when antigenic disparity between host
and tumor is subtle.

Dr. Burke reported on a model system developed in mice
which is just being extended to man. In principle, an agent is
selected which is known to have both antigenic (or haptenic)
activity and which has a preferential localization in neoplastic
rather than in normal tissues. An antiserum is prepared against
this substance, if necessary after conjugation to a carrier.
Anti-carrier activity is removed by adsorption with carrier
alone. The agent is then injected and allowed to clear from the
bloodstream. At this time its greatest concentration is in the
tumor. The antiserum is then injected. When it reacts with the

agent on the tumor cells it causes an intense Arthus-like
inflammatory response which destroys many of the tumor
cells. In the studies reported, a nitrogen mustard was used, but
in principle any agent, with or without chemotherapeutic
effect, could be selected provided it localized readily in the
tumor to be treated.

Dr. Klein reported on the beneficial effects of delayed
hypersensitivity induced by topical application of 2,3,5-tri-
ethylene-iminobenzoquinone. By titrating the challenge dose
carefully, the reaction could be confined almost entirely to the
sites of neoplastic involvement with little or no reaction in
adjacent normal tissue. Such treatment resulted in the
resolution of superficial basal cell carcinomas, squamous cell
carcinomas in situ, premalignant kÃ©ratoses,and leukoplakia.
The hypersensitivity could be transferred with peripheral
leukocytes from sensitized to nonsensitized patients with
resulting tumor resolution. In patients with multiple
superficial epitheliomatosis, simultaneous treatment with
2,3,5-triethylene-iminobenzoquinone and dinitrochloro-
benzene led to reactions of markedly enhanced intensity in
tumors at concentrations at which the agents separately
produced no apparent reaction in normal or neoplastic cells. It
was not resolved whether the removal of neoplastic cells by
immune challenge reaction is related to qualitative or quantita
tive differences in the antigenic composition of normal cells
and their malignant and premalignant counterparts, or to a
proportionately greater access of the sensitizer to neoplastic
rather than normal cells. Nevertheless, the utilization of
delayed hypersensitivity evoked by a simple chemical in the
management of neoplastic lesions appears to offer a new
approach to the management of disease.

Dr. Weiss, in setting the stage for a discussion of the mouse
mammary tumor model, addressed himself to the anomaly by
which neoplastic cells survive and proliferate in what should be
a hostile environment. Among the several possibilities, he
mentioned that neoplastic progression may be a manifestation
of an underlying general immunologie deficiency, or it could
represent a specific defect in immunologie surveillance with
respect to tumor specific antigens. In addition, factors
modulating immunologie recognition may play a role in
neoplastic progression. Relatively minor variations in the
properties of antigens, and the dynamics of sensitization, may
determine whether antigenic recognition leads to immunologie
enhancement or tolerance on the one hand, or active
responsiveness and destruction on the other. These con
siderations were illustrated by examples from the spontaneous
mammary tumor model. In this system two independent
categories of antigens were found to exist. One category of
cross-reactive antigens was possessed by all tumors containing
mammary tumor virus (MTV). These antigens were difficult to
demonstrate, presumably because of immunologie tolerance,
and were most probably virion components. Evidence also
existed for a second class of virus-independent antigens,
demonstrable in MTV-tolerant animals. Within both major
categories, distinct antigenic subgroups were shown. A solid
understanding of how the expression of individual antigens
within these subgroups impinges on the expression of each
other was believed to be crucial in attempting to interfere
therapeutically with tumor progression.
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Dr. Prehn, interested in the problem of immunologie
surveillance at the macroscopic level, reported on the regres
sion of skin papillomas in immunologically controlled environ
ments. Papilloma development was initiated by 3-methylchol-
anthrene in BALB/c mice. The carcinogen-treated skin was
grafted to isogeneic recipients that had received specific
treatments designed to alter their immunologie reactivity. The
dynamics of papilloma regression were entirely consistent with
the projected immunologie resistance of each group; the
lowest regression rate was observed in animals most com
promised immunologically. Although more carcinomas
occurred in the immunologically impaired mice, the increased
incidence could be attributed entirely to the greater number of
papilloma days at risk for progression in these animals. The
data suggest that immunologie surveillance may operate at the
macroscopic level, but only in a nonselective way without the
ability to distinguish between papillomas with differing
malignant potential. An additional suggestion from the data
was that antigenicity and malignant potential may be
independent in skin papillomas.

The Design of New Carcinostatic Drugs

One of the more important approaches for more successful
chemotherapy certainly is the preparation of new drugs that
are more sufficiently selective against the tumor cell. The
testing of about a quarter million chemical compounds and
preparations against model tumor systems, mainly by the
Cancer Chemotherapy National Service Center, has revealed
the relative effectiveness of certain classes of drugs, such as
alkylating agents and antimetabolites, but has also indicated
unexpected antitumor activity in a few synthetic compounds
selected at random, and in a number of natural products.
Because of the unpredictability of this last approach, con
tinued random screening would be necessary to uncover
chemotherapeutic drugs with new structural configurations.
Specific structural modifications of such active compounds
might provide drugs with greater antitumor selectiveness and
activity.

Considerable attention was directed as to whether additional
emphasis should be placed on the preparation of new
alkylating agents. Dr. Heidelberger concluded that there was
insufficient selectivity associated with the "carrier" portion of

these drugs to warrant further random synthesis of new
nitrogen mustard derivatives. For instance, the therapeutic
indices of the optical isomers of phenylalanine mustard were
sufficiently similar in the great number of biological systems
examined by Schmidt to discourage further variations in the
carrier. On the other hand, the relative effectiveness of specific
alkylating agents, such as cyclophosphamide and BCNU,
suggests that structural modification of these agents might be
fruitful. Further leads for the design of new agents may follow
when the detailed mechanism of action of this group of drugs
has been elucidated. Although many observations on the
action of alkylating agents have been made, there are still
numerous important and unsolved problems.

Other speakers agreed that random synthesis of new alkylat
ing agents was probably of little value, but they stressed the
considerable variation among tumors in sensitivity to these
drugs which at this time cannot yet be put on a rational basis.

For example, Dr. Sakurai described some new methane-
sulfonate derivatives which have antitumor spectra very
different from those of other alkylating agents. Thus, a small
change in chemical structure has provided chemotherapeutic
tools against tumor cell lines previously refractory to drug
treatment. Availability of such agents may be of great
potential value for particular human tumors, especially if
information becomes available on the biochemical basis of the
unusual sensitivity to drugs by individual tumors.

Dr. Connors also emphasized the variations in biochemical
properties of tumors, resulting in greater sensitivity to certain
members of the alkylating agent class. For example, aniline
mustard readily forms a glucuronide derivative which is
pharmacologically inactive. Tumors with high (3-glucuronidase
levels would be expected to be more sensitive to this
drug-glucuronide which would then be reactivated in the
tumor. Selective chemotherapy should result because most
normal host organs have low ÃŸ-glucuronidase levels. The
rational application of particular alkylating agents demands
that they be used against those tumors which have certain
desirable biochemical properties. On this basis, more selective
chemotherapy with specific agents should become possible in
the clinic if more information about the biochemical charac
teristics of individual tumors becomes available. Dr. Young
confirmed that certain human tumors, such as breast cancers
and myelomas, indeed have relatively high levels of
/3-glucuronidase in comparison to other tissues.

Greater enthusiasm was expressed in regard to the selective
synthesis of new antimetabolites. Dr. Heidelberger stressed the
enhanced effectiveness of some newer folate analogs in the
quinazoline series. Baker has recently prepared some alkylating
agent antimetabolites which alkylate a reactive site on the
surface of a target protein close to, but differing from, the
active center of the enzyme, and which also act as anti-
metabolites at the active center. Assuming that there are tissue
or organ differences with respect to this target protein,
compounds may thus be designed to act as antimetabolites
only at preselected receptor sites. The prospect of this
imaginative approach is great, and with isolated enzymes it has
been successful. Various other analogs, mainly of purines and
pyrimidines, were described where structural modifications
have led to derivatives with novel mechanisms of inhibition
and considerable carcinostatic activity.

Considerable progress has been made in the design of purine
and pyrimidine analogs because of our knowledge of the
pathways of drug metabolism of these compounds and the
effect of functional groups on affinity for the enzymes
involved in these reactions. Dr. Elion described her recent
studies on structural requirements for binding to the various
enzymes of purine metabolism. It has thus been possible to
foresee the selective activation of certain purine analogs in vivo
into growth-inhibitory derivatives, while catabolism was
minimized. The greater predictability of the metabolism of
new analogs can allow the preparation of drugs more detri
mental to the growing cell.

General Considerations

Cancer chemotherapy, for the past few decades, has
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emphasized the biochemistry of the tumor cell, the actions of
antitumor drugs, and the search for new agents with useful
inhibitory properties. More recently, attention has been
focused on the tumor cells themselves. Quantitative aspects of
cell kill have been developed in experimental animal models
and in man, and a knowledge of tumor cell growth has become
vital. It is clear that tumor cells are not always proliferating. It
seems likely now that all tumor cells are not equally capable of
initiating a new tumor. Different types of antitumor drugs kill
cells depending on whether or not they are proliferating and, if
so, on the actual stage of the cell cycle. Since, as a rule,
anticancer drugs are most detrimental to rapidly proliferating
tumors, it is not surprising that the most effective chemo
therapy in man was observed in the case of rapidly growing
tumors.

Two other important concepts have emerged. The potential
importance of immunologie host defenses against tumors is
currently unfolding. In addition, the need for quantitative
knowledge of the pharmacologie disposition of anticancer
agents, and the problems of drug-drug and drug-disease
interactions as they affect both antitumor activity and host

toxicity, have become more clearly appreciated and are under
investigation.

Because of this knowledge, assessment of therapeutic effect
in many tumors now can be more rapid and precise. Principles
of tumor cell growth and kill, the proliferative state of the
tumor, improved measurability of tumor response, the com
bination of surgery and chemotherapy, and of combination
chemotherapy, which have often been successful with the
rapidly growing tumors, are being applied to the relatively
slowly growing carcinomas, such as those of breast, colon, and
lung, responsible for the bulk of the deaths from cancer. It is
evident that only when the chemist, biochemist, immunol-
ogist, pharmacologist, and biologist cooperate with the clinical
chemotherapist, and if necessary the surgeon, rational and
successful cancer chemotherapy will continue to make
progress.
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