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LETTERS

Antitumor Drug Interactions:
Additional Data

In response to the article ‘‘Cancer
chemotherapy: An unexpected drug in-
teraction’’ by Thomas H. Maugh II (Re-
search News, 15 Oct., p. 310), we would
like to call attention to published data (I)
from our laboratory presented at the an-
nual meeting of the American Associa-
tion for Cancer Research in Toronto in
March 1976. The data clearly show an
unfavorable interaction between metho-
trexate and 5-fluorouracil with respect to
their antimetabolic effect in de novo
DNA synthesis. These studies were
done in the L1210 cell system and more
recently confirmed in the Friend leuke-
mia system and in human bone marrow.
We utilized the deoxyuridine suppression
assay and tritiated deoxyuridine incorpo-
ration into DNA as sensitive indicators
of de novo DNA synthesis which can
measure the effects of 7.5 x 107° molar
methotrexate and 0.2 microgram of 5-
fluorouracil per milliliter (2). The com-
bination of 5-fluorouracil and methotrex-
ate added to the cell lines or bone mar-
row did not significantly increase the de
novo DNA defect as compared to the
same amount of 5-fluorouracil or meth-
otrexate alone (Table 1). The anti-DNA
effect of methotrexate in this system
could be significantly reduced by wash-
ing the cell lines after drug exposure,
whereas the effect produced by 5-fluo-
rouracil was not significantly reduced by
washout. However, washing of the cells
following exposure to the combination of
the two drugs resulted in a 70 percent
loss of the 5-fluorouracil effect. This de-
crease of 5-fluorouracil effect was direct-
ly related to the concentration of meth-
otrexate and occurred even in sequential
exposure. The addition of S-formyltetra-
hydrofolic acid (folinic acid) to the drug
combination appeared to prevent the
washout of the 5-fluorouracil effect. We
interpreted these results to mean that (i)
some methotrexate-5-fluorouracil com-
binations are not additive or synergistic;
(ii)) methotrexate may diminish S5-fluo-
rouracil effect during washout by pre-
venting expression of S-fluorouracil ac-
tion mediated through a S5-fluorouracil
high-affinity site; and (iii) the loss of 5-
fluorouracil effect in the presence of
methotrexate probably resulted from a
deficiency of the necessary folate coen-
zyme for the methylation of deoxyuridy-
late.

Our findings are supported by those of
Santi and Martin, who have shown that
methotrexate can interfere with the activ-
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Table 1. Methotrexate (MTX) and 5-fluo-
rouracil (5-FU) interaction in L1210 leukemia.
Cells were first incubated for 3 hours at 37°C
in Hanks’ balanced salt solution. Some were
then washed three times with cold Hanks’ so-
lution. After the washout, [*H]deoxyuridine
(0.1 uc per tube) was added, and the incuba-
tion continued for 90 minutes. Additional
details are given in (2).

[*H]Deoxyuridine
incorporated
into DNA
Additions No
washout Wa(l;h)out
(%) 7
Saline 100.0 100.0
MTX, 107 M 17.4 95.6
MTX, 107" M 9.0 105.1
5-FU, 3.1 pug/ml 6.9 13.9
5-FU, 0.78 ug/ml 37.1 22.2
MTX, 10°M +
5-FU, 0.78 ug/ml 15.8 60.8

ity of 5-fluorodeoxyuridine when given
in combination. Similarly, we and others
have demonstrated that the cellular up-
take of methotrexate and its antimetabol-
ic effect may be reduced by 50 percent in
the presence of certain corticosteroids
commonly used in combination chemo-
therapy 2, 3). These studies emphasize
the need for careful pharmacologic and
biochemical assessments of the inter-
action of cancer chemotherapeutic
agents when used in combination.
SAMUEL WAXMAN

HowARD BRUCKNER
Cancer Chemotherapy Foundation
Laboratory, Division of Medical
Oncology, Mount Sinai School of
Medicine, City University of New York,
New York 10029
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We also have been concerned about
the use of methotrexate and 5-fluoroura-
cil in combination in the clinic and about
the conflicting evidence as to whether
this combination of drugs is synergistic,
additive, or antagonistic (1). We hypothe-
sized that the combination would give
additive or synergistic antitumor effects
if treatment with high doses of metho-
trexate preceded treatment with 5-fluo-
rouracil, and that this combination
would be antagonistic if the drugs were
administered in the reverse sequence.
The rationale for this theory was that
pretreatment with methotrexate would
result in high intracellular levels of this
drug which would act as an analog of
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N N'-methylenetetrahydrofolate, the
coenzyme for thymidylate biosynthesis,
and as a result S-fluorodeoxyuridine
monophosphate would bind irreversibly
in ternary complex with methotrexate to
thymidylate synthetase (2). The reverse
sequence would not result in irrever-
sible inhibition, since 5-fluorodeoxyridine
monophosphate levels would be falling
at a time when methotrexate levels
would be increasing. Use of high doses
of methotrexate would also be impor-
tant, since low intracellular levels of
methotrexate would inhibit dihydrofo-
late reductase, but not thymidylate syn-
thetase, thus leading to a decrease in
N3 N'-methylenetetrahydrofolate lev-
els, and possible antagonism with 5-fluo-
rouracil.

We have shown (3) that, in accord
with this concept, treatment of mice
bearing the sarcoma 180 with methotrex-
ate 1 to 4 hours before treatment with
fluorouracil enhances antitumor effects
of fluorouracil; when the combination is
given simultaneously, no additive effects
are present; when treatment with 5-fluo-
rouracil precedes treatment with meth-
otrexate the effect is antagonism (less
effect than either drug alone). Martin et
al. 4) have also reported that methotrex-
ate pretreatment (1 hour) followed by
treatment with S-fluorouracil resulted in
therapeutic synergy against a spon-
taneous (CD8FI) mammary cancer.

In light of these results we have insti-
tuted clinical studies using pretreatment
with methotrexate in combination with
treatment with 5-fluorouracil in patients
with breast cancer and colon cancer. If
the experimental tumor data are appli-
cable to human cancer, this should lead
to an increased therapeutic effect with-
out an increase in drug toxicity.

J. R. BERTINO
Department of Pharmacology,
Yale University School of Medicine,
New Haven, Connecticut 06510
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Maugh refers to an observation of San-
ti and Martin that methotrexate inter-
feres with the activity of 5-fluorodeoxy-
uridine on tumor cells grown in culture
when the drugs are given at the same
time. He also indicates that methotrex-
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ate should interfere with the activity of 5-
fluorouracil, since the mechanism of ac-
tion is similar to that of 5-fluorodeoxy-
uridine. In his article, Maugh states that
Martin and Santi contacted the National
Cancer Institute, and that from limited
data it was concluded that no additive
effects were observed when methotrex-
ate and 5-fluorodeoxyuridine were em-
ployed in combination chemotherapy of
tumor-bearing mice.

In view of this, we should like to call
attention to studies involving combi-
nation chemotherapy with methotrex-
ate plus S-fluorouracil in the treatment of
mice with advanced leukemia L1210 (7).
In a series of five experiments, Kline et
al. observed that concomitant daily treat-
ment with methotrexate plus S-fluo-
rouracil was more effective in increasing
the survival time of the mice than daily
treatment with the drugs employed indi-
vidually. In these experiments the drugs
were combined in a number of metho-
trexate/S-fluorouracil dosage ratios, and
a wide range of daily treatment levels
was employed for each combination ra-
tio. Daily methotrexate alone was con-
sistently more effective than daily 5-fluo-
rouracil alone in increasing survival
time, and the optimal combination treat-
ment was 11 to 57 percent more effective
than the optimal daily dose of methotrex-
ate alone. In these experiments the im-
proved therapeutic effect was observed
with a relatively low daily dose of 5-
fluorouracil combined with a dose of
methotrexate which was optimal or high-
er than the optimal daily dose for meth-
otrexate alone. The data suggest that, on
the daily schedule, 5-fluorouracil contrib-
uted to the enhanced therapeutic effect
without itself adding significantly to the
toxicity for the host. Other schedules of
therapy for which a therapeutic advan-
tage was obtained with this drug com-
bination include 5-fluorouracil adminis-
tered as a single dose (day 6 after leuke-
mic inoculation) plus methotrexate ad-
ministered either every 4 days or daily
(from day 6).

In another experiment (2), a com-
parison was made of concomitant daily
treatment with methotrexate plus 5-fluo-
rouracil and methotrexate plus 5-fluo-
rodeoxyuridine in the treatment of mice
with advanced leukemia L1210. Both
drug combinations were approximately
equally effective in enhancing therapy
relative to the drugs employed individ-
ually.

The selection for combination chemo-
therapy of methotrexate plus 5-fluo-
rouracil (and 5-fluorodeoxyuridine) was
based on the biochemical rationale that
therapeutic enhancement might result
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from a sequential blockade in thymidy-
late synthesis or as a form of concurrent
blockade involving purine and thymidy-
late biosynthesis. However, although
therapeutic enhancement was obtained
with the combination, it was concluded
that the fundamental nature of the en-
hanced therapeutic response remained to
be determined. Thus, although in accord-
ance with the rationale, an ‘‘expected
drug interaction’’ occurred, the funda-
mental basis for the therapeutic enhance-
ment may not have been related at all to
this interaction.

A wide variety of combinations of
drugs has been demonstrated, in animal
tumor systems, to provide a therapeutic
advantage over that observed with the
drugs employed individually. The dem-
onstration of such therapeutic synergism
may be dependent upon the dosage ra-
tios employed, the dosage levels, and the
schedule of administration, including the
interval between treatments, number of
treatments, total duration of treatment,
and the timing of administration of the
drugs relative to one another. The degree
of advancement of disease and extent of
infiltration or metastasis, as well as a
variety of factors pertaining to the host,
may influence the extent of therapeutic
effect observed. Any biochemical ratio-
nale pertaining to fundamental inter-
actions of a drug combination must be
reflected in increased antitumor specifici-
ty in the tumorous host in order to obtain
an improved therapeutic response.

We agree with Maugh that detailed
investigations of drug combinations
should be conducted and that fundamen-
tal investigations of biochemical and
pharmacologic action, both in vitro and
in vivo should be pursued, both retro-
spectively and prospectively, in relation
to the usefulness of drug combinations in
the treatment of clinical neoplasia.

ABRAHAM GOLDIN
Division of Cancer Treatment,
National Cancer Institute,
Bethesda, Maryland 20014
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Mailing Labels: Hot Air, Patience,
and Other Suggestions '

Eugene E. Hinman (Letters, 12 Nov.,
p. 674) may remove the labels from Sci-
ence covers by the application of heat
from a hot air blower (a small hair dryer
works very nicely) for about 15 seconds

and then carefully peeling off the label.
A hot iron will probably work equally as
well, but water will not work, since the
glue used on the label is not water-soluble.
The heat treatment process produces a
Science cover in mint condition, pro-
vided the Postal Service has not already
mutilated it.

Gary THoM
Department of Chemistry, American
University, Washington, D.C. 20016

.. . The mailing label can, in fact, be
removed with spit and a little patience,
though one has to be careful not to dig
into the surface of the picture. Some-
body (presumably the Postal Service)
attaches circular colored stickers to the
front cover. These, however, are easily
peeled off without damage to the maga-
zine. Perhaps the adhesive used for these
stickers could be used also for the mailing
labels.

R. JOHN STEDMAN
Department of Medicinal Chemistry,
Health Sciences Center, School of
Pharmacy, Temple University,
Philadelphia, Pennsylvania 19140

... Would a double cover be a cheap
solution to Hinman’s problem?

K. B. FREEMAN
Department of Biochemistry,
Health Sciences Centre,
McMaster University,
Hamilton, Ontario, Canada L85 4J9

. . . Simply place a plain wrapping paper
cover over the formal cover, not as a
wrapper but as an outside cover sheet,
stapled with the rest of the sheets of the
magazine. Print it with the title, so as to
meet postal regulations, and put the
mailing label on it.

ROBERT M. HAYES
Graduate School of Library and
Information Science, University of
California, Los Angeles 90024

Perhaps, where possible, cover
photos could be cropped so that the
leftmost 15 percent contained no use-
ful information. Otherwise, a smaller
photo seems preferable to one that is
flawed.

JOHN GRAHAM
Box 122,
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. . . Why not reduce the cover illustration
by 12 percent, place the label on the free
space at the fold, and preserve the design
intact for the reader to use and enjoy?

F. MORGAN WARZEL
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Spartanburg, South Carolina 29301
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