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SUMMARY

Methotrexate, 50 to 500 mg/kg, was infused i.v. in 6 hr into
children with metastatic neoplasms. Three hr after termination
of drug infusion, leucovorin (N@-formyltetrahydrofolate)
administration was initiated and continued at 3-hr intervals
throughout the following 24 hr. A total dose equivalent to 5
or 10% by weight of the methotrexate dosage was adminis
tered. At termination of drug infusion, serum levels ranged
between 71 and 727 @.zgof methotrexate per ml with drug
dosages of 100 and 500 mg per kg, respectively. The mean
half-life Â±1 standard deviation of serum methotrexate was 157
Â±3 1 mm. Urinary excretion during the 6 hr of drug infusion
ranged between 35 and 53% of the administered dose.
Ninety-five % of the drug was excreted in the first 30 hr after
initiation of the drug infusion. Transient disappearance or
reduction of tumor size was observed for 3 of 9 patients
treated at 2- or 3-week intervals with a total of 3 1 infusions.
Hematopoietic depression was minimal. Transient elevations of
serum glutamic-oxaloacetic transaminase followed 18 infu
sions, and evidence of abnormal renal function was observed
after 8 infusions. Therapeutic response in 1 patient with
rhabdomyosarcoma and 1 patient with osteosarcoma indicates
a need to screen the sensitivity of other childhood tumors to
high-dose methotrexate therapy plus leucovorin rescue.

INTRODUCTION

Methotrexate is a folic acid antagonist and a potent
inhibitor of dihydrofolate reductase (2, 3, 7), an enzyme that
catalyzes the reduction of folate or dihydrofolate to form
tetrahydrofolate. By inhibition of tetrahydrofolate synthesis,
methotrexate decreases formation of 1-carbon units for the
synthesis of purine nucleotides and thymidylic acid, thus
inhibiting deoxyribonucleic acid synthesis and cell replication.

Leucovorin (N@-formyltetrahydrofolate), if given shortly
after methotrexate, more effectively prevented the toxicity of
methotrexate than it prevented the oncolytic action of the
drug (9, 16, 22, 24, 29). Leucovorin protection from
potentially toxic doses of methotrexate has been called
â€œleucovorinrescueâ€•(16).
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Leucovorin rescue provides tetrahydrofolate as well as a
l.carbon unit for methotrexate-inhibited cells. With cell
cultures, leucovorin prevention of methotrexate intoxication is
competitive rather than noncompetitive as would be expected
if leucovonn were providing products ofblocked reactions (1,
4, 12). Leucovorin protects normal cells, possibly stimulated
to divide by the death of their proliferating sister cells, until
the methotrexate is excreted and adequate metabolism is
recovered. With delayed administration, leucovorin facilitates
urinary excretion of drug (20). The competitive relationship
between methotrexate and leucovorin may be related to the
time required to resynthesize dihydrofolate reductase (12 , 20,
28). Competition may be at the level of thymidylate
synthetase and between methotrexate, N@,NÂ° -methylene
tetrahydrofolate, and the enzyme (4, 26) or for transport into
thecell(9, 11,21).

The therapeutic value of methotrexate is well established
for the treatment of acute lymphocytic leukemia, tropho
blastic tumor, and a variety of nonmalignant dermatological
and collagen diseases (2, 10, 13, 14, 23, 27). In addition, Jaffe
et a!. (18, 19) reported that intermittent treatment with 6-hr
infusions of large doses of methotrexate, 50 to 500 mg/kg,
followed by leucovorin administration for the following 24 hr,
selectively reduced toxicity and produced 2 complete re
sponses and 2 partial responses in a series of 10 patients with
pulmonary metastases of osteosarcoma. Toxicity encountered
in these patients included hematopoietic depression, vomiting,
stomatitis, mucosal ulcerations, abdominal pain, and abnormal
renal function.

The objective of this study was to test the safety of
high-dose methotrexate, 100 to 500 mg/kg, in combination
with leucovorin rescue, to ascertain blood levels attained with
these dosages, to determine the effect of leucovorin on serum
drug levels, to measure urinary excretion, and to obtain
preliminary information on the response of various pediatric
neoplasms.

MATERIALS AND METhODS

Patients. Nine children, ages 5 to 17 years, with drug
refactory malignant tumors were treated with 3 1 courses of
methotrexate. Four patients had osteosarcoma (2 with
pulmonary metastases, 1 with pulmonary and bony metas
tases, and 1 with primary tumor involving the face). Two
patients had pulmonary metastases of rhabdomyosarcoma, 1
patient had pulmonary metastases of liposarcoma, 1 had bony
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metastases of Ewing's sarcoma, and 1 had intraabdominal
metastases from mixed malignant teratoma of the ovary. Seven
patients had prior treatment with 6Â°Co teletherapy. One
patient with osteosarcoma and each of the patients with other
tumors had received prior treatment with oncolytic drugs.

Treatment. Methotrexate (NSC 740) was supplied by the
Cancer Therapy Evaluation Branch of the National Cancer
Institute in sterile ampules containing 500 mg of drug. The
agent was administered in increasing dosages at 2- or 3-week
intervals. The initial dosage of methotrexate was 50 mg/kg for
1 patient and 100 mg/kg for the others. Dosage was increased
by increments of 100 mg/kg to a final dosage of 500 mg/kg,
and was administered by 6-hr infusion in 500 to 1000 ml of
5% dextrose; i.v. fluids were continued for the next 24 hr.
Three hr after termination of the infusion, leucovorin was
administered by â€œi.v.pushâ€•and repeated at 3-hr intervals for 8
doses. The total leucovorin dosage varied between 2 and 40
mg/kg.

Patients were hospitalized for each methotrexate infusion
and for at least 36 hr thereafter. Hemograms, coagulation,
liver, and kidney function tests were performed prior to and
frequently following each methotrexate treatment ; these
parameters were normal prior to admission to study. Creati
nine clearance studies were performed before each infusion of
methotrexate; normal clearance values were obtained for all
but 1 patient. Supportive care was provided as required.

Methotrexate Levels. Serum and urine levels of methotrex
ate were assayed by inhibition of dihydrofolate reductase (28).
In this study, the more sensitive isotopic assay of enzyme
activity was substituted for the spectrophotometric assay of
the original report (25). Rat liver was the source of
dihydrofolate reductase and a NADPH-regenerating system for
the assay. A 25% rat liver homogenate in 0.25 M sucrose-2 mM
Tris chloride, pH 7.0, was prepared by centrifugation at
100,000 X g for 30 mm. Reagent for the assay contained 0.46
M dimethyiglutarate, sodium, (pH 6.1), 46 iM MgCl2, 61 jiM
citrate, 1 mM NADPH, 1.1 jiM folate, and 0.15 jiCi generally
labeled folate-3 H per ml. Serum was serially diluted with 0.07
M dimethylglutarate, pH 6.1 , to a drug concentration that
resulted in approximately 50% inhibition of the enzyme. A
standard titration curve of methotrexate inhibition was
prepared simultaneously with the assay of serum or urine
specimens. Serum or urine content of methotrexate was
determined from the standard titration curve. Methotrexate
standards were prepared from the same lot of drug that was
administered. The incubation system contained 23.1 jil diluted
serum, urine, or methotrexate standard; 7.9 p1 reagent; and
16.3 p1 rat liver homogenate. After 1 hr ofincubation at 37Â°,
47 jil 15% trichloroacetic acid containing 0.05% NaNO2 was
added. After 10 mm at room temperature, 77.6 j.il charcoal
suspension, 100 mg/ml, was added and the mixture was
centrifuged for 10 mm at 500 X g. A 79.3-jzl aliquot of the
supematant fluid was diluted with 10 ml of liquid scintillation
cocktail for counting. Serum levels were determined for 7
patients, and 3 patients were studied twice. Blood was
collected immediately prior to initiation of the 6-hr metho
trexate infusion to test for nonspecific inhibition, which was
not observed, and at 3-hr intervals for 24 hr after completion
of the infusion. In an attempt to avoid nonspecific inhibition
by supportive therapy, all serum specimens were diluted at

least 100-fold before assay. Urinary excretion was assayed
after 6 methotrexate infusions. For 30 hr after initiation of
the methotrexate infusion, urine was collected and pooled for
3-hr intervals.

RESULTS

Serum and Urine Methotrexate Levels. Higher serum levels
were associated with higher dosages of methotrexate (Fable I).
Serum levels varied between 71 and 727 jig/ml at termination
of methotrexate infusion. Forty-one % of the methotrexate
dose (range, 35 to 53% for 4 infusions) was excreted by the
time that the infusion was completed at 6 hr (Table 2).

After completion of the infusion, methotrexate disappeared
from the serum with a mean half-life Â±S.D. of 157 Â±31 mm
(Table 1). With the serum concentrations found for these
patients, the disappearance of methotrexate was monophasic,
and the initiation of leucovorin rescue after collection of the
9-hr specimen did not change the rate of methotrexate
disappearance from serum (Chart 1).

Methotrexate is excreted primarily via the kidneys (5). Drug
recovery from urine in the 1st 30 hr averaged 95% for 6
patients and ranged from 77 to 110% of administered drug.

Toxic Effects. Side effects are presented in Table 3 for each
dosage level of methotrexate-leucovorin. Many of the patients
had nausea and vomiting during the infusion period, and these
symptoms continued for several patients following injection of
leucovorin. Generally, these symptoms were relieved by
antiemetics. In 2 patients, mucosal ulcerations were associated

Table 1
Methotrexate levels and rate ofdisappearance from serum

initiated at 3 hr after termination ofLeucovorin rescue was
methotrexate infusion.

a Mean half-life for methotrexate disappearance was 157 Â± 31 mm,

mean Â±S.D.
b Methotrexate content of a 1 :100 serum dilution was below the

sensitivity of the assay.

Table 2
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Chart 1. Serum levels of methotrexate after a 6-hr infusion.

with anorexia without an associated weight loss. One patient
complained of severe abdominal discomfort during infusion of
500 mg of methotrexate per kg.

Hematopoietic depression was generally and unexpectedly
mild. However, 2 patients did require transfusions; in 1
patient, transfusion was for hemorrhage from the bladder,
associated with thrombocytopenia. Nadir of leukopenia (WBC
< 2000 cells/cu mm) was at 3, 5, and 7 days in the 3 patients
with this complication.

Transient elevation of serum glutamic-oxaloacetic transami
nase levels occurred following 18 of 3 1 methotrexate
infusions. These elevations ranged from 43 to 488 units
(normal, up to 40 Sigma-Frankel units); median level of these
increased values was 56 units. Six of the 9 levels that exceeded
the median value followed methotrexate infusions of 300
mg/kg or more. Each of the elevated values returned to normal
in 4 to 14 days (median, 7 days). Three patients had minor
increases in serum bilirubin levels, without evidence of
hemolysis or clinical evidence of icterus. None of the patients
developed abnormalities of serum albumin or alkaline phos
phatase values. Hepatitis was not suspected because these
levels did not exceed 3 .5 mg/lOO ml and did not persist for
longer than 3 days. Depression of serum albumin levels did not
occur.

Abnormal renal function was noted after 8 infusions. One
patient had increased uric acid levels following each of 4
infusions; these increases of uric acid levels up to 8 .8 mg/l00
ml (normal <5 .9 mg/100 ml) were not associated with
increased blood urea nitrogen values and returned to normal
within 3 days. Increased blood urea nitrogen values were noted
3, 4, 6, and 12 days following methotrexate infusions in 3
patients; these abnormal values returned to normal ranges by
5, 6, and 12 days, except in the patient who expired 20 days
after methotrexate infusion.

Three patients developed mild acneform eruptions or
dryness of the skin within 3 days after methotrexate infusion.
Specific therapy was not required for reversal of these changes.

Neither erythema of previously irradiated areas nor evidence
of central nervous system dysfunction was observed.

Sections of liver, lung, and kidney from 4 patients who died
following treatment with high-dose methotrexate-leucovorin
rescue were examined histologically; 3 of these deaths were
associated with progressive tumor growth. The 4th patient
died of hemorrhagic cystitis, but without evidence of
megaloblastic marrow, skin changes, or liver failure, which are
associated with methotrexate intoxication. Early centrolobular
fatty metamorphosis was noted in liver sections from 2
patients. Lung sections from 2 patients showed acute
bronchopneumonia and alveolar edema, and 3 patients had
focal atelectasis; 2 patients with previous radiotherapy to the
lungs showed mild irregular fibrosis of the alveolar septa.
Sections of the kidneys with normal glomerular structure
showed membranous thickening of the glomerular capillaries.
Multifocal tubular necrosis with mineralization was noted in
sections from 1 patient.

A 4-year-old female, S. B., with mixed malignant teratoma
of the ovary and peritoneal metastases, received methotrexate
100 mg/kg, followed by leucovorin, 2 mg/kg, in 8 divided
doses. She had pretreatment hydronephrosis with impaired
creatinine clearance (49 mi/mm) and had received 2 courses of
abdominal radiotherapy. Twenty-four hr after completion of
the methotrexate infusion she developed pronounced hema
turia. Hemorrhagic cystitis and bladder necrosis were found at
postmortem examination 20 days after treatment with
methotrexate.

Therapeutic Response. All tumor responses were observed
following treatment with dosages of 100 mg of methotrex
ate/kg, and further response did not occur with increased
dosages. Pulmonary metastases disappeared briefly in 1 patient
with osteosarcoma, but after 2 weeks other pulmonary
metastases were noted. Subsequent infusions at increased
dosage failed to reduce the size of these later metastases. One
patient with pulmonary metastases from rhabdomyosarcoma
had partial resolution of all lesions for 6 weeks. Another
patient with perineal rhabdomyosarcoma had greater than 25%
reduction in size of the primary tumor without reduction of
his pulmonary metastases. Measurable responses were not
observed for the other patients.

DISCUSSION

Leucovorin rescue was originally planned to utilize a total
leucovorin dosage equivalent to 10% by weight of the
methotrexate dose. However, because less toxicity was
observed with high.dose methotrexate plus leucovorin rescue
than with 25 mg of methotrexate per sq m given twice weekly,
and because nausea and vomiting occurred with leucovorin
administration, leucovorin dosage was reduced. At present we
are safely using a leucovorin dose equivalent to 5% of the
methotrexate dosage and are exploring the feasibility of
delaying the initiation of leucovorin administration for more
than 3 hr after termination of methotrexate infusion. Nausea
and vomiting, attributed to leucovorin, were reduced with this
lowerdosage.

A serum half-life of 2 to 3.5 hr for methotrexate
disappearance is in agreement with the reported values of 134
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Â± 2 1 mm for the initial, rapid phase of methotrexate
disappearance on more conventional dosages (15). There was
no evidence that leucovorin altered methotrexate excretion.
The immediate postinfusion serum levels of methotrexate fit
the curves for methotrexate disappearance after initiation of
leucovorin rescue.

In the 24-hr period immediately after termination of
methotrexate infusion, the fall in serum levels of drug obeyed
1st-order kinetics. The value for the half-life of methotrexate
in serum indicates that we observed the â€œinitialâ€•phase
reported by Johns et aL (20). Furthermore, the kinetics
indicate that the capacity for clearing methotrexate from
blood was not overloaded by these large doses. In addition, if
leucovorin displaced methotrexate from tissue, the effect must
have been small and masked by the experimental variation in
assaying the large serum levels. The slow displacement, or
leeching, of drug from tissues presumably developed after the
study was terminated (20). These data do not indicate the 3rd
phase with 12 45 mm that was reported by Huffman et aL
(17).

Initially, methotrexate was used on a daily treatment
schedule. Improved response accompanied twice-weekly ad
ministration of large doses. Once-weekly treatment schedules
with the drug were effective, and intermittent treatment with
large doses of methotrexate induced remission of acute
lymphocytic leukemia that was resistant or insensitive to more
conventional dosages (7, 23). The common factor in the
development of these treatment protocols was the elevation of
methotrexate serum levels and presumably the level in the
body-water compartments. Determinations of the relation
between serum drug levels, size of intracellular drug pools, and
optimal time for termination of drug action by leucovorin
administration require further study.

High-dose methotrexate treatment with leucovorin rescue
(6, 8) was a logical extension of earlier clinical and preclinical
studies, but we do not know that therapeutic oncolysis
requires serum levels as high as we attained. However,
high-dose methotrexate, 50 to 500 mg/kg, with leucovorin
rescue was safely utilized for treatment of patients with
normal creatinine clearance rates. Tolerable effects on hemo
globin, total white blood cell count, and platelet count
following these 3 1 infusions of high-dosage methotrexate plus
leucovorin rescue were not prohibitive except for 1 patient
with compromised kidney function.

The demonstration of response by osteosarcoma and
rhabdomyosarcoma to 6-hr infusions of methotrexate fol
lowed by leucovorin rescue indicates a need for further
investigation of the response by other childhood malignant
tumors to this treatment. The low toxicity encountered with
the present treatment schedules, the lack of drug equilibration
in the total body-water, and the extremely high serum levels
obtained with 100 mg of methotrexate per kg body weight
indicate a need for more detailed examination of treatment
and dosage schedules for leucovorin administration in corn
bination with high-dose methotrexate treatment.
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