
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 (1) 
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 lO molar homogenate 
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- seconds! 
row did not significantly increase the de 
novo DNA defect as compared to the 

For homogenization, disper- same amount of 5-fluorouracil or meth- 
sion, defibration and otrexate alone (Table 1). The anti-DNA 

emulsification, nothing effect of methotrexate in this system 
orks quite like a Poly- could be significantly reduced by wash- 

/ "High Frequency Principle', ing the cell lines after drug exposure, 
the Polytron combines ultra- whereas the effect produced by 5-fluo- 

sonic energy with mechanical rouracil was not significantly reduced by 
shearing action to homogenize washout. However, washing of the cells 

virtually any type of tissue.. . following exposure to the combination of 
small organs, soft bones, muscle, the two drugs resulted in a 70 percent 

cartilage, even an entire mouse. loss of the 5-fluorouracil effect. This de- 
Because of its unique shear- crease of 5-fluorouracil effect was direct- 

ing effect, the Polytron outperforms ly related to the concentration of meth- 
any blender, mixer or similar homogenizer, otrexate and occurred even in sequential 

and requires only 30-60 seconds to do exposure. The addition of 5 formyltetra 
what other instruments do in 15 minutes or hydrofolic acid (folinic acid) to the drug 

more. This rapid action is an important advan- combination appeared to prevent the 
tage when working with heat-sensitive washout of the 5-fluorouracil effect. We 

The Polytron system offers a wide interpreted these results to mean that (i) 
selection of models, generators and speeds to some methotrexate-5-fiuorouracil com- 
provide ideal conditions for homogenization as binations are not additive or synergistic; 
dictated by type of material, experimental (ii) methotrexate may diminish 5-fiuo- 
conditions and desired end result. For an rouracil effect during washout by pre- 
informative brochure, write: Polytron Division, venting expression of 5-fluorouracil ac- 
Brinkmann Instruments, Cantiague Road, tion mediated through a 5-fluorouracil 
Westbury, N.Y. 11590. In Canada: 50 Galaxy high-affinity site; and (iii) the loss of 5- 
Boulevard, Rexdale (Toronto), Ont. fluorouracil effect in the presence of 

methotrexate probably resulted from a 
deficiency of the necessary folate coen- 

Brinkntann zyme for the methylation of deoxyuridy- 

PoItron? findings are supported by those of 
Santi and Martin, who have shown that 

Circle No. 133 on Readers' Service Cord methotrexate can interfere with the activ- 
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Table 1. Methotrexate (MTX) and 5-fiuo- 
rouracil (5-FU) interaction in L1210 leukemia. 
Cells were first incubated for 3 hours at 370C 
in Hanks' balanced salt solution. Some were A 
then washed three times with cold Hanks' so- 
lution. After the washout, [3H]deoxyuridine 
(0.1 tc per tube) was added, and the incuba- 
tion continued for 90 minutes. Additional 
details are given in (2). 

[3H]Deoxyuridine 
incorporated 

into DNA 
Additions 

No Washout 
washout (%) 

(%) 
Saline 100.0 100.0 
MTX, 106M 17.4 95.6 
MTX, 107M 90.0 105.1 
5-FU,3.l.tgIml 6.9 13.9 
5-FU,0.78g/ml 37.1 22.2 
MTX, 106M + 

5-EU, 0.78 g/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 a J 
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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3. R. F. Zager, S. A. Frisby, V. T. Oliverio, ibid. A compact 25 lbs., the channels simultaneously, DC 
33, 1670 (1973). Sangamo/Tandberg TI R 115 input offset controls, voice 

We also have been concerned about Series offers top annotation, selective record! 
the use of methotrexate and 5-fluoroura- performance at a lower price, disable switches, flutter 
cil in combination in the clinic and about With tape speeds of 1 5, 334 compensation, and true 
the conflicting evidence as to whether and '16 ips or 15, 712 and footage counter. The many 
this combination of drugs is synergistic, 334 p5, the TIR 115 features options include loop adapter, 
additive, orantagonistic(1). Wehypothe- 4 channels of RIG FM data tape servo and DC operation. 
sized that the combination would give on '4in. tape. The new TIR For more information call 
additive or synergistic antitumor effects 11 SD features 3 channels of or write: Sangamo Data 
if treatment with high doses of metho- IRIG FM and 1 channel Recorder Division, P.O. Box 
trexate preceded treatment with 5-fluo- direct on 14in. tape. Standard 3347, Springfield, III. 62714. 
rouracil, and that this combination equipment for both includes (21 7) 544-64 1 1. 
would be antagonistic if the drugs were 
administered in the reverse sequence. a ORT monitor which displays 
The rationale for this theory was that the P/P deviation of all 4 data 
pretreatment with methotrexate would {STONj 
result in high intracellular levels of this SANOAMO DATA RECORDER DIVISION 
drug which would act as an analog of 673 
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Ni,Niemethylenetetrahydrofolate, the ate should interfere with the activity of  New 1.ua'im -T 
coenzyme for thymidylate biosynthesis, fluorouracil, since the mechanism of ac- 
and as a result 5-fiuorodeoxyuridine tion is similar to that of 5-fluorodeoxy- Constant 

monophosphate would bind irreversibly uridine. In his article, Maugh states that 
in ternary complex with methotrexate to Martin and Santi contacted the National Temperature 
thymidylate synthetase (2). The reverse Cancer Institute, and that from limited 
sequence would not result in irrever- data it was concluded that no additive Circulator 

sible inhibition, since 5-fluorodeoxyridine effects were observed when methotrex- 

monophosphate levels would be falling ate and 5-fluorodeoxyuridine were em- with dial-in at a time when methotrexate levels ployed in combination chemotherapy of 
would be increasing. Use of high doses tumor-bearing mice. 
of methotrexate would also be impor- In view of this, we should like to call p 

tant, since low intracellular levels of attention to studies involving combi- control. 

methotrexate would inhibit dihydrofo- nation chemotherapy with methotrex- 
late reductase, but not thymidylate syn- ate plus 5-fluorouracil in the treatment of 
thetase, thus leading to a decrease in mice with advanced leukemia L1210 (1). Only $375. 
N5,N55-methylenetetrahydrofolate 1ev- In a series of five experiments, Kline et 
els, and possible antagonism with 5-fluo- al. observed that concomitant daily treat- 
rouracil. ment with methotrexate plus 5-fluo- 

We have shown (3) that, in accord rouracil was more effective in increasing 
with this concept, treatment of mice the survival time of the mice than daily 
bearing the sarcoma 180 with methotrex- treatment with the drugs employed mdi- 
ate 1 to 4 hours before treatment with vidually. In these experiments the dmgs 
fluorouracil enhances antitumor effects were combined in a number of metho-  
of fluorouracil; when the combination is trexate/5-fluorouracil dosage ratios, and . 

given simultaneously, no additive effects a wide range of daily treatment levels 
are present; when treatment with 5-fluo- was employed for each combination ra- 
rouracil precedes treatment with meth- tio. Daily methotrexate alone was con- 
otrexate the effect is antagonism (less sistently more effective than daily 5-fluo- ' 

effect than either drug alone). Martin et rouracil alone in increasing survival 
al. (4) have also reported that methotrex- time, and the optimal combination treat- s> - - 

ate pretreatment (1 hour) followed by ment was 11 to 57 percent more effective 
treatment with 5-fluorouracil resulted in than the optimal daily dose of methotrex- 
therapeutic synergy against a spon- ate alone. In these experiments the im- 
taneous (CD8FI) mammary cancer. proved therapeutic effect was observed 

In light of these results we have insti- with a relatively low daily dose of 5- 
tuted clinical studies using pretreatment fluorouracil combined with a dose of 
with methotrexate in combination with methotrexate which was optimal or high- 
treatment with 5-fluorouracil in patients er than the optimal daily dose for meth- 
with breast cancer and colon cancer. If otrexate alone. The data suggest that, on 
the experimental tumor data are appli- the daily schedule, 5-fluorouracil contrib- 
cable to human cancer, this should lead uted to the enhanced therapeutic effect Your laboratory could be using a 
to an increased therapeutic effect with- without itself adding significantly to the new Lauda constant Temperature Oir- 
out an increase in drug toxicity. toxicity for the host. Other schedules of culator with dial-in temperature con- 

J. R. BERTINo therapy for which a therapeutic advan- trol, and for as little as $375. 
Department of Pharmacology, tage was obtained with this drug com- That's the price of the new Model 
Yale University School of Medicine, bination include 5-fluorouracil adminis- c-3T, with 1000 watt heater, 8-liters per minute pumping capacity, easy- 
New Haven, Connecticut 06510 tered as a single dose (day 6 after leuke- to-set one-knob thermostatic control, 

mic inoculation) plus methotrexate ad- built-in coil for external cooling, all 
References ministered either every 4 days or daily stainless-steel components, reading 

Cancer Rex. 34, 571 (1974); I. Kline, J. M. (from day thermometer, and 301OOoC operating 
1. C. R. Bareham, D. E. Griswold, P. Calabrasi, 6). range (o1oo00 using external cool- 

Venditti, J. A. R. Mead, D. D. Tyrer, A. Goldin, In another experiment (2), a com- ing) with ?0.20 control accuracy. 
ibid. 26, 848 (1966); M. H. N. Tattersal, R. C. 
Jackson, T. A. Connors, K. R. Harrup, Eur. .,. parison was made of concomitant daily Need greater control accuracy? 
Cancer 9, 733 (1973). treatment with methotrexate plus 5-fluo- Model c-3B has it (?0.0300), plus 

2. D. V. Santi,. C. S. McHenry, A. Sommer, Bio- rouracil and methotrexate plus 5-fluo- pre-set temperature selection (250, 370 
chemistry i3, 471 (1974). 

3. J. R. Bertino, C. A. Lindquist, w. L. Sawicki, rodeoxyuridine in the treatment of mice and 5600) and fine adlustment within 
V. S. Gupta, Cancer Resin press. 

4. D. 5. Martin, P. Hayworth, E. Davin, R. Stolfi, with advanced leukemia L1210. Both ?1.000, all for $495. 
R. Fugmann, Proc. Am. Assoc. Cancer Res. i7, combinations were For literature on these and other 
130 (1976). drug approximately Lauda models, write: Lauda Division, 

equally effective in enhancing therapy Brinkmann Instruments, Oantiague 
relative to the drugs employed individ- Rd., Westbury, N.Y. 11590. In Oanada: 

Maugh refers to an observation of San- ually. 50 Galaxy Blvd., Rexdale (Toronto), Ont. 
ti and Martin that methotrexate inter- The selection for combination chemo- ADIVisiONOF Lauda 

feres with the activity of 5-fluorodeoxy- therapy of methotrexate plus 5-fluo- 
uridine on tumor cells grown in culture rouracil (and 5-fluorodeoxyuridine) was Circulators 

when the drugs are given at the same based on the biochemical rationale that GRiN N 

time. He also indicates that methotrex- therapeutic enhancement might result Circle No. 132 on Readers' Service Card 
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