
[CANCER RESEARCH 29, 2427-2434, December 1969]

Summary of the General Discussion Session

Abraham Goldin

Cancer Chemotherapy National Service Center, National Cancer Institute, Bethesda, Maryland 20014

Dr. Mandel pointed out, following the Thursday morning
session, that one of the virtues of this type of meeting was the
fact that it afforded plenty of opportunity for discussion. In
view of the considerable interest in the various presentations,
and in order to provide ample opportunity for exchange of
views, it was decided to have an evening meeting devoted to
free discussion covering any and all areas of interest. The
discussion lasted several hours and covered a wide range of
subjects, including the uptake of large molecules into cells,
immunosuppression, combination chemotherapy, the impor
tance of blood levels of drug in relation to cell cycle kinetics,
infiltration and metastasis, resistance to chemotherapy, etc.

Dr. Holland raised the question of how much is known about
the way in which a tumor cell takes in its protein precursors.
Does it take them in as amino acids or as polypeptides? To
what extent do they enter by diffusion or pinocytosis? What is
the status of alkylated albumins and other technics involving
chemotherapeutic agents attached to proteins, based on
potential differential uptake of protein by tumor as opposed
to normal cells?

Dr. Holland mentioned that Dr. Click at Roswell Park has
shown that intact DNA can get into L1210 cells. At the recent
American Association for Cancer Research (AACR) meetings
it was reported that breast DNA could be taken up by breast
tumor cells.

Dr. Heidelberger stated that at one time it was thought that
tumors tended to pinocytose more than normal cells but that,
according to Holtzer, who is the "grand wizard" ofthat field,

this is a misconception based almost entirely on the fact that
ascites cells were used. Dr. Holtzer indicated in a personal
communication that at least in solid tumors there is no
evidence that tumors pinocytose any more than any other cells.

Dr. Sartorelli mentioned that there is some indirect evidence
that DNase and RNase can get into cells; for example, he has
shown that, in ascites cells treated in vivo with RNase, there is
about a ten percent decrease in the total RNA content of the
cells.

Dr. Heidelberger noted that drugs such as Polyriboinosinic:
Polyribocytidylic acid (Poly-IC) presumably get into cells
because of their biologic activity.

Dr. Goldin commented on the general observation that
nucleotides cannot get into cells and that nucleotide antago
nists are broken down before entry into cells and are then
resynthesized in the cells.

Dr. Heidelberger agreed with this. He did an experiment
sometime back in which he measured the entry of adenosine
monophosphate (AMP) labeled with 32P into Ehrlich ascites

cells and found that less than one hundredth of one percent
could have entered the cells intact. The AMP is cleaved outside

the cells to the nucleoside and then gets rephosphorylated. It
is remarkable that a membrane can absolutely exclude these
small molecules with less than one hundredth of one percent
getting in intact and yet the cell can engulf enormous
molecules.

Dr. Mandel recalled one report where a successful effort was
made to use a ribonucleotide derivative of 6-mercaptopurine
(6-MP) which apparently can enter tumor cells. This is the
compound bis(thioinosine)-5',5'"-pTiosphate of Montgomery

et al. which inhibited 6-MP-resistant tumor cells, whereas
thioinosinate was inactive. Dr. Heidelberger pointed out that
his laboratory made the corresponding analog with 5-fluoro-
2'-dÃ©oxyuridine (FUDR) and that it showed no evidence of
entry into cells. Dr. Handschumacher's laboratory made the

corresponding derivatives of 6-azauridine, but they were
inactive against an azauridine-resistant cell that lacked signifi
cant amounts of uridine kinase.

Dr. Prusoff speculated that a critical size may be required for
the process of pinocytosis to function, and smaller molecules
may not enter the cells because they fail to stimulate this
process. Very small molecules get in by either diffusion or
active transport.

Returning to the question of Poly-IC, Dr. Goldin asked
whether if one increased the chain length of Poly-IC, more of
it might get into the cells. Dr. Heidelberger referred to the
work of Dr. Hilton Levy, who has reported that the antitumor
properties of Poly-IC preparations depend very much on the
size and degree of double strandedness. The situation is rather
complicated at the moment since one cannot talk about
Poly-IC as if it were a single pure compound.

Dr. Holland raised again the question of whether the tumor
cell can feed on albumin. Dr. Heidelberger referred to the
work of Dr. Reiser, who has published papers indicating that
this is so.

Dr. Van Potter referred to the studies of Dr. Harris Busch
who investigated protein uptake by tumor when he was at
Yale. Dr. Van Potter pointed out that one cannot use the
words protein and tumor generically. The question has to be
directed to a given protein and a given tumor.

Dr. Busch stated that he feels that there is no doubt that
large molecules enter cells; it is obvious that viruses enter cells,
and there would appear to be no question whatsoever about
the phenomenon on the basis of the immune globulin studies
with localization in cytoplasm, in nuclei, and even in nucleoli.
He mentioned that the next day he would show a slide which
shows localization of immune globulin in nucleoli so that he
does not think the plasma membrane really constitutes such a
great barrier for entry of elements into the cell.

He expressed the thought that in cancer cells this process is
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very much accelerated, and some of his work supported the
idea that albumin entered cancer cells relatively easily; the
experiments have been verified by a very large number of
workers. Dr. Reiser has studied not only albumin but also a
wide variety of other molecules entering neoplastic cells. This
would appear to give the tumor a tremendous advantage in
terms of its potentiality for getting nutrition under circum
stances where other cells would not be able to survive.

Dr. Holland asked whether one of Dr. Busch's students

worked with albumin, and Dr. Busch replied in the affirmative.
They hydroxyethylated albumin, and when that is done there
is a change in the tertiary structure of the molecule; the net
result is that, instead of getting the high degree of selectivity
that is obtained with native albumin, one has a rather broad
spectrum of tissues that take up denatured albumin rather
rapidly including the liver and kidney.

Albumin goes to many places, and Dr. Busch did not think
that it is the right molecule for a carrier. Better carriers must
be sought. It is possible that this can be done with some of the
globulins that localize intracellularly.

In response to the previous question of Dr. Goldin as to why
the smaller molecules such as the nucleotides cannot get into
cells intact, whereas quite large molecules can, Dr. Busch
stated that he did not think it is the same kind of problem.
Albumin has an isolectric point of about 5.3 or 5.4, but a
nucleotide has a very strong negative charge, and this may
limit its absorbability. Some gamma-globulins do penetrate
cells, i.e., gamma-globulins of lupus patients. The LE phe
nomenon is well known to be a gamma-globulin effect. Eng
and Tan have recently shown specific nucleolar localization of
some LE antibodies.

Dr. Frei pointed out that one technic for showing penetra
tion into cells involves fluorescent antibody studies in which
the fluorescence is detected intracellularly. Dr. Gelzer men
tioned that to his knowledge fluorescent antibodies have not
been shown to go into normal cells unassisted. Unless
associated with a bacterium or virus particle, they stay on the
cell surface. The virus particle has enzymes such as neur-
aminidase and other kinds of mechanisms which may alter the
cell surface, and the virus particle and antibody enter together.
If one inhibits neuraminidase activity with adamantine the
virus particles do not enter. Insulin, on the other hand, does
get into cells. Dr. Prusoff mentioned that most viruses do not
have neuraminidase but penetrate into a cell presumably by
the process of pinocytosis.

Considerable discussion followed on the entry of L-aspara-
ginase into cells and on the mechanism of action of L-aspara-
ginase.

Dr. Handschumacher commented that he has looked at some
tumor cells and did not find significant intracellular levels. Dr.
Broome has reported that there may be somewhat more than
one would expect from extracellular water in the liver. None
of the other tissues analyzed by Dr. Handschumacher seemed
to contain significant activity. He felt that a cell deficient in
L-asparagine synthetase, and therefore dependent on the
medium for its source of L-asparagine, would have a very
efficient transport system for L-asparagine. Although leukemia
cells have a good transport system for this amino acid, there
does not seem to be a correlation between transport and

sensitivity or resistance. Further to that point is the fact that
L-asparagine levels in some cells remain relatively normal in
the presence of high levels of plasma asparaginase. It is
unlikely, therefore, that any significant amount of active
enzyme enters the cell.

Dr. Frei pointed out that his group has examined human red
cells and human normal white cells and acute leukemic cells as
well as LI 210 cells, under circumstances where the L-aspara-
ginase was given in vivo. In spite of high concentrations in the
plasma, they were unable to detect more than trace amounts
of L-asparaginase within the cells. The cells were washed
carefully, but it is not certain whether the trace amounts
represent L-asparaginase adherent to the cell surface or
whether they are in fact trace amounts of intracellular
L-asparaginase. They found, by studying the thoracic duct
lymph in man and by catheterizing various lymphatic vessels in
the dog, that L-asparaginase enters the extracellular fluid
slowly and reaches concentrations varying from 5 to 20
percent of the plasma level.
Dr. Garattini pointed out that the possibility exists that

L-asparaginase does enter cells and that its activity would not
be noted if it were in an inactive form in the cells. Dr.
Handschumacher agreed with this possibility and indicated
that there were a number of observations that might suggest
this. Even though L-asparaginase disappears from the plasma,
there is in animals and some patients a prolonged depletion of
L-asparagine in the plasma. Dr. Holland has reported similar
results in patients. Dr. Handschumacher cited one patient for
whom almost 2 months elapsed before the concentration of
L-asparagine in the plasma returned to normal values. This is
highly suggestive that it has been sequestered somewhere in a
potentially active form. In animals significant levels have been
detected in tissue extracts by a sensitive assay. Dr. Broome has
found in animals given L-asparaginase that there is slightly

more enzyme activity in the liver than would be anticipated on
the basis of that present in the interstitial space. Dr. Burchenal
stated that he found a small amount in the liver and the
kidneys but none in the brain. It was mostly all in the plasma.
There is just a small amount in the kidney but very little
elsewhere except the plasma.

Dr. Handschumacher mentioned, in extension of Dr. Frei's

earlier comment, that studies of this nature may be facilitated
by the preparation of radioactive L-asparaginase and the
determination of its fate in the body. The other obvious
method of detection is to prepare some fluorescent antibodies
and to use these as reagents to study the distribution of the
enzyme. These studies, he pointed out, should give informa
tion of considerable interest but may not entirely answer the
question as to whether the L-asparaginase is inside or outside
the cells.

Dr. Mihich pointed out that tumors resistant to L-aspara
ginase were shown to have lower levels of L-asparagine than
the sensitive ones under treatment with asparaginase, and yet
they incorporated labeled amino acids into proteins in a
normal way. How does this fit with the idea that the
mechanism of action of L-asparaginase is related to the
development of L-asparagine deficiency in the target cell?

Dr. Handschumacher indicated that the state of affairs was
very unclear. Dr. Broome showed that after treatment with
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L-asparaginase the level of L-asparagine in a sensitive cell is not

very different from that present in a resistant cell, and yet the
sensitive cell presumably is being actively killed.

It is possible that the tumors studied may have been
contaminated with normal stromal elements which are rich in
L-asparagine. Dr. LePage mentioned that the solid 6C3HED
tumor has a very high percentage of stromal cells. Dr. Garattini
questioned whether the L-asparaginase preparations are con
taminated with other enzymes. Dr. Burchenal pointed out that
the L-asparaginase was not contaminated. The enzyme has
glutaminase activity equivalent to 2 to 4 percent of the
L-asparaginase activity, even in purified preparations.

Also supporting this, Dr. Handschumacher stated that, when
the L-asparaginase activity is titrated with (5-diazo-7-oxo-L-
norvaline) (DONV), there is also a loss in glutaminase activity.
He has also shown that L-glutaminase and other enzymes
which utilize L-glutamine are insensitive to alkylation by
DONV. Most important in this regard is the fact that guinea
pig asparaginase, which has no L-glutaminase activity, is fully
as active as an antitumor substance in the 6C3HED system.

Dr. Van Potter raised the question of whether Dr. Harold
Campbell showed that E. coli had two L-asparaginasesâ€”EC1
and EC2. Apparently EC1 is not effective chemothera-
peutically, and the EC2 has glutaminase activity. That makes
one wonder whether the Boehringer enzyme, if really devoid
of glutaminase activity as has been claimed, would actually
have therapeutic activity.

Dr. Burchenal mentioned that he did test that sample and
that it had activity. Dr. Van Potter then stated that apparently
the L-glutaminase activity had nothing to do with the
therapeutic effect but that it is an intrinsic property of EC2
asparaginase and is not a contaminant.

The question was then raised as to whether L-asparaginase-
sensitive cells leaked L-asparagine to an unusual degree.
Although bacterial mutants can be demonstrated to leak out
material, a mammalian cell can be kept in an amino acid-
deficient medium for a considerable period of time before the
cells start to die. This question was not resolved.

Dr. Heidelberger asked a "very simple question" - How does

L-asparaginase kill cells? Dr. Burchenal replied that as far as he
was aware the answer to this was not known as yet. Dr.
Heidelberger commented that it is obviously more than a
simple depletion of L-asparagine.

Dr. Burchenal agreed but stated that it is possible to block
the effect of L-asparaginase with L-asparagine both in cell
culture and in animals if the right doses are employed. This has
been done in the LSI78Y system. In order to demonstrate
blockage of effect, it is necessary to use the minimum effective
doses of L-asparaginase (20 lU/kg) with a high dose of
L-asparagine. Fifteen hundred milligrams per kilo of L-aspara
gine twice daily, intraperitoneally, would not do it, but when
the same dosage was administered, and when the amino acid
was included in the drinking water at four percent concentra
tion along with five percent glucose, it was capable of blocking
the effect of twenty IU per kilogram of L-asparaginase
administered for five days. But it was not possible to prevent
the effect of one hundred IU per kilogram of L-asparaginase
with any amount of L-asparagine. In these experiments
L-asparagine serum concentrations were not determined.

Dr. Handschumacher raised the question as to whether there
was another action of L-asparaginase. The kill rate of LSI78Y
cells in a medium not supplemented with L-asparagine as
measured in the clonal system of Dr. G. A. Fischer was not
very rapid. Although the cells do not grow very well since
most protein synthesis does stop, cell viability remains high for
12-24 hours. In the presence of L-asparaginase, however, the
cells go to pieces within about three hours. The problem is
that horse serum used in these studies contains a small amount
of L-asparagine, sufficient to sustain viability if not growth.
Dialysis of the serum before use gives results comparable to
those obtained with L-asparaginase. The real question is why
the depletion of this one amino acid, in such a short period of
time, should cause such very rapid cell dissolution. One cannot
be certain that this is something unique to L-asparagine
because these cells are also very sensitive to inhibition with
cycloheximide as compared to HeLa cells. There may be a
greater need by these lymphatic leukemic cells to sustain
protein synthesis in order to maintain the integrity of the cell
membrane.

Dr. Goldin mentioned that Dr. Vadlamudi has pretreated
mice with L-asparaginase and then inoculated L5178Y cells.
To date no inhibition of tumor growth has been observed even
though the animals may have been deficient in L-asparagine as
a result of the pretreatment with L-asparaginase. But Dr.
Burchenal pointed out that L-asparaginase is metabolized so
rapidly by the normal mouse that tremendous doses of
L-asparaginase can be administered on Day 0, within an hour
after the leukemia is injected, and it has no effect at all.

Dr. Handschumacher remarked that another approach to
increase sensitivity might be to give L-asparagine in large doses
for several days so that L-asparagine biosynthesis may be
turned off, and the cells are totally dependent upon exogenous
L-asparagine. This might set the stage for more effective
therapy with L-asparaginase. Dr. Burchenal commented that
he had tried to do this with resistant cells in an attempt to
bring them back to sensitivity again, but with no favorable
results. Dr. Handschumacher, in turn, stated that it might be
worthwhile doing this with the sensitive cells to see if less
enzyme is required. However, he was concerned about normal
cells feeding L-asparagine to dependent cells. If biosynthesis
could be turned off to some degree this might be valuable.

Dr. Goldin returned again to the question of whether
L-glutaminase activity is pretty well ruled out as having
antitumor action.

Dr. Handscumacher considered that the fact that L-glutamine
reappears within several days despite continued administration
of low doses of L-asparaginase probably indicates that this
deficiency is not too serious. He thought that Dr. Holland and
Dr. Frei might feel that some of the toxicity they observed at
5000 units/kg could conceivably be engendered by the
sustained L-glutamine depletion which they have shown.

Dr. Garattini inquired as to whether L-glutamine had been
administered in conjunction with L-asparaginase. If L-glu
tamine were capable of reversing the toxic action of L-gluta
minase, it might be an indication that the L-glutaminase
activity was playing an inhibitory role.

Dr. Burchenal cautioned about the ammonia toxicity which
may occur on administration of L-glutamine or L-asparagine.
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For instance, if large amounts of L-asparagine and large
amounts of L-asparaginase are administered, the toxicity may
be increased markedly because the L-asparaginase is tremen
dously potent in the amount of ammonia it can produce from
L-asparagine.

Dr. LePage pointed out that if L-glutamine is administered,
the L-asparaginase in the blood would be bypassed since the
L-glutamine can be converted to asparagine. Also, although
L-glutaminase action might tend to destroy the glutami ne, this
may not be too important a factor since the L-glutaminase
activity is only about 2 percent of the L-asparaginase activity;
thus, one might have a better chance to get by the enzyme and
"fortify" the tissues.

Dr. Frei cited studies of Dr. Hersh on the effect of
L-asparaginase on human lymphocyte response to phyto-
hemagglutinin. Phytohemagglutinin causes blastogenesis of
such lymphocytes in culture in vitro. This blastogenesis has
been shown to be a measure of the immune capacity of such
lymphocytes. L-Asparaginase inhibits this blastogenesis in vivo
and in vitro. The in vitro inhibition can be partially reversed
by appropriate concentrations of L-asparagine. L-Glutamine,
either with or without asparagine, does not further reverse the
L-asparaginase inhibition.

Turning to the problem of resistance, Dr. Mihich mentioned
that we heard about the relatively rapid onset of clinical
resistance to L-asparaginase at the last meetings of the AACR.
He asked whether this resistance is more related to cellular
events of a metabolic nature or to an inactivation of the
enzyme due to immunologie reactions. Dr. Burchenal
answered that in almost all cases that he has observed
resistance, it has been related to the cellular event. However,
he has seen some cases where there has been a rather severe
immunologie reaction so that this can happen as well. But it
would appear that most of the resistance is on the basis of
increased L-asparagine synthetase since not very much
L-asparaginase is required as long as the cell is sensitive to it.

Dr. Holland commented that he did not think the situation
was wholly clarified. Dr. Takao Ohnuma studied a patient
whose predictive test with uridine indicated sensitivity. She
was treated with L-asparaginase. Her L-asparagine level fell to
zero, and she went into remission. Upon relapse after no
maintenance the test was done again and, if anything, it
indicated greater sensitivity. She was treated again. Her
L-asparagine level again fell to zero, but no antileukemic
response was observed.

Some discussion ensued on the immunosuppressive action of
antitumor agents. Dr. Hellmann had indicated that a new
antitumor agent, a bis-diketopiperazine derivative was not
immunosuppressive, and Dr. Gelzer commented that there are
many compounds, of which one good example is imuran,
which are not active in the mouse skin system. Dr. Hellmann
pointed out that his reference was not only to the mouse skin
homograft system but also to other systems, including an
influenza virus system, a rat footpad system, etc.

Dr. Gelzer commented that there has been no compound so
far identified which makes a bone marrow aplastic that is not
also immunosuppressive if it is handled properly. There can be
varying degrees of immunosuppression. Dr. Hellmann pointed

out that uracil mustard is also not considered as immuno
suppressive.

Dr. Frei cited the case of a dimethyltriazenoimidazolecar-

boxamide compound (NSC 45388) which has been studied
extensively in man. In Phase 1 and 2 clinical trials, it was
myelosuppressive, and at least for the keyhole limpet hemo-
cyanin KLH, which was studied in man and which produces
delayed hypersensitivity and circulating antibodies with a 19-7
S pattern, even when the imidazole derivative was admin
istered at myelosuppressive doses, it was not possible to
demonstrate suppression of the immune response.

Dr. Carbone mentioned that in allergic encephalitis in the
guinea pig the dimethyltriazenoimidazolecarboxamide deriva
tive displayed some suppressive activity.

Some discussion followed on the use of combinations of
drugs in neoplastic chemotherapy. Dr. Mandel stated that we
have been hearing a good deal about the clinical use of
anticancer agents in combination. He raised the question of
the extent to which the dosage schedules as used in these
combinations are based on our knowledge of the physiologic
disposition of the agents or their biochemical mechanism of
action. Is there information to indicate that greater chemo-
therapeutic effectiveness results when these drugs are admin
istered so as to take advantage of what we know of their
biochemistry and pharmacology? Shouldn't a greater effort be

made to obtain such information?
Dr. Frei referred to the work of Dr. Mellett of the Southern

Research Institute, who has demonstrated that cyclo-
phosphamide metabolism is altered by hepatic microsomal
enzyme inducers such as barbiturates. This is true in the rat
and also in man in terms of decreasing the half-life of the
unchanged drug in the plasma and in increasing polar
metabolite production. Dr. Garattini mentioned that it is
possible to inhibit the effects of cytoxan by administering
inhibitors of microsomal enzymes.

Dr. Holland cited studies with 5-fluorouracil (5-FU) and
cytosine arabinoside (ara-C) employed in sequential blockade.
His first patient gave an extraordinary response. The patient
had inoperable gastric cancer, with an enormous mass in his
neck which disappeared completely on therapy. It was
biopsied and no residual tumor was found. The gastric tumor
also disappeared as indicated by gastroscopy and by cytologie
washings. A mass reappeared in his neck which was rebiopsied
and turned out to be a granuloma from the previous biopsy.
About eight months later the gastric tumor had reappeared but
it was now operable. He had a single node, and he is now,
some four months postoperatively, still receiving treatment.
He was converted from a patient with advanced malignancy to
one with manageable disease by virtue of combination
chemotherapy. There is a biochemical rational for the employ
ment of 5-fluorouracil and cytosine arabinoside simultane
ously, and a number of other patients are now in a coded
study for 5-fluorouracil and placebo or 5-fluorouracil and
cytosine arabinoside; there are indeed responses although none
quite as dramatic as that cited above. Also, whether the
responses are attributable to the use of the two compounds or
to the 5-fluorouracil alone remains to be determined.

Dr. Berlino returned to the action of cytoxan when injected
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with barbiturates. The barbiturates may alter the toxicity of
cytoxan but do they also affect the therapeutic index? Dr.
Garattini did not think that sufficiently detailed studies were
conducted to really measure the effect on tumor as compared
with the effect on other parameters.

Dr. Rail stated that one of the problems in attempting to
determine whether the combination of an enzyme inducer
such as phÃ©nobarbital with cyclophosphamide increases the
therapeutic index is the fact that in the mouse the microsomal
enzymes are very active and activate cyclophosphamide very
promptly. It might be possible to test this in the rat,
particularly the female rat, which activates cyclophosphamide
less vigorously than does the mouse. But Dr. Rail has not seen
any data on that yet. In the mouse, phÃ©nobarbital can alter
cyclophosphamide toxicity, but the data are confusing.

In response to Dr. Mandel's question with respect to drug

levels of agents in combination, Dr. Rail mentioned that he did
not know of any study that has been done where two
anticancer drugs have been given and the effects of the second
drug on the plasma or tissue concentrations of the first drug
have been studied. It would be helpful to have the information
first on what is happening to tissue and plasma concentrations
of one agent alone in man.

Dr. Burchenal mentioned that he has done this in the mouse
since there is some potentiation with ara-C and thioguanine. A
course of ara-C and thioguanine was given first, and this was
followed by a dose of L-asparaginase. A comparison was made
of the L-asparaginase levels in previously treated animals as
compared with the untreated animals, and no difference was
noted.

Dr. Garattini emphasized that we not only have to know
what happens when we combine two drugs but that we must
also keep in mind that many other drugs are given to the
patient at the same time and that these may influence drug
metabolism and effectiveness. He cited his studies on the
half-life of cortisone. If humans are under treatment with
phÃ©nobarbital at a dose level on the order of 200 milligrams
per day, the half-life of cortisone in plasma decreases by 50%.
It takes one month before the half-life goes back to the normal
level. The problem of administration of other drugs is also
applicable to the action of other steroids since many steroids
are metabolized by the microsomal enzymes. Dr. Conney has
shown, for example, that an effective dose of estrogen which is
able to increase the weight of the uterus may become
completely ineffective if the animals have been pretreated with
phÃ©nobarbital.

Dr. Sartorelli cited the work of Drs. Hitchings and Elion who
have demonstrated that allopurinol potentiates the action of
6-MP. Since allopurinol inhibits the catabolic oxidation of
6-MP by xanthine oxidase, this suggests that higher blood
levels of 6-MP are produced. It has been shown that the
urinary excretion of oxidized products of 6-MP is markedly
decreased. It has been demonstrated in animals bearing
transplanted tumors that the combination gives a better
therapeutic index than either drug alone. This finding is
particularly impressive since it was obvious that the sparing of
6-MP from catabolism by inhibition of xanthine oxidase by
allopurinol should not solely increase the toxicity of 6-MP to

the tumor; host toxicity should be increased as well. These
findings indicate that some additional factor may be operative.

Dr. Garattini commented that in the consideration of this
type of drug interaction, the problem is really not so simple. It
is not too easy to relate drug level to effect since consideration
must be given to other factors. He commented on some studies
which, although not pertaining to antitumor agents, he felt
could serve as a model. If one attempts to relate the level of
pentobarbital in the brain with the sleeping time, one may
have very good correlation so that one can predict the
duration of the sleeping time on the basis of the level of
pentobarbital which is present in the brain. This system can be
manipulated by administration of a drug which acts as an
inducer. For example, DDT, which increases the hydroxyla-
tion of pentobarbital, can be administered, and the effect of
pentobarbital will be diminished. But in this type of study,
too, a correlation will be present. In other words, again it is
possible to predict that, with a certain level in the brain, the
duration of sleeping time will be comparable to that observed
in animals treated with pentobarbital alone.

But if enzyme induction is achieved with phÃ©nobarbital, then
the correlation breaks down. Actually there will be an
increased metabolism of pentobarbital so that less pentobar
bital will get to the brain, but equal amounts of pentobarbital
now may be more effective in the phenobarbital-pretreated rat
than in the normal rat. Thus, in this type of problem one must
give consideration not only to the level of the drug but also to
what is happening at the receptor site.

In response to a question as to whether DDT might be
affecting the ability of brain to be depressed by pentobarbital,
Dr. Garattini replied that the DDT is changing the level of the
liver enzyme so that pentobarbital at a subsequent time is
metabolized faster. But if the level in the brain is adjusted by
administering more pentobarbital, one can get the same
sleeping time as in controls receiving pentobarbital alone. But
this is not true for all inducers. So in certain cases not only the
rate of metabolic transformation but also the effect can be
changed.

Dr. Rail felt that there might be some question since a very
unsteady situation obtains. The pentobarbital concentration is
falling rapidly. The brain level goes up, meets the plasma level,
overshoots, and then comes down. It may be that the fact that
these correlate in general under the normal situation may be
coincidental. There are two variables changing very rapidly. In
such an unsteady situation it is difficult to evaluate.

Combination chemotherapy may involve not only the use of
combinations of antagonists but also the combination of
antagonists and metabolites. Dr. Bertino in his talk had
presented data on the use of Methotrexate and folinic acid in
clinical chemotherapy. Dr. Amiel presented additional clinical
experience from France with this combination of drugs. These
remarks are included in the discussion of Dr. Bertino's paper.

One additional point brought out by Dr. Bertino and by Dr.
Goldin was that the folinic acid was active both in man and in
the mouse when administered orally. In the mouse it has been
demonstrated by Dr. Sandberg that the therapeutic advantage
of the regimen of delayed administration of folinic acid given
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in conjunction with Methotrexate is maintained when the
metabolite is administered orally.

Dr. Skipper discussed the importance of blood levels of drug
in chemotherapy, citing results that he and Dr. Schabel have
obtained on pulsing agents that are quite specific for cells in
their DNA synthesis phase. For instance, in a system that has
an S phase period of about 9 hours and a period where the
cells are presumably protected for about 3.8 hours, making a
total of 12.8 hours, an agent that is specific for DNA synthesis
would be most effective if the blood level is maintained long
enough for as many cells as possible to get into S phase of
their cycle. If one takes drugs such as cytosine arabinoside,
hydroxyurea, guanazole, or pyridine-2-carboxaldehyde thio-
semicarbazone and gives a dose of drug which will maintain an
effective blood level for several hours, and then follows this
with another dose 3 hours later and still another dose 3 hours
after that, one can get, with a high growth fraction system,
about a 4- or 5-log kill of tumor cells within twenty-four hours.

If, however, the agent is administered every 24 hours instead
of every 3 hours, keeping the total dosage administered to the
animal just the same and employing the same number of doses,
in an idealized situation in which the dosage is always applied
when the cells are in the protected area, instead of getting a 4-
to 5-log kill, the cells would not be killed as rapidly as they are
replaced. Thus, with agents that are specific for the S phase,
appropriate spacing of the doses in order to maintain effective
blood levels during the sensitive period of the cell cycle is
highly worthwhile. Of the chemotherapeutic agents tested to
date, the 4 mentioned above are the only ones that have
demonstrated this tremendous 3-hour specificity.

Dr. Skipper indicated that a strong possibility existed that
other agents destroy cells in S phase too although they do not
act there specifically. Agents such as the antifolics, which
certainly inhibit purine synthesis and probably amino acid
metabolism, may act against the cells in S phase because they
disrupt DNA synthesis. But if they are also inhibiting RNA
synthesis prior to the S phase, they may be preventing cells
from entering the S phase at the regular rate so that their
action becomes self limiting. For such drugs a 3- to 4-hour
schedule would not be optimal. 6-MP would also be expected
to behave in the same way because it certainly inhibits RNA as
well as DNA synthesis. One might expect that 5-fluorouracil
(to a degree) would also behave in the same way. The above
would appear to fit in beautifully with the unbalanced growth
concept of Dr. Seymour Cohen. For example, when sulfanil-
amide is employed to inhibit the growth of the E. coli, and if
para-aminobenzoic acid (PABA), purine, thymine, and amino
acids are added back to the media, complete reversal of the
inhibition is observed. However, if purines and amino acids are
added but thymine is left out, RNA and protein synthesis can
go on and thymineless death occurs. It may be that in this
situation deficient DNA is being synthesized, that is in essence
self destructive.

Dr. Goldin asked whether asparaginase was considered to be
cell cycle specific. Dr. Burchenal thought that it is not, based
on two bits of evidence. One is that it is effective against very
large, far-advanced tumors, and the second is that it is active in
the cold in an in vitro system.

Dr. Leighton turned to the subject of the chemotherapy of

mÃ©tastases.He did not feel this had been discussed in any
concentrated way although it had come up incidentally from
time to time. For example, Dr. Karrer had mentioned
carcinoma of the colon in man, which sometimes presents as a
large solitary tumor, growing very slowly without mÃ©tastases,
and at other times as a relatively small primary in the colon
with extensive metastatic disease. Simply studying the growth
rates of primary tumors cannot provide an adequate picture of
the possibilities of chemotherapy for cancer. This is undoubt
edly well known, and yet there is a tendency to avoid the
topic of metastasis in consideration of potential drug effects,
perhaps because our model systems are not very good.

Dr. Leighton referred to the interesting system Dr. Hellmann
had described in which a new compound influenced mÃ©tastases
of the Lewis lung tumor but did not alter the tumor at the
primary transplantation site. Dr. Leighton then described a
simple model system in which ascites tumors are injected
intravenously into the chick embryo. The system may be quite
useful even though it does not involve a primary tumor. In the
system a suspension of tumor cells is simply inserted into the
blood stream. Although this model may not be as "natural" as
Dr. Hellmann's, it does allow some quantification since one

knows at what moment and how many cells enter the
circulation of the host. These facts of time and quantity are
unknown when mÃ©tastasesform naturally from a primary
transplantable tumor.

One small study conducted by a senior high school student in
Dr. Leighton's laboratory illustrates the potential of the chick

embryo model in therapeutic research on mÃ©tastases.In these
experiments the therapy consisted of hyperthermia. A series of
11-day-old embryos was inoculated intravenously with a
suspension of Yoshida ascites #7974 cells. Half of the embryos
were incubated for the next week at 38Â°Cand half at 42Â°C.
When the embryos were 18 days old, those at 38Â°Cwere dead
or had massive mÃ©tastases.Most of the embryos at 42Â°Cwere

alive and only rare foci of degenerating tumor cells were
found.

Although the therapy here was not chemical, but hyper
thermia, these studies suggest that the embryonated egg with
heterologous blood-borne tumor cells is a suitable model with
which to study the evolution of mÃ©tastasesand their modifica
tion with chemotherapeutic agents.

Dr. Leighton then recalled a model that goes back to the
time of the first World War that might provide an elegant way
to study drug effects on mÃ©tastases,namely, the model that
Dr. Tyzzer used with mouse tumors (J. Med. Res., 28: 309,
1913; 32: 331, 1915). Tyzzer studied the effect of vigorous
massage on the frequency of pulmonary metastasis. A trans
plantable tumor that never gave rise spontaneously to pulmo
nary metastasis failed to metastasize to the lungs after vigorous
massage. Transplantable tumors that normally had some
incidence of spontaneous pulmonary mÃ©tastases had a
markedly increased incidence following vigorous massage of
the tumor.

Dr. Leighton considered that Tyzzer's model system might

be a reasonable one to use to study drug effects because one
knows that on the day of massage a shower of tumor cell
emboli has been produced in the blood stream. The primary
tumor is present in situ although it has been "roughed up,"
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and at the same time there are the beginnings of the metastatic
process.

Dr. Leighton noted that the object of his remarks was to
focus attention on the subject of mÃ©tastases.

Dr. Heidelberger commented on the system described by Dr.
Garattini. Dr. Heidelberger is utilizing this system and feels
that it is very elegant. In this system the tumor cells are
injected into the brain through a small foramen in the skull,
into which the needle is readily inserted. With this system it is
possible to quantitate the degree of mÃ©tastasesto the lungs.

Dr. Goldin remarked that the Lewis lung tumor also
metastasizes to the lungs.

Dr. Schabel pointed out that many, if not most, transplant-
able solid tumors of animals metastasize spontaneously. Dr.
Fortner has reported a very high incidence of gross metastasis
in hamsters bearing subcutaneous implants of a wide variety of
morphologic types of malignant and fetal tumors of hamsters
(J. G. Fortner, A. G. Mahy, and G. R. Schrodt. Cancer Res.,
21 (Part 2): 161-198,1961 ; J. G. Fortner, A. G. Mahy, and R.
S. Cotran. Cancer Res., 21 (Part 2): 199-234, 1961). In
addition, Dr. Schabel has observed that, with a number of
transplantable solid tumors in mice and rats for which sensitive
bioassay procedures have been developed for viable tumor cells
in susceptible transplant hosts and in which metastatic lesions
are not grossly apparent at death, wide-spread mÃ©tastasescan
be demonstrated with these bioassay procedures. Such evi
dence of wide-spread metastasis has been obtained with
adenocarcinoma Ca 755 and Sarcoma 180 in mice and with
Walker carcinosarcoma 256 in rats. These tumors are generally
considered not to metastasize from subcutaneous implants. Dr.
Schabel considered that the common impression that many, if
not most, transplantable rodent tumors do not metastasize is
based on the failure of metastatic foci to be grossly visible at
the time of death from the primary subcutaneously trans
planted tumor. It is well known, of course, that the Lewis lung
carcinoma readily metastasizes to the lung and probably to
other sites following subcutaneous implant in mice.

Dr. Leighton raised the question as to whether with a
sensitive bioassay technic one would be detecting tumor cells
in blood vessels rather than in tissue parenchyma. Dr. Schabel
replied that bioassay quantitation of tumor cells in the liver,
spleen, lung, marrow, or brain clearly indicates that the viable
tumor cells interpreted as representing metastatic foci are not
due to circulating tumor cells in the contained blood of these
organs. The numbers of tumor cells recoverable from the
individual organs usually exceed, often by several orders of
magnitude, the numbers of tumor cells (based on demon
strated tumor cell numbers in the circulating blood) that could
be due to tumor cell contamination of these organs from the
blood. Thus, spontaneous mÃ©tastasesfrom subcutaneously
transplanted murine tumors, based on bioassay for viable
tumor cells, is much higher than one would presume from
searching for grossly apparent metastatic lesions.

Dr. Karrer agreed with Dr. Schabel that there are a number
of transplantable tumors which metastasize spontaneously.
After studying some tumor systems he chose and now prefers
the Lewis lung carcinoma because this tumor occurred
spontaneously in an inbred strain of mice (C57 black). Since
that time it has been transplanted in this strain or in the first

generation of hybrids. From the immunologie point of view
this system is better than those tumors which have passed
through different strains of mice. As with most human tumors
this transplantable one has not been observed to regress
spontaneously. It has not been possible to demonstrate host
immune reactions with methods successful in other tumor
systems.

The second advantage of this system is the fact that
metastasis of the Lewis lung carcinoma in the lungs occurs
very early in the course of the disease and can be detected
easily. Employing bioassay the amount of tumor cells present
in the lungs can be estimated approximately by comparing the
survival time of the tumor takes in recipients with controls
implanted with a given number of tumor cells in a scale-
dilution.

In the second week after implantation, 100% of the animals
develop mÃ©tastases.This has been reproduced in numerous
experiments. Because of the early occurrence of mÃ©tastases,
there is sufficient time to start treatments in different stages of
metastasis. Furthermore, the primary tumor can be removed
early enough by radical operation so that tumor cells are not
left in the area of amputation, thus producing animals with
spontaneous micrometastases only. In this system the possibil
ity exists for producing different types of tumor in one host:
solid primary tumor, spontaneous micrometastases in the
lungs, advanced mÃ©tastasesin the lungs, and tumor recurrence
in the area of amputation.

Dr. Hellmann commented that it is most important to
determine the ultimate fate of the tumor cells. It is known
that there are millions of tumor cells released at every surgical
operation, yet presumably very few of these form mÃ©tastases.
The reason for this is not known. So the number of circulating
tumor cells or cells in the parenchymal tissue is not necessarily
a real reflection of the number of cells that form mÃ©tastases.

Dr. Garattini pointed out that one should distinguish
between two types of phenomena in any discussion of
mÃ©tastases.Dissemination may be used to refer to the presence
of cells in blood or in the tissues, and the term mÃ©tastasesmay
be reserved for the situation in which there is specific
proliferation of tumor cells so that there are visible nodules in
the tissues. If one makes this distinction then it is possible to
look for models for the study of both of these problems in a
quantitative way. In his experience the degree of dissemination
of transplantable tumors depends in large measure on the
initial site in which the tumor cells are implanted. For
instance, when the tumor has been transplanted subcutane
ously, bioassay of blood and lung is usually not positive in
more than 20% of the cases. Also there is a considerable degree
of variability. One is referring here to a bioassay system where
on the order of 50 cells per cubic milliliter of blood can be
detected. The same problem pertains to the use of the ascites
form of tumors, and this is the reason that, in his laboratory,
they have been interested in the transplantation of cancer ceUs
into the brain.

On transplantation of tumor cells into the brain, there is an
increase, with time after transplantation, in the number of
tumor cells in the lungs, and the increase is much more evident
in the lungs than in the blood. Apparently the cells are
removed very rapidly from the blood stream; this can be
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shown in another type of model. He cited recent studies with
isolated perfused liver of rats or mice. Cancer cells were
introduced into the circulation so that their removal could be
followed, and an amazing number of tumor cells, on the order
of several hundred millions, could be removed by the liver.
Very few of the tumor cells are capable of passing through the
liver and reentering the circulation. An important factor
appears to be the number of cells injected into the circulation.
When a very high number of cancer cells is injected, a quite
marked hypertension with resultant damage to the liver occurs
so that cells do escape from the liver and recirculate. This does
not happen when hypertension does not occur. This may be an
important point to keep in mind in experiments in which
cancer cells are injected intravenously.

Dr. Garattini mentioned studies being conducted with Dr.
Morasca on Triton WR 1339. Triton is a nonionic detergent
which has the property of remaining in the blood for a long
period of time. For example, if 500 mg/kg, which is a
well-tolerated dose, is injected, levels of more than one
milligram per ml of blood are observed for about 48 hours.
The interest in this compound stems from in vitro studies in
which it was found that Triton was able to decrease the
adhesiveness of cancer cells to glass. Since this suggested that it
affected the cell membrane, it was tested in other systems. As
brought out in the morning session, in three different systems
it was shown to bring about a reduction of dissemination or
metastasis without an observable effect on the primary tumor.
There is not much known about the mechanism of action of
Triton. There have been some reports in the literature
concerning differential sites of toxicity, and in one report it
may have been more effective against cancer cells in tissue
culture than normal cells. But Dr. Garattini, in tests of several
strains of cells, could not confirm this difference. The
mechanism of action of Triton is still under investigation.

Dr. Mihich asked whether it was possible to stimulate or
depress the reticuloendothelial system (RES) with Triton and
thus influence the incidence of metastasis in either direction.
Dr. Garattini stated that a full range of doses had not been
employed and that the question could not be answered.
However, effective doses have been employed which are able
to induce hyperlipemia which is a characteristic effect of
Triton. It is thought that the hyperlipemia is related to a block
of the RES system.

Dr. Carbone asked whether the triton had a heparin-like
effect on adhesiveness. Dr. Garattini replied that heparin had
been tried in his system and that he could not find any marked
effects.

The discussion turned to drug resistance in chemotherapy.
Dr. Frei raised important questions. In the past, chemotherapy
has been directed largely towards inducing complete re
missions. Such chemotherapy is relatively short-term, and
drug-induced resistance probably does not play a major role.
To this extent, such treatment is similar to the short treatment
of the LI 210 model or some of the other rapidly growing
transplanted tumor models. However, with increasingly.

effective remission induction, various forms of maintenance
treatment have become increasingly important. In this setting,
drug resistance appears to be induced and technics for
preventing or reversing such resistance are becoming in
creasingly important. One should inquire of the experimental
ists about such technics. Do different drugs differ in a major
way with respect to how many cell generations are required
before drug resistance is induced? Is there evidence that drug
combinations or the appropriate sequential use of drugs would
delay the development of such resistance? Such experimental
observations could influence clinical trials in a major way.

Dr. Burchenal replied that the combination of DON and
thioguanine had been studied in the leukemia L1210 system
by his group, and as he recalled, that of Dr. Lloyd Law, in an
attempt to obtain a resistant line to this combination. There
was no success even though treatment was continued over
numerous generations. Dr. Skipper pointed out that the main
difficulty is that the resistance usually does not appear in the
first passage and since one has to treat over a number of
generations the problem becomes somewhat difficult.

Dr. Holland emphasized that the crux of the matter is to
determine that the human tumor which is recrudescent, is
biochemically resistant. One considers that there is every
likelihood that it would be since a tumor which was highly
sensitive to chemotherapy initially does grow again and
eventually becomes refractory to chemotherapy.

Dr. Skipper said that he was aware that in some cases
remissions could be induced again, even where tumors had
become somewhat refractory, merely by increasing the dose
with the same agents employed initially. Dr. Frei agreed that
this does happen in some cases and, of course, the tumor
would be, in this case, partially resistant, as pointed out by Dr.
Holland.

Dr. Berlino stated that he could detect biochemical re
sistance to Methotrexate now by simply measuring the
incorporation of deoxyuridine into DNA of cells (W. Hryniuk
and J. R. Berlino). Patients who are resistant clinically to
Methotrexate have a significantly different inhibition of DNA
synthesis in the presence of Methotrexate than do untreated
patients.

Dr. Heidelberger referred to studies by Dr. Wolberg on
thymidine incorporation, presented a year or so ago, with in
vitro samples of human tumors, where the test with 5-FU
indicated that the patient was sensitive. The patient was
treated and eventually became resistant. Samples were taken
again, and he was shown to be resistant to this particular test.
This then would provide an example of the origin of
biochemical resistance.

The evening session had started at 8:00 P.M., and it was now
10:30 P.M. A wide range of topics had been covered in this
free flow discussion, and the value of this type of format was
self evident. Despite the vigorous tempo of discussion, in view
of the hour, the chairman had to arbitrarily close this most
interesting session.
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