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Introduction: A prospective, open and randomized, two-way crossover study was conducted
to evaluate the pharmacokinetics and bioavailability of oral ¯udarabine phosphate when
taken on a full versus an empty stomach. The e�ectiveness of therapy was also assessed after
two cycles of treatment, four weeks apart
Materials and methods: Patients with chronic lymphocytic leukemia or low-grade non-
Hodgkin's lymphoma were randomly assigned to two groups, both of which received two
cycles of treatment with 90 mg of oral ¯udarabine phosphate administered when either fed or
fasted. Patients in Group 1 (n=8) received oral treatment on a full stomach for the ®rst cycle
then on a fasted stomach for the second, while those in Group 2 (n=10) received their
treatment in the reverse sequence. Oral ¯udarabine phosphate was administered on the ®rst
day of the two study cycles and intravenous ¯udarabine phosphate was administered on days
3 ± 6.
Results and conclusion: Of 22 patients recruited, 18 (CLL n=10; NHL n=8) were eligible for
e�cacy and safety evaluation, and 16 for bioavailability and pharmacokinetic analyses. The
response to oral 2-F-ara-AMP was rapid: by two treatment cycles, 12 out of 18 patients (66.7%)
had achieved partial response. Of the six patients who did not respond, ®ve patients (27.7%)
had stable disease. There was no notable di�erence in the rate of response between patients with
B-CLL and lg-NHL. There was a marginal increase in total systemic availability of ¯udarabine
phosphate when administered orally on a fed stomach (2-F-ara-A AUC(0± 24 h)=3.28+1.48 mg×h/
ml) compared to a fasted stomach (2-F-ara-A AUC(0±24 h)=3.05+1.56 mg×h/ml). Time to peak
plasma concentration was slightly extended by the presence of food (2.2+1.0 versus
1.3+0.74 h) but the terminal half-life was una�ected. The minor di�erences in the
pharmacokinetics of oral ¯udarabine phosphate when taken after food were not statistically
signi®cantly di�erent and seem unlikely to be clinically relevant. The e�cacy and safety data
closely paralleled previous experience with the intravenous formulation.
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Introduction

Fludarabine phosphate (2-Fluoro-9-(5-O-phosphono-b-
D-arabinofuranosyl)-9H-purin-6-amine; 2-F-ara-AMP)
is a ¯uorinated nucleotide analog of the antiviral drug
vidarabine, and has been licensed for the treatment of
patients with relapsed or refractory B-cell chronic
lymphocytic leukemia (CLL). In this indication,
¯udarabine phosphate is the drug of choice.1 Usually
given at a dose of 25 mg/m2/day for ®ve days (repeated
every four weeks), this drug has proven to be a highly

e�ective second-line agent in CLL in a number of
clinical trials with objective response rates (i.e. the sum
of complete remissions [CR] and partial remissions
[PR]) of 40 to 60% being reported.2,3 Response and
survival following treatment with ¯udarabine phos-
phate in CLL appear to be related to the stage of the
disease, the extent of previous treatment, and a failure
to respond to alkylating agents.4 ± 7

Fludarabine phosphate was compared with the
combination therapy cyclophosphamide, doxorubicin
and prednisone (CAP), and the overall response rate
was signi®cantly higher in the ¯udarabine phosphate
group (60% vs 44%; P=0.023).8 The overall response
to ¯udarabine phosphate in previously treated patients
was also signi®cantly higher (48% vs 27%; P=0.036).
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When compared with chlorambucil as ®rst line
treatment in a randomized, parallel-group study, the
overall response rate of patients who received
¯udarabine phosphate was considerably higher (64%
vs 39%), as was the CR rate (20% vs 5%). In addition,
the progression-free survival interval was longer in the
¯udarabine phosphate group (20 months vs 14
months).9 Fludarabine phosphate has also been
investigated as a single-agent therapy in low-grade
non-Hodgkin's lymphoma (lg-NHL), with overall
response rates of 52 ± 75% being reported in pre-
viously treated patients.10 ± 14

An oral formulation of ¯udarabine phosphate
comprising an immediate-release tablet, containing
10 mg ¯udarabine phosphate, has been developed,
and pharmacokinetic studies have been carried out to
compare the oral and intravenous formulations in
patients with indolent NHL and CLL.15,16 In these cases
oral administration resulted in dose-dependent in-
creases in the maximum plasma concentration (Cmax)
and the 24-h area under the concentration-time curve
(AUC(0± 24 h)) ± the latter being similar to that seen
following intravenous administration (after dose
adjustment) with a lower Cmax. Linear increases in
AUC(0± 24 h) corresponded well with increases in oral
dosage, and bioavailability was approximately 55%.
There was low intra-individual variation, and both
time to Cmax (tmax) and the terminal half-life (t�lz) have
proven to be dose independent.15

The conclusions drawn from this and other
pharmacokinetic studies are that a once-daily oral
dose of approximately 40 ± 50 mg/m2 would provide
systemic exposure equivalent to 25 mg/m2/day given
intravenously.15 ± 18

The present study aimed to establish the pharmaco-
kinetics and systemic availability of ¯udarabine
phosphate when administered orally to fasted and
non-fasted patients. Although food was not anticipated
to interfere with the absorption of ¯udarabine
phosphate, a particularly fatty meal was selected in
order to determine whether it would be necessary to
place restrictions on administration of the drug ± for
example, recommending that it be taken only on an
empty stomach. In addition to assessing the e�ects of
food on the absorption of ¯udarabine phosphate, the
study objectives also included an evaluation of the
e�cacy and safety of ¯udarabine phosphate after two
cycles of treatment.

The primary pharmacokinetic parameters that were
determined are the AUC for the periods 0 ± 24 and 0 ±
48 h (AUC(0± 24 h) and AUC(0± 48 h), respectively), and the
secondary parameters Cmax, tmax and t�lz.

Patients and methods

The prospective, open, randomized, two-way crossover
study was conducted at ®ve hospitals in the United
Kingdom. The study was conducted in accordance with
the ICH Guidelines for Good Clinical Practice (July,
1996; CPMP/ICH/135/95) and in compliance with the

Declaration of Helsinki (Hong Kong Amendment,
1989). The protocol met all the requirements of the
appropriate regulatory authority, and received formal
approval from the Medical Ethics Committees of each
collaborating center prior to any patient receiving
treatment at that center.

Patients

The inclusion criteria were: patients with previously
treated CLL or previously treated lg-NHL, of either
gender, aged over 18 years, with WHO performance
status grade 0 ± 2, and willing and able to give written
informed consent to participate.

Patients in Group 1 received their ®rst oral dose of
2-F-ara-AMP on an empty stomach and their second
oral dose on a full stomach. Patients in Group 2
received their ®rst oral dose of 2-F-ara-AMP on a full
stomach and their second dose on an empty stomach.
Both groups received intravenous 2-F-ara-AMP on
days 3 ± 6.

Exclusion criteria

The exclusion criteria for the study included: severe
cardiac, pulmonary, metabolic, renal, hepatic, psychi-
atric or neurological diseases; patients with a body
surface area less than 1.6 m2 or greater than 2.2 m2;
AIDS or AIDS-related complex; gastrointestinal
disorders that could a�ect absorption of the drug;
autoimmune hemolytic anemia or thrombocytopenia;
and more than one previous cycle of ¯udarabine
phosphate in a course of treatment immediately prior
to enrollment. In addition, patients with prior
malignancies, hairy cell leukemia or more aggressive
B-cell cancers and those requiring regular systemic
steroids were excluded. Pregnancy and lactation were
also exclusion criteria. Furthermore, participants were
instructed to practice an appropriate form of contra-
ception during the study, and for at least six months
after treatment with ¯udarabine phosphate.

Alternative cytotoxic drugs, regular systemic corti-
costeroids and medications that could in¯uence drug
absorption (e.g. H1-antihistamines, antacids, metoclo-
pramide and charcoal) were prohibited.

Clinical and laboratory assessments

Patients underwent full physical examinations at
baseline, and again 48 h prior to each cycle of
treatment. Height and weight were measured and
body surface area calculated. In addition, full blood
cell counts and 14-point blood biochemistry analyses
were carried out at each examination. For the safety
evaluation, the blood tests were repeated intermittently
between the two cycles and again 28 days after the
second cycle.

All adverse events were recorded and classi®ed using
the WHO toxicity criteria (grade 0=no toxicity,
through to grade 4=severe toxicity). The investigators
also assigned a relationship with the study medication
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to each of the reported adverse events (from `not
related', through to `de®nitely related').

Study design

Although designed as a pharmacokinetic study, e�cacy
was evaluated by comparing each patient's disease
status after two cycles of treatment with his or her
baseline status, using the standard Binet (CLL) or Ann
Arbor (NHL) staging criteria.

Following randomization, patients received two
cycles of treatment containing 90 mg (as 10 mg
tablets) of oral ¯udarabine phosphate (active ingredi-
ent: 2-Fluoro-9-(5-O-phosphono-b-D-arabinofurano-
syl)-9H-purin-6-amine) on the ®rst day of each cycle,
and intravenous ¯udarabine phosphate (25 mg/m2/day)
on days 3 ± 6. Patients in Group 1 received oral
treatment on a fasted stomach for the ®rst cycle then
on a full stomach for the second, while those in Group
2 received their treatment in the reverse sequence.

For the cycle of treatment on a full stomach,
patients ate a standardized breakfast consisting of
bacon, egg, fried potatoes, toast, butter, jam and milk.
The caloric content was estimated to be approximately
960 kilocalories (kCal) and comprised 57 g of fat
(513 kCal), 30 g of protein (120 kCal) and 82 g of
carbohydrate (327 kCal).

Pharmacokinetic procedures

For the determination of pharmacokinetic parameters,
blood samples were taken at time zero and then at
0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 24, 36
and 48 h after the oral ¯udarabine phosphate dose on
day 1. The samples were of approximately 5 ml volume
and drawn from a peripheral vein through a catheter,
or by direct venepuncture. Samples were immediately
transferred to heparinized tubes and stored in the
refrigerator (48C approximately) prior to centrifuga-
tion. Subsequently, after centrifugation at 500 g for
20 min at 48C, or at 2100 g for 10 min at ambient
temperature, the plasma was separated and stored at
7208C until analysis.

Fludarabine phosphate (2-F-ara-AMP) is rapidly
and quantitatively metabolized to its dephosphory-
lated nucleoside, 2-F-ara-A, when delivered intrave-
nously, or by the oral route, in humans and in a
variety of animal species. Determination of the
bioavailability of ¯udarabine phosphate was therefore
based on plasma levels of the metabolite 2-F-ara-A.

Protein removal from the plasma samples was
e�ected using solid-phase extraction with Worldwide
MonitoringTM C18 cartridges (200 mg Clean-Up1

bonded silica) pre-conditioned with 2 ml of alkaline
methanol and subsequently rinsed with 6 ml of water.
Samples of 0.5 ± 1.0 ml of thawed plasma were then
applied to the cartridge and rinsed with 2.5 ml of
water. After drying for 2 min, 2-F-ara-A was eluted
with 2 ml of the alkaline methanol solution. All steps
were carried out at approximately 700 mbar using a
membrane diaphragm pump. After complete methanol

evaporation under a gentle stream of nitrogen, samples
were again stored at 7208C.

The dry sample extracts were re-dissolved by vortex
mixing in 0.1 ml of 0.6 M citrate bu�er (pH 4.0) before
the addition of 0.2 ml of 45% aqueous chloracetalde-
hyde solution. The samples were subsequently incu-
bated for 20 h at 508C with gentle shaking. After
derivatization, the samples were diluted to 3 ml with
0.1 M citrate bu�er (pH 4.0).

Levels of 2-F-ara-A were determined by a valid and
sensitive HPLC method with ¯uorescence detection
after derivatization with chloracetaldehyde.19 Samples
of 100 ml volume were injected into a Kontron HPLC
system (Kontron Instruments S.P.A., Milan, Italy)
comprising a pump, autosampler and multiport
connected to a Perkin Elmer LC240 ¯uorescence
detector (Perkin-Elmer Ltd., Beacons®eld, UK). Ultra-
sphere ODS columns with Spherisorb ODS2 pre-
columns were used. The mobile phase consisted of a
ternary solution with 2% (v/v) methanol and 5% (v/v)
N,N-dimethylformamide in water. 2-F-ara-A was
detected with a retention time of approximately 8 min
at a ¯ow rate of 1.0 ml/min.

Detection was performed with an excitation wave-
length of 296 nm and total emission. The chromato-
grams were evaluated using ACCESS*CHROM
(Version 1.9.3; Perkin Elmer, 1994).

The samples were compared with external standards
comprising human plasma spiked with 2-F-ara-A to
produce concentrations of 1 ± 200 ng/ml. Quality
control samples (10, 50 and 200 ng/ml nominal
concentrations of 2-F-ara-A in human plasma) were
analysed in triplicate. The accuracy and precision of
the assay were calculated using the quality control
sample sets. The mean intra-assay variability was 7.1%
(10 ng/ml), 7.3% (50 ng/ml) and 5.5% (200 ng/ml).
The corresponding inter-assay variability was 14.1, 6.4
and 8.5%, respectively. The mean accuracy was 102.7,
102.7 and 101.0%, respectively, for the quality control
sample sets.

Based on the quality control analyses, a quantita-
tion limit of 0.167 ng was set (equivalent to 5 ng/
0.5 ml sample volume). Pharmacokinetic evaluations
were based on individual 2-F-ara-A plasma levels, and
the parameters calculated by means of TOPFIT
software (Version 2.1 b; Thomae, GoÈ decke, Scher-
ing) at Pharmacokinetics Therapeutics 1, Schering
AG, Berlin, Germany, using a non-compartmental
approach.

Results

In compliance with the 1997 FDA Draft Guidance on
Food-e�ect Bioavailability and Bioequivalence Studies
(minimum acceptable number of 12 patients for such
studies), 22 patients were initially enrolled in the study.
Three of these failed to meet one or more of the study
criteria for the following reasons: one patient with
body surface area greater than the upper limit allowed
by the protocol, withdrawn prior to dosing on cycle 1;
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one patient with insulin-dependent diabetes, withdrawn
prior to dosing on cycle 1; one patient judged too ill to
enter the study; one patient showed myelosuppression
and abnormal liver enzymes at the baseline examina-
tion. These four patients did not receive treatment and
were therefore excluded.

The intent-to-treat (ITT) population of 18 patients
comprised 14 males and four females (Table 1). Ten of
the ITT patients presented with CLL and eight with
NHL. Two patients were withdrawn from the
pharmacokinetic study after the ®rst dose of treat-
ment; one for failing to eat su�cient breakfast and the
other because her body surface area was below the
stipulated minimum of 1.6 m2. Both patients were
excluded from pharmacokinetic analyses and the
calculation of bioavailability but were included in the
safety and e�cacy evaluations.

No pre-dose plasma samples contained detectable
levels of 2-F-ara-A. Maximum plasma levels ranged
from 0.16 ± 0.78 mg/ml when the tablets were taken
with food, and 0.17 ± 1.06 mg/ml when taken on an
empty stomach.

The oral administration of 2-F-ara-AMP to patients
with CLL and NHL, when fed or fasted, resulted in
slightly di�erent plasma levels of 2-F-ara-A (Table 2).
The rate of absorption was marginally reduced in the
presence of a high fat meal and Cmax was reached
slightly later, although t�lz was not a�ected. A slightly
increased total systemic availability of 2-F-ara-A was
observed in patients taking the oral formulation of
¯udarabine phosphate after eating the high fat meal
compared with the patients who fasted (Figure 1)
although the mean values for AUC(0± 24 h) and
AUC(0± 48 h) were not statistically signi®cantly di�erent
(Table 2).

The response to oral 2-F-ara-AMP was rapid: after
two cycles of treatment, 12 (66.7%) of the ITT
population were deemed to be showing PR. A further
®ve patients (27.7%) showed stable disease. There was
no marked di�erence between the response rates
amongst the patients with CLL and those with NHL.

Fifteen of the patients experienced at least one
adverse event (AE) and eight patients (44.4%) had
serious AEs during the entire treatment period (up to
six cycles), of which one (severe thrombocytopenia)
was considered probably related to treatment. This
patient later required splenectomy. A total of 31 AEs
were reported during the study, the most common
being infection, pneumonia, fever, nausea, dizziness
and pain. The most frequent toxicity was myelosup-
pression: 10 patients (55.6%) experienced grade 3 or
grade 4 granulocytopenia and eight (44.4%) showed
similar degrees of leukocytopenia. Other toxicities were
infrequent and, in general, there were no unexpected
signs of toxicity during the study.

Discussion

In this population of patients with previously treated
B-CLL (Binet stage B or C) or lg-NHL (stages II ± IV),
66.7% patients responded to treatment with oral
¯udarabine, a response rate comparable to previously
reported ®gures (48.8% B-CLL,8 31% lg-NHL20).
Treatment with oral ¯udarabine was e�ective and
well tolerated in this group of patients with severe
underlying disease. The safety pro®le appeared similar

Table 1 Demographic characteristics of the ITT population

Characteristic ITT population

Male 14
Female 4
Median (range) age in years 63 (44±79)
Median (range) height in cm 176 (153±190)
Median (range) weight in kg 79 (54±102)
Median (range) body surface area in m2 2.0 (1.54±2.19)
CLL baseline status (n=10; male 9, female 1)

Binet stage A 3
Binet stage B 4
Binet stage C 3

NHL baseline status (n=8; male 5, female 3)
Ann Arbor stage IIA 1
Ann Arbor stage IIIA 1
Ann Arbor stage IVA 5
Ann Arbor stage IVB 1

Group 1 (cycle 1=non-fasted, cycle 2=fasted) 8
Group 2 (cycle 1=fasted, cycle 2=non-fasted) 10*

*Two patients withdrew after the ®rst cycle.

Table 2 Summary of pharmacokinetic parameters

Parameter

Fasted
Mean+s.d.

(n)

Non-fasted
Mean+s.d.

(n)

AUC(0±24 h) mg×h/ml 3.05+1.56 3.28+1.48
(16) (16)

AUC(0±48 h) mg×h/ml 3.91+1.77 4.23+1.76
(15) (15)

Cmax ng/ml 488+279 442+181
(16) (16)

tmax h 1.3+0.74 2.2+1.0
(16) (16)

t�lz h 26.5+10.3 26.9+12.7
(14) (14)

Figure 1 Mean+s.d. 2-F-ara-A plasma levels from ¯udarabine
phosphate when taken orally with food and without food.
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to that previously reported,15 with myelosuppressive
e�ects, infection and fever being the most common
adverse events.

Gastrointestinal AEs are of particular importance in
the assessment of any oral formulation, since nausea,
vomiting or diarrhea not only make the drug
unpalatable or unacceptable to the patient but, more
signi®cantly, a�ect the plasma concentration of the
drug. The low incidence of such gastrointestinal e�ects
in the present study suggests that oral ¯udarabine
phosphate is well tolerated.

As patients with chronic hematological malignancies
such as CLL are typically over 60 years of age, it is
sometimes di�cult to obtain adequate venous access ±
particularly in individuals who have undergone several
prior treatments. Furthermore, the increased risk of
concomitant infection in this age group makes the use
of indwelling catheters for intravenous administration
less attractive.

In the scenario of palliative therapy, the oral
formulation of ¯udarabine phosphate appears to o�er
certain advantages, including high e�cacy, a relatively
benign gastrointestinal AE pro®le, ease of administra-
tion and the fact that doses may be taken on a fed or a
full stomach. The added advantage of a more
convenient dosing form that can be self-administered
at home would also alleviate the potential stress of
travel and in-patient stays for patients to whom quality
of life is a signi®cant factor.

It is also important to establish whether an oral
formulation is su�ciently robust to be used without
speci®c dietary restrictions or, if any restrictions do
prove necessary, that they are clearly de®ned. The
objective of the present study was to evaluate the e�ect
of a particularly fatty meal on the bioavailability of
oral ¯udarabine phosphate.

That there were no signi®cant di�erences in the
pharmacokinetics of oral ¯udarabine phosphate when
taken with or without food, con®rms that the drug
may be taken without dietary restrictions. The margin-
al (510%) increase in the total systemic availability
and the slight delay in reaching maximum plasma
concentration when taken after food intake, were
considered unlikely to have any clinical relevance.
The fact that terminal half-life was una�ected indicates
that digestion of fatty foods does not interfere with the
excretion of the oral formulation.

In a multicenter, uncontrolled, open-label study21

involving 78 patients with previously treated B-CLL
who received oral ¯udarabine phosphate at a dose of
40 mg/m2/day for ®ve days every four weeks for six
cycles, there were 16 complete and 20 partial
remissions according to the IWCLL criteria. The
overall response rate was 46.2% (36 out of 78 patients
with a 95% con®dence interval of 34.8 to 57.8%),
comparable to published response rates with the
intravenous formulation.8 The toxicity pro®le in this
study was also similar to that observed with
intravenous ¯udarabine phosphate. Thus, considering
the low incidence of nausea in patients taking the drug
on an empty stomach in the current study, combined
with lack of any signi®cant alteration in the
bioavailability of ¯udarabine phosphate if taken with
food, it appears that the formulation is robust, and
may o�er a potentially valuable alternative to
intravenous delivery in the treatment of CLL or NHL.

Acknowledgement
This study was supported ®nancially by Schering AG,
Berlin.

References

1 Montserrat E, Bosch F, Rozman C. Treatment of B-cell
chronic lymphocytic leukaemia: current status and future
perspectives. Journal of Internal Medicine 740 (Suppl):
S63, 1997.

2 O'Brien S, Kantarjian H, Beran M, Smith T, Koller C,
Estey E, Robertson LE, Lerner S, Keating M. Results of
¯udarabine and prednisone therapy in 264 patients with
chronic lymphocytic leukemia with multivariate analysis-
derived prognostic model for response to treatment.
Blood 82: 1695, 1993.

3 Sorensen JM, Vena DA, Fallavollita A, Chun HG,
Cheson BD. Treatment of refractory chronic lymphocy-
tic leukemia with ¯udarabine phosphate via the group C
protocol mechanism of the National Cancer Institute:
®ve-year follow-up report. Journal of Clinical Oncology
15: 458, 1997.

4 Keating MJ, O'Brien S, Kantarjian H, Plunkett W, Estey
E, Koller C, Beran M, Freireich EJ. Long-term follow-up
of patients with chronic lymphocytic leukemia treated
with ¯udarabine as a single agent. Blood 81: 2878, 1993.

5 Keating MJ, O'Brien S, McLaughlin P, Dimopoulos M,
Gandhi V, Plunkett W, Lerner S, Kantarjian H, Estey E.
Clinical experience with ¯udarabine in hemato-oncology.
Hematology and Cell Therapy 38 (Suppl 2): S83, 1996.

6 Spriano M, Clavio M, Carrara P, Canepa L, Miglino M,
Pierri I, Celesti L, Rossi E, Vimercati R, Bruni R.
Fludarabine in untreated and previously treated B-CLL
patients: a report on e�cacy and toxicity. Haematologica
79: 218, 1994.

7 Montserrat E, Lopez-Lorenzo JL, Manso F, Martin A,
Prieto E, Arias-Sampedro J, Fernandez MN, Oyarzabal
FJ, Odriozola J, Alcala A, Garcia-Conde J, Guardia R,
Bosch F. Fludarabine in resistant or relapsing B-cell
chronic lymphocytic leukemia: the Spanish Group
experience. Leukemia and Lymphoma 21: 467, 1996.

The Hematology Journal

Oral fludarabine phosphate uptake unaffected by food
D Oscier et al

320



8 Johnson S, Smith AG, LoÈ �er H, Osby E, Juliusson G,
Emmerich B, Wyld PJ, Hiddeman W. Multicentre
prospective randomised trial of ¯udarabine versus
cyclophosphamide, doxorubicin, and prednisone (CAP)
for treatment of advanced-stage chronic lymphocytic
leukaemia. The French Cooperative group on CLL. The
Lancet 347: 1432, 1996.

9 Rai KR, Gupta N. International randomized trials of
chemotherapy for CLL.Hematology and Cell Therapy 42:
59 (abstract S12) 2000.

10 Hochster HS, Kim KM, Green MD, Mann RB, Neiman
RS, Oken MM, Cassileth PA, Stott P, Ritch P, O'Connell
MJ. Activity of ¯udarabine in previously treated non-
Hodgkin's low-grade lymphoma: results of an Eastern
Cooperative Oncology Group study. Journal of Clinical
Oncology 10: 28, 1992.

11 Champlin R, Golde DW. Chronic lymphocytic leukemia.
p. 1548 In: Braunwald E, Isselbacher KJ, Petersdorf RG,
Wilson JD, Martin JB, Fauci AS (eds). Harrison's
Principles of Internal Medicine, 11th Edition. Chapter
292. The leukemias. New York: McGraw-Hill, 1987.

12 Gillis S, Dann EJ, Cass Y, Rochlemer R, Polliack A.
Activity of ¯udarabine in refractory chronic lymphocytic
leukemia and low-grade non-Hodgkin's lymphoma. The
Jerusalem experience. Leukemia and Lymphoma 15: 173,
1994.

13 Falkson CI. Fludarabine: a phase II trial in patients with
previously treated low-grade lymphoma. American
Journal of Clinical Oncology 19: 268, 1996.

14 Clavio M, Miglino M, Spriano M, Pietrasanta D,
Vallebella E, Celesti L, Canepa L, Pierri I, Cavaliere M,
Ballerini F, Beltrami G, Rossi E, Vimercati R, Bruni R,
Congiu M, Nati S, Damasio E, Santini G, Gobbi M. First
line ¯udarabine treatment of symptomatic chronic
lymphoproliferative diseases: clinical results and mole-
cular analysis of minimal residual disease. European
Journal of Haematology 61: 197, 1998.

15 Foran JM, Oscier D, Orchard J, Johnson SA, Tighe M,
Cullen MH, de Takats PG, Kraus C, Klein M, Lister TA.
Pharmacokinetic study of single doses of oral ¯udarabine
phosphate in patients with ``low-grade'' non-Hodgkin's
lymphoma and B-cell chronic lymphocytic leukemia.
Journal of Clinical Oncology 17: 1574, 1999.

16 Klein M, Ludwig W-D, Fulle HH, Knauf W, Thiel E,
Schriever F, Huhn D, Kraus Ch, Hellriegel KP. 2-F-ara-
A pharmacokinetics including systemic availability
during treatment with ¯udarabine phosphate given
either perorally as an immediate release tablet formula-
tion, or intravenously as a solution. Onkologie 20 (Suppl
1): S137a (abstract) 1997.

17 Plunkett W, Gandhi V, Huang P, Roberston LE, Yang
LY, Gregoire V, Estey E, Keating MJ. Fludarabine:
pharmacokinetics, mechanisms of action, and rationales
for combination therapies. Seminars in Oncology 20 (5
Suppl 7): 2, 1993.

18 Kemena A, Keating MJ, Plunkett W. Plasma and cellular
bioavailability of oral ¯udarabine. Blood 78: 52a
(abstract 199) 1991.

19 Kemena A, Fernadez M, Bauman J, Keating M, Plunkett
W. A sensitive ¯uorescence assay for quantitation of
¯udarabine and metabolites in biological ¯uids. Clinica
Chimica Acta 200: 95, 1991.

20 Hiddemann W, Unterhalt M, Pott C, Wormann B,
Sandford D, Freund M, Engert A, Gassmann W,
Holtkamp W, Seufert J. Fludarabine single-agent
therapy for relapsed low-grade non-Hodgkin's lympho-
mas: a phase II study of the German Low-Grade Non-
Hodgkin's Lymphoma Study Group. Semin Oncol 20: (5
Suppl 7): 28, 1993.

21 Boogaerts MA, Van Hoof A, Catovsky D, Kovacs M,
Montillo M, Sante Tura S, Binet JL, Feremans W,
Marcus R, Montserrat E, Verhoef G, Klein M.
Treatment of alkylator resistant chronic lymphocytic
leukemia with oral ¯udarabine phosphate. Presented at
the 41st Annual Meeting of the American Society of
Hematology, New Orleans, LA, USA. December 3 ± 7,
1999.

The Hematology Journal

Oral fludarabine phosphate uptake unaffected by food
D Oscier et al

321


