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ABSTRACT

Because of the synergy seen in adult trials when 5-fluorouracil is
combined with leucovorin, we initiated a Phase I trial of this combination
in children's refractory cancer. Leucovorin, an equal mixture of the
(6/i,,S")-diastereoisomers, was administered p.o. for 6 consecutive days as
4 equal doses at 0, 1, 2, and 3 h totaling 500 mg/m2/day. 5-Fluorouracil

was given daily on days 2 to 6 as an i.v. bolus immediately following the
last dose of leucovorin. The leucovorin dose was held constant while the
5-fluorouracil dose was escalated in cohorts of patients from 300 mg/m2/
day to its maximally tolerated dose. Thirty-five patients (19 with acute
leukemia and 16 with solid tumors) were Ã©valuablefor toxicity. The
maximally tolerated dose of FUra was 450 mg/m2/day for 5 treatments
for patients with solid tumors and 650 mg/m2/day for 5 treatments for
the children with leukemia. The dose-limiting toxicities were myelo-
suppression and stomatitis. Other side effects included transient, mild
elevations of serum transaminases, mild nausea, vomiting, and diarrhea.
The pharmacokinetics of high-dose p.o. leucovorin was studied in 23
children. There was considerable interpatient variability in the plasma
concentrations of total bioactive folates (TBAF), (6S)-leucovorin, and
(65)-5-methyltetrahydrofolic acid. The maximum plasma concentration
(Câ€žâ€ž)of TBAF was 821 Â±97 (SE) nM, occurring at a median of 8 h; the
Câ„¢,of (65>leucovorin was 77 Â±11 nM, occurring at 4 h. The TBAF
concentration fell to 146 Â±42 HMby 24 h. (65>5-Methyltetrahydrofolic
acid accounted for 90 Â±7% of the TBAF at the ( â€ž,,x.The plasma
concentration of (6/?)-leucovorin, the unnatural isomer, was equal to that
of TBAF. Thus, p.o. leucovorin reduced the 5-fold excess of (6W)-
leucovorin over TBAF seen after i.v. doses. The relative amounts of the
three major plasma species were approximately the same as in adults,
even though the ('â€ž,â€ž,of each compound was lower.

INTRODUCTION

The fluorinated pyrimidine analogue FUra3 is frequently used

for the treatment of many adult carcinomas. FUra exerts its
antitumor effects through the metabolic conversion to 5-fluo-
rouridine-5'-triphosphate with subsequent incorporation into

RNA and through the formation of FdUMP and inhibition of
thymidylate synthase (1, 2). FdUMP is a competitive inhibitor
of thymidylate synthase by formation of a ternary complex with
the active site of the enzyme and 5,10-methylenetetrahydro-
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folate. The presence of 5,10-methylenetetrahydrofolate in
creases the binding constant for FdUMP by seven or eight
orders of magnitude (3, 4). Intracellular levels of reduced folate
cofactors can be a critical determinant of the cytotoxic effects
of FUra. Should folate cofactors be depleted, administration of
leucovorin with fluorinated pyrimidines would be expected to
enhance the inhibition of thymidylate synthase by FdUMP.
This hypothesis has been verified using LI210 cells and human
cells in tissue cultures (4-6).

Leucovorin is the soluble calcium salt of diastereoisomers,
(oA^J-folinic acid. It is generally accepted that only the natural
isomer (6S)-leucovorin is active as a cofactor. The natural
isomer is extensively metabolized in the body to its active
metabolite 5,10-methylenetetrahydrofolate.

Clinical trials using FUra and leucovorin in adult patients
with colorectal carcinoma have shown objective tumor re
sponses of up to 22% in previously treated patients and 26 to
44% in untreated patients (7-9).

FUra showed minimal activity against childhood acute leu
kemia and solid tumors in early clinical trials (10, 11). Because
of the potentiation seen in animal and adult trials, the Chil
dren's Cancer Study Group decided to conduct a Phase I trial

of combination chemotherapy (CCG-8603) with high-dose leu
covorin and FUra in children with refractory cancer. Adminis
tration of leucovorin p.o. was chosen for outpatient convenience
and because absorption differs for (65)- and (6/?)-leucovorin.
The ratio of plasma concentration of the unnatural isomer,
(6Ã„)-leucovorin, to the TBAF is substantially lower after p.o.
than after i.v. doses (12). The unnatural isomer could interfere
with transport, binding, or metabolism of (65)-leucovorin or
its metabolites, although recent evidence suggests that it may
not interfere with the enhancement of FUra toxicity by the
(6S)-isomer (13). The absorption of leucovorin is saturable, so
the 500-mg/m2/day dose of leucovorin was divided into four

doses given at 0, 1, 2, and 3 h (12, 14, 15). FUra was adminis
tered as an i.v. bolus daily for 5 days. In order to achieve the
maximal effect of leucovorin on folate pools and thus potentiate
the effect on ternary complex formation, leucovorin was started
1 day before the FUra and continued daily for a total of 6 days.

This paper reports the maximally tolerated dose of FUra
when given with leucovorin p.o. and the toxicities and the
concentrations of (6A)-leucovorin, (6S>leucovorin, and its ma
jor metabolite CH3-THF during the 6 days of daily treatment.

MATERIALS AND METHODS

Patient Eligibility. This study enrolled patients less than 21 yr old
from the selected institutions of the Children's Cancer Study Group

and the Pediatrie Branch of the National Cancer Institute. All patients
had histologically confirmed cancer refractory to conventional forms
of therapy or for which no other therapy with established efficacy was
available. Patients had recovered from the toxic effects of prior therapy,
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Table 1 FUra doses in pediatrÃ¬epatients

Doselevel1

2
3
4
5
6Dose

(mg/m2)Â«300

375
450
550
650
725Evaluable

patientsLeukemia3

124

7
2Solid

tumor2

2
10
2

Table 2 Patient characteristics

No. of patients entered on trial

No. of Ã©valuablepatients

Age (yr)
Median
Range

Sex
Male
Female

No. of patients with prior therapy
Chemotherapy alone
Chemotherapy + radiotherapy
None

Diagnosis of Ã©valuablepatients
Leukemia

Acute lymphoblastic
Acute nonlymphocytic

Osteosarcoma
Rhabdomyosarcoma
Astrocytoma
Neuroblastoma
Wilms' tumor

Hepatocellular carcinoma
Undifferentiated carcinoma
Undifferentiated sarcoma
Pancreatic adenocarcinoma
Nasopharyngeal fibrosarcoma
Choroid plexus carcinoma

45

35

9
1-21

20
15

11
23

1

16
3
4
2
2

Institute, Bethesda, M D. This is a I to IV scale with IV defined as life
threatening; specific limits for each toxicity grade depended on the
organ system. Dose escalation was stopped when Grade III or IV
toxicity was observed in over half of the patients entered at that level.
After Level 3 was established as the MTD for solid tumor patients,
additional patients were studied at that level to further define the
toxicities.

Drug Formulation and Administration. Leucovorin calcium was sup
plied by Burroughs Wellcome Company as 25-mg tablets. The first
dose of leucovorin was administered p.o. in the morning after an
overnight fast. The subsequent 3 doses for the day were administered
an hour apart. After the first dose of leucovorin, patients were allowed
to eat, but milk products were excluded until l h after the last dose.
FUra, diluted in 30 to 50 ml of 5% dextrose or normal saline solution,
was administered as an i.v. bolus infusion over IS min daily for 5 days
starting after the second day of leucovorin administration.

Pharmacokinetics. Twenty-three patients were studied following their
first dose of leucovorin. Blood samples (3 ml) were obtained in hepa-
rinized tubes containing lyophilized 15-nig sodium ascorbate pH 6.5,
prior to leucovorin administration and then at 1,2, 3, 4, 5, 8, 12, 24,
48, 72, 96, and 120 h after the start of leucovorin treatment. The blood
samples were placed on ice until plasma was separated by centrifuga
tion. Plasma samples were stored frozen at â€”20Â°Cuntil assayed.

Analytical Procedures. The procedures used to determine TBAF,
(6S)-leucovorin, (6/?)-leucovorin, and CH3-THF are described in detail
elsewhere (16, 17). The limits of detection are 0.3 nM for TBAF and

Table 3 Toxicities in solid tumor patients

had a life expectancy of at least 8 wk, and had signed an informed
consent in accordance with the individual institutional policies.

At the time of the study, all patients had adequate liver function
(hi linibin, <2.0 mg/100 ml; serum glutamic-pyruvic transa minasi1.
<100 units/liter) and adequate renal function (normal serum creatinine
for age; uric acid, <10 mg/dl). All patients with solid tumors had
adequate bone marrow function (granulocyte count, >1000/mm3).

Complete blood counts, liver enzymes, creatinine, and uric acid levels
were repeated on Days 7, 14, and 21 of each 21-day treatment cycle.

Study Design. The primary objective of the Phase I trial was to define
the toxicities and determine the MTD of FUra in children when
administered as an i.v. bolus over 15 min daily for 5 days in combination
with a fixed p.o. dose of leucovorin. The starting dose of FUra for this
trial, 300 mg/W/day for 5 days, is approximately 75% of the recom
mended adult MTD. Subsequent FUra dose levels were each approxi
mately 25% greater than the previous ones (Table 1). A minimum of
one patient with leukemia and two patients with solid tumor were
entered at each dose level. The MTD was determined in patients with
both leukemia and solid tumors. The leucovorin was administered p.o.
at 0, 1, 2, and 3 h daily for 6 days, commencing 28 h prior to the first
dose of FUra. The daily dose of leucovorin was 500 mg/m2 divided into
4 equal doses, rounded to the closest 12.5 mg (one-half tablet). Second
and subsequent courses were administered no more frequently than
every 21 days apart or when the patient had recovered from the toxic
effects of the therapy. Patients were monitored with appropriate labo
ratory studies and for clinical signs of toxicity. Protocol treatment was
stopped in individual patients if they experienced unacceptable toxicity
or if objective disease progression was noted prior to completion of any
21-day cycle. Toxicity was graded by the Cancer Clinical Trials Com
mon Toxicity Scale, Division of Cancer Treatment, National Cancer
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Dose(mg/m3)300450375450375450550375450550450550Evaluablepatients21021021022102102No.ofcourses
1+Nausea

andvomiting2

115Hepatic3

115Thrombocytopenia315

33
1Neutropenia3153Stomatitis153Grade2+

3+111112

21
14+11731Table

4 Nonhematological toxicities in leukemicpatientsDose(mg/m2)300450650450650450650725300550Evaluablepatients3272727233Nn

ofcourses

1+Nausea

andvomiting33

1gDiarrhea3

1gStomatitis38

12Hepatic3

13
1Grade2+

3+1111214+1
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Table 5 Plasma levels of bioactive folates in children receiving (6R,S)-leucovorin p.o.

TBAPCMean

Â±SEMedianRangen(65)-

LeucovorinMean
Â±SEMedianRangenCH3-THFCMean

Â±SEMedianRangen(6Ã„)-LeucovorinMean

Â±SEMedianRangenCmâ€ž(nM)821

Â±97767223-2,1202377

Â±11629-19123813

Â±129728239-1,510111,070

Â±265854364-2,0707Time

of Cmâ€ž
(h)84-1241-884-1285-8y->

al~min(nM)146

Â±429710-620175.1

Â±1.42.9<0.3-2017214

Â±8210770-98411471

Â±23621381-1,8607AUCo-24*(nM

h)9,330

Â±1,6407,2501,370-29,900503

Â±9942074-1,4109,980

Â±2,0706,6003,100-27,00015,600

+4,8709,1006,580-44,100

Â°Concentration in plasma at 24 h, just prior to the second day's (6A,S)-leucovorin.
* AUCo-2Â«,area under the Cp versus time curve from 0 to 24 h.
' TBAF and CH3-THF are total biologically active folates and 5-methyltetrahydrofolate, respectively.

(65)-leucovorin and 30 nM for (6/?)-leucovorin and CH3-THF. AUCs
were estimated using the linear trapezoidal rule for ascending portions
of the curves and the logarithmic trapezoidal rule for the descending
portions. The areas were not extrapolated beyond 24 h.

RESULTS

Phase I Trial. A total of 45 patients were entered. Ten
children were not fully Ã©valuable:five patients had rapidly
progressive disease necessitating a change in therapy before
completion of the first 21-day treatment cycle (four acute lym-
phoblastic leukemias, one neuroblastoma); two patients died of
their underlying disease prior to completion of the study (hep-
atocellular carcinoma and undifferentiated sarcoma of the
chest); one patient was withdrawn from the study by her parents
before completing therapy (acute lymphoblastic leukemia); and
two patients had a major protocol violation (acute lymphoblas
tic leukemia and rhabdomyosarcoma). These ten children did
not experience any unusual or severe toxicities from treatment
while on study.

The characteristics of the Ã©valuablepatients are listed in
Table 2. The majority of patients had been heavily pretreated.
Table 3 summarizes the toxicities in solid tumor patients.
Hematological toxicity, which included both neutropenia (gran-
ulocyte count, <500/mm3) and thrombocytopenia (platelet
count, <25,000/mm3), appeared to be dose related. At Dose

Levels 1 to 3, the nadir of the WBC and platelets counts
occurred between Days 14 to 17 with recovery within 5 to 7
days. At Level 4, both solid tumor patients had Grade 4
neutropenia, and one died on Day 17 while still neutropenic.
Subsequent solid tumor patients were enrolled at Level 3. Less
than 50% of courses at Level 3 produced Grade 4 neutropenia,
and marrow recovery was complete in all these patients. Com
pared with adult patients very few patients had severe gastroin
testinal toxicity. No patients had diarrhea directly attributable
to therapy. One patient developed severe diarrhea due to a
rotavirus infection. Thus, the MTD for FUra in solid tumor
patients is 450 mg/m2/day for 5 days with p.o. leucovorin at
500 mg/m2/day for 6 days.

One patient with leukemia at Level 5 developed a mild

generalized maculopapular rash which cleared without stopping
the therapy. He was also receiving amphotericin while on the
study. Table 4 summarizes the other nonhematological toxici
ties in leukemic patients. One of the two patients at Level 6
developed severe stomatitis, necessitating hospitalization and
i.v. therapy. Thus, the MTD for patients with leukemia is at
Level 5 (FUra at 650 mg/m2/day for 5 days with p.o.

leucovorin).
No complete responses were observed in the patients Ã©valu

able for response. One patient with rhabdomyosarcoma tran
siently cleared a metastatic lung lesion following one course of
treatment at Level 3. However, he developed progressive disease
in the primary site following the second course of therapy. The
patient with pancreatic adenocarcinoma had stable disease fol
lowing two courses of therapy at Level 2. Two patients with
acute leukemia at Level 4 and one patient at Level 5 had
transient clearing of peripheral lymphoblasts during treatment.

Pharmacokinetics of Leucovorin. Table 5 presents the descrip
tive statistics for parameters relevant to the pharmacokinetics
of leucovorin and its major metabolite, CH3-THF. The primary
intent was to establish the Cmaxof TBAF and (65)-leucovorin

1000 -â€¢

20 24
Hours

96 120

Fig. 1. Plasma concentration of folates after p.o. (6A,5)-leucovorin. (AW)
Leucovorin (A), TBAF (O), CH3-THF (â€¢),and (65)-leucovorin (A) in plasma
from 7 patients. The scale of the y-axis is logarithmic. The linear scale of the x-
axis changes between 24 and 48 h. Points, mean; bars, SEM.
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Appendix Table I Participating principal investigatorsâ€”Children 's Cancer Study Group

Institution Investigator Grant

Group Operations Office, University of Southern California
Comprehensive Cancer Center, Los Angeles, CA

Children's Hospital and Medical Center, Seattle, WA

Children's Hospital National Medical Center, Washington, DC

Children's Hospital of Los Angeles, Los Angeles, CA

Childrens Hospital of Pittsburgh, Pittsburgh, PA

University of Minnesota Health Sciences Center, Minneapolis,
MN

Children's Hospital of Philadelphia, Philadelphia, PA

Harbor/UCLA and Miller Children's Medical Center, Torrance

and Long Beach, CA

University of Medicine & Dentistry of New Jersey, ( 'aniden. NJ

Denman Hammond, M.D.
John Weiner, Dr. P.H.
Harland Sather, Ph.D.
Mark Krailo, Ph.D.
Jonathan Buckley, M.B.B.S., Ph.D.
Madeline Bauer, Ph.D.
Daniel Stram, Ph.D.

Ronald Chard, M.D.

Gregory Reaman, M.D.

Jorge Ortega, M.D.

Vincent Albo, M.D.

William Woods, M.D.

Anna Meadows, M.D.

Jerry Finklestein, M.D.

Milton Donaldson, M.D.

CA 13539

CA 10382

CA 03888

CA 02649

CA 36015

CA 07306

CA11796

CA 14560

achieved with the p.o. dosing scheme. In a subset of the patients,
we determined the complete time course of Cp, including the
levels immediately before the dose of leucovorin on subsequent
days. (6A)-Leucovorin and CH3-THF were determined in a
subset of the patients. Fig. 1 illustrates the Cp time course for
the subset of 7 patients in whom TBAF, CH3-THF, and (65)-
and (6A)-leucovorin were all measured. CH3-THF was assayed
by a combined high-pressure liquid chromatography and micro
biological method (17). At the time of the Cmaxof TBAF, the
high-pressure liquid chromatography fraction with the reten
tion time of CHj-THF was 90 Â±7% (mean Â±SE) of the TBAF,
measured by direct microbiological assay of the plasma. The
sum of the fractions with the retention time of CH3-THF and
leucovorin was 97 Â±7% of the TBAF. At the same time point,
(6A)-leucovorin, which is inactive in the microbiological assay,
was 87 Â±18% of TBAF. Comparing the AUCs rather than just
the time point of the maximum TBAF, the ratio of CH3-THF
to TBAF was 91 Â±4% and of (6A)-leucovorin to TBAF was

106 Â±16%.

DISCUSSION

The combination of FUra with leucovorin has a clear bio
chemical basis. Clinical trials in adult patients show consistently
better results with the combination than with FUra alone (8,
9). Five-day courses of i.v. leucovorin and FUra followed by
drug-free intervals of 21 days are the schedule commonly used
in adult patients.

High-dose p.o. leucovorin is being evaluated in adult patients
(12, 14). Administration p.o. takes advantage of the stereose-
lectivity of absorption. Dosing p.o. reduces the amount of the
unnatural isomer, (6/Ã®)-leucovorin, in the plasma (14, 15).
Although the absorption of (65)-leucovorin or its metabolite
CH3-THF is saturable, the absorption of (6A)-leucovorin is
even lower. Consequently, in these adult trials, the ratio of the
Cp of (oA)-leucovorin to the Cp of TBAF after p.o. administra
tion is substantially lower than after i.v. administration (14, IS,
17). The pharmacokinetics of leucovorin p.o. in children has
not been reported previously. In accord with this lower absorp
tion of (6/?)-leucovorin, the Cp of (6A)-leucovorin was equal to
the Cp of TBAF in our pediatrie patients (Fig. 1).

Leucovorin p.o. pharmacokinetics in pediatrie patients was
characterized by considerable interpatient variability. Some of
the reasons for this could be that the children studied were of
different ages (1 to 21 yr) and had widespread cancer or leuke
mia. Most p.o. leucovorin pharmacokinetic data in adults have
been from normal healthy volunteers (12, 14, 15, 18). The Cmiut
of TBAF in children (0.8 Â¿tM)was only one-fifth the concentra
tion reported in one study in adults given the same dosing
schedule (14) and less than the steady-state concentration in
adults treated with a more spread-out schedule (12). Similar to
the results in adults ( 12,14,15,18), CH3-THF was the predom
inant biologically active species in the plasma of children. The
concentration of (6S>leucovorin was an order of magnitude
lower. The Cmaxof CH3-THF and (6S)-leucovorin, 813 and 77
MM,respectively, achieved in this study was substantially lower
than the steady-state concentrations, 5780 and 3320 nM, re
spectively, achieved by continuous infusion i.v. administration
of the same dose of (6/?,S)-leucovorin (17). However, concen
trations of CH3-THF as low as 500 nM have been reported to
augment the inhibitory effect of FUra on the growth of CCRF-
CEM cells in culture (19).

The toxicities associated with the combination chemotherapy
were acceptable and predictable. Myelosuppression was the
most common dose-limiting side effect in pediatrie patients
with solid tumors, most of whom were heavily pretreated. As
in adult patients, stomatitis was the next most common toxicity.
The dose recommended for Phase II trials in children with solid
tumors using this schedule is FUra at 450 mg/m2/day for 5

days. Children with leukemia tolerated the combination better
than did children with solid tumors. Severe stomatitis was only
seen in a leukemic patient at 750 mg of FUra/m2/day for 5

days. Surprisingly, no patient had severe diarrhea directly at
tributable to chemotherapy. No patient had neurotoxicity. The
recommended dose for Phase II trials for children with leukemia
is FUra at 650 mg/m2/day for 5 days when it is given with p.o.

leucovorin in this schedule.

REFERENCES

1. Heidelberger, C. Fluorinated pyrimidines. Prog. Nucleic Acid Res. Mol.
Biol., 4: 1-50, 1965.

4874

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/18/4871/2445433/cr0510184871.pdf by guest on 19 M

ay 2023



LEUCOVORIN AND 5-FLUOROURAC1L p.o. IN CHILDREN

2. Moran, R. G., Werkheiser, W. C., and Zakrzewski, S. F. Folate metabolism
in mammalian cells in culture. J. Biol. Chem., 251: 3569-3575, 1976.

3. Heidelberger, C., Danenberg, P. V., and Moran, R. G. Fluorinated pyrimi-
dines and their nucleosides. Â¡n:A. Meister (ed.). Advances in Enzymology,
Vol. 54, pp. 57-119. New York: John Wiley & Sons, 1983.

4. Santi, D. V. A biochemical rationale for the use of 5-fluorouracil in combi
nation with leucovorin. In: H. W. Brukner and Y. M. Rustum (eds.), Advances
in Cancer Chemotherapy: The Current Status of 5-Fluorouracil-Leucovorin
in Calcium Combination: Symposium Sponsored by Roswell Park Memorial
Institute, pp. 1-11. New York: John Wiley & Sons, 1984.

5. Keyomarsi, K., and Moran, R. G. Folinic acid augmentation of the effects of
fluoropyrimidines on murine and human leukemic cells. Cancer Res., 46:
5229-5235, 1986.

6. Mini, E., Moroson, B. A., and Berlino, J. R. Leucovorin (LV)-fluoropyrim-
idine synergy in the human leukemic lymphoblast cell line CCRF-CEM.
Proc. Am. Assoc. Cancer Res., 26: 324, 1985.

7. Machover, D., Goldschmidt, E., Chollet, P., et al. Treatment of advanced
colorectal and gastric adenocarcinomas with 5-fluorouracil and high-dose
folinic acid. J. Clin. Oncol., 4: 685-696, 1986.

8. Poon, M. A., O'Connell, M. J., Moertel, C. G., et al. Biochemical modulation

of fluorouracil: evidence of significant improvement of survival and quality
of life in patients with advanced colorectal carcinoma. J. Clin. Oncol., 7:
1407-1417, 1989.

9. Doroshow, J. H., Multhauf, P., Leong, L., et al. Prospective randomized
comparison of fluorouracil rmw.v fluorouracil and high-dose continuous
infusion leucovorin calcium for the treatment of advanced measurable colo

rectal cancer in patients previously unexposed to chemotherapy. J. Clin.
Oncol., Â«.-491-501, 1990.

10. Krivit, W., and Bentley, H. P. Use of 5-fluorouracil in the management of
advanced malignancies in childhood. Am. J. Dis. Child., 100:217-227,1960.

11. Wolman, I. J., and Gens, R. D. Progress report on the use of 5-fluoro-2'-
deoxyuridine (5-FUDR) in childhood leukemias and neoplasms. Cancer
Chemother. Rep., 2: 14-15, 1959.

12. Schilsky, R. L., and Ratain, M. J. Clinical pharmacokinetics of high-dose
leucovorin calcium after intravenous and oral administration. J. Nati. Cancer
Inst., 82: 1411-1415, 1990.

13. Bertrand, R., and Jolivet, J. Lack of interference by the unnatural isomer of
5-formyltetrahydrofolate with the effects of the natural isomer in leucovorin
preparations. J. Nati. Cancer Inst., */: 1175-1178, 1989.

14. HiÃ±es,J. D., Zakem, M. D., Adelstein, D. J., et al. Bioavailability of high-
dose oral leucovorin. NCI Monogr., 5: 57-60, 1987.

15. Straw, J. A., Szapary, D., and Wynn, W. T. Pharmacokinetics of the
diastereoisomers of leucovorin after intravenous and oral administration to
normal subjects. Cancer Res., 44: 3114-3119, 1984.

16. Newman, E. M., and Tsai, J. F. Microbiological analysis of 5-formyltetra-
hydrofolic acid and other fÃ¶talesusing an automatic 96-well plate reader.
Anal. Biochem., 154: 509-515, 1986.

17. Newman, E. M., Straw, J. A., and Doroshow, J. H. Pharmacokinetics ofdiastereoisomers of ldAVY)t'olirne acid (leucovorin) in humans during con

stant high-dose intravenous infusion. Cancer Res., 49: 5755-5760, 1989.
18. McGuire, B. W., Sia, L. L., Haynes, J. D., et al. Absorption kinetics of orally

administered leucovorin calcium. NCI Monogr., 5: 47-56, 1987.
19. Mini, E., Mazzei, T., Coronnello, M., et al. Effects of 5-methyltetrahydro-

folate on the activity of fluoropyrimidines against human leukemia (CCRF-
CEM) cells. Biochem. Pharmacol., 18: 2905-2911, 1987.

4875

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/18/4871/2445433/cr0510184871.pdf by guest on 19 M

ay 2023




