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Summary. Eighteen patients with advanced breast cancer
were entered into a phase II study of fludarabine phos-
phate. Fludarabine phosphate was given by continuous in-
fusion for 5 days, at a starting dose of 20 mg/m? per day
for patients previously treated with two or more regimens
and 25 mg/m? per day for minimally treated patients with
less than two prior regimens; therapy was repeated every
3-4 weeks. Of the 18 patients, 11 had undergone more
than two prior regimens and 7 patients had undergone one
prior regimen. One patient achieved a partial response
(PR) for 22 months. Myelosuppression was the most com-
mon toxicity observed. Four patients developed mild nau-
sea and vomiting and two developed a nonspecific derma-
titis that resolved spontaneously. No renal, hepato-, or
neurotoxicity was observed. Our study demonstrates that
in heavily pretreated patients, fludarabine phosphate giv-
en on this schedule has minimal efficacy in treating ad-
vanced breast cancer. This drug might possibly have
shown more activity in a previously nontreated patient
population. However, patients with advanced breast can-
cer, who have not undergone previous treatment are not
often encountered.

Introduction

The observation that 2-fluoroadenine is resistant to adeno-
sine deaminase has provided increased interest in the flu-
orinated analogues of Ara-A. Fludarabine phosphate is
one of these analogues that was found to possess greater
activity against implanted tumor systems [2].

The antineoplastic properties of 9-B-D-arabino-fura-
nosyl-adenine (Ara-A) are limited by its rapid inactivation
by adenosine deaminase to 9-B-D-arabinofuranosyl hy-
poxanthine (Ara-H) [l1]. 2-Fluoroadenine arabinoside-
5-phosphate (2-fluoro-Ara-AMP), or fludarabine phos-
phate, is an Ara-A analogue that is resistant to adenosine
deaminase [1, 5, 6]. Fludarabine phosphate is water-soluble
and is phosphorylated in vivo to the triphosphate (2-flu-
oro-Ara-ATP), which is a potent inhibitor of DNA poly-
merase and ribonucleotide reductase [7]. The maximum
tolerable dose (MTD) of fludarabine phosphate given by
continuous infusion in a phase I study was 25 mg/m? per
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day for 5 days every 4 weeks [3]. Myelosuppression was the
only major dose-limiting toxicity. Leukopenia was more
prominent than thrombocytopenia. Nausea and vomiting
were observed but diarrhea did not occur. There was no
evidence of renal, hepatic, or neurologic toxicity. Antitu-
mor activity was observed in a patient with head and neck
tumor, sarcoma, and colon cancer [7]. Based on the initial
clinical response in the phase I study, this phase II study
of fludarabine phosphate was initiated in patients with
measurable, advanced breast cancer.

Materials and methods

All patients entered had histologically proven, measurable
metastatic breast cancer with a Karnofsky performance
status of 50% or better, normal blood counts (CBC), biliru-
bin of <2.0 mg/dl, and creatine clearance =50 ml/min.
Patients were required to have been off chemotherapy or
radiation therapy for 4 weeks prior to entry into the study,
but a 6-week interval was required for those who had re-
ceived mitomycin-C and nitrosoureas. Signed informed
consent was obtained from all patients. Fludarabine was
given by continuous infusion for 5 days at a starting dose
of 20 mg/m? per day for patients who had previously re-
ceived two or more other chemotherapeutic regimens, or
25 mg/m? per day for patients who had previously under-
gone less than two prior regimens. Therapy was repeated
every 3—4 weeks. The response rates were defined as fol-
lows: a complete response was indicated by the complete
disappearance of all measurable lesions and any evidence
of disease. A partial response was defined as a 50% de-
crease in the product of the diameters of all measurable le-
sions. A minor response was a 25% decrease in the product
of the diameters of all measurable lesions for 4 weeks.

Results

Fludarabine phosphate was given to 18 patients with rec-
urrent, measurable metastatic breast cancer. Their charac-
teristics are shown in Table 1. All 18 are evaluable for re-
sponse and toxicity. Six patients were previously treated
with combinations of CMF or CMFVP (cytoxan, metho-
trexate, fluorouracil, Vincristine, prednisone), whereas 12
patients had received two or more courses of CMFVP and
an adriamycin- or mitomycin-C-containing regimen. A to-
tal of 38 courses of fludarabine phosphate were given, with
a median of two courses per patient (range 1-8). Toxicity
in this trial was mild: of the 18 patients, 2 developed tran-
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Table 1. Patient characteristics

n=18
Age (median): 45  ( 27-64)
Mean KS performance status: 70% (100-50)
ER/PR positive = 8
ER/PR negative = 5
ER/PR unknown = 5
Prior therapy
More than 2 prior regimens = 1
Less than 2 prior regimens =
Response
Partial = 1

I
—_

Stable disease

sient rashes, 9 nausea, and 2 developed mild, transient
lethargy. Myelosuppression was the most common toxicity
observed. Nadir WBC was 2.8 (range, 0.5~12.2), which
was observed by day 12 after the completion of therapy
(range, 7-25), and recovery occurred by day 21 (range,
10-35 days). There was no evidence of hemolysis and no
significant decrease in hemoglobin levels were observed.
No renal, hepato- or neurotoxicity was seen. Dose escala-
tion was possible in three patients only and no dose dees-
calation was required.

There were no complete responses. A partial response
(PR) was seen in one patient who was ER/PR positive and
failed a trial of CMF alone for 22 months. Stable disease
was observed in one patient who was ER/PR positive for
18 months.

Discussion

Fludarabine phosphate is a potent inhibitor of ribonucleo-
tide reductase and DNA alpha-polymerase. Therefore, it
inhibits DNA synthesis with minimal effects on the syn-
thesis of RNA [7]. The drug demonstrated activity against

the L1210 leukemia and LX-1 human lung tumor xeno-
graft, with limited activity in the CD8F; mammary tumors
and in P388 leukemia [4]. Based on the preclinical activity
of fludarabine phosphate and its potential for activity
against breast cancer, we designed a phase II study in pa-
tients with advanced, measurable breast cancer. The re-
sults of this phase II study demonstrate that fludarabine
phosphate has minimal efficacy in the treatment of heavily
pretreated patients with refractory breast cancer. Only one
partial response and one stable disease were observed in
the patients treated. Toxicity in this trial was mild and
consisted of leukopenia only. Although this drug can be
safely given to patients with refractory breast cancer, the
response rate in this heavily pretreated patient population
and at this schedule was too low. Perhaps fludarabine
might show additional activity in patients who have had
no previous treatment.

References

1. Brink JJ, Le Page GA (1964) Metabolic effects of 9-D-Arabino-
sylpurines in ascitic tumor cells. Cancer Res 24: 312

2. Brockman RW, Schable FM Jr, Montgomery JA (1977) Biolog-
ic activity of 9-B-D-arabino-fluranosyl-2-fluoroadenine, a met-
abolically stable analog of 9-B-D-arabino-furanosyladenine.
Biochem Pharmocol 26: 2193

3. Casper ES, Mittelman A, Kelsen D, and Young CW (1985)
Phase I clinical trial of fludarabine phosphate (F-ara-AMP).
Cancer Chemother Pharmocol 15: 233

4. National Cancer Institute (1982) Fludarabine phosphate: data
on file. National Cancer Institute, Bethesda, Md

5. Schabel FM Jr (1968) The anti-viral activity of 9-p-D-arabinof-
uranosyladenine (Ara-A) Chemotherapy 13: 321

6. Tseng WC, Derse D, Cheng YC, Brockman RW, Bennett LL
(1981) “Self potentiation” mechanism of 9-f-D-arabinosylfur-
anosyl-2 fluoradenine. Fed Proc 40: 666

7. White L, Shaddix SC, Cheng YC, Brockman RW, Bennet jr.
LL (1981) Inhibition of ribonucleotide reductase and DNA
polymerase of tumor-cells by 9-p-D-arabinosyl-2-fluoroade-
nine-5’-triphosphate (2 F-ara-ATP) Proc Am Assoc Cancer Res
22:33

Received August 26, 1987/Accepted February 17, 1988



