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ABSTRACT

9-|8-D-Arabinofuranosyl-2-fluoroadenine 5'-monophosphate

(NSC 312887) is a new purine antimetabolite that has been
evaluated in a Phase I clinical trial. The schedule of administration
consisted of a single i.v. infusion over a period of 30 min once
each day for 5 consecutive days, repeated at 4-week intervals.

Thirteen patients received 30 courses of the drug in a dose
range of 18 to 40 mg/sq m/day. Granulocytopenia and throm-

bocytopenia were dose limiting. Repeated courses produced
similar degrees of granulocytopenia, but in 7 of 7 patients receiv
ing 2 or more courses, the degree of thrombocytopenia was less
severe during the first than during subsequent courses. Myelo-

suppression in humans was more severe than predicted from
the mouse model. Lymphopenia was profound at all dose levels,
but reversed within 3 weeks. Somnolence occurred during infu
sion in 8 of 13 patients, but quickly cleared after the infusion
was completed. The infused drug was rapidly dephosphorylated
in plasma and then cleared so there was no cumulation of drug
in plasma when it was rapidly infused once each day in these
doses. Phase II studies of 9-0-o-arabinofuranosyl-2-fluoroade-
nine 5'-monophosphate are planned at a starting dose of 18 mg/

sq m/day for patients with prior chemotherapy or radiotherapy
and 25 mg/sq m/day for those without prior therapy, as a single
dose on each of 5 consecutive days repeated at 21- to 28-day

intervals.

INTRODUCTION

The extraordinary and relatively specific antileukemic activity
of the pyrimidine nucleoside, cytosine arabinoside, has stimu
lated the search for purine analogues with similar effects. One
of the first such agents synthesized was adenine arabinoside,
but its use as an antitumor agent has been limited because of
its deamination by the ubiquitous enzyme adenosine deaminase
(4). The product of deamination is the relatively inactive hypo-

xanthine arabinoside. A series of haloadenine nucleosides which
are resistant to deamination has been synthesized (6, 7). The
arabinosyl derivative of one of these, 2-fluoroadenine, was pre

pared (6, 8) and was curative against the L1210 leukemia in
mice (1, 6). It appears to be phosphorylated by deoxycytidine
kinase and then converted to its active derivative, the triphos-
phate (10). The triphosphate competitively inhibits both ribonu-

cleotide reducÃaseand the DNA polymerases with subsequent
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inhibition of DNA synthesis (12, 14). However, 2-F-ara-A3 is

relatively insoluble and difficult to formulate for clinical use. Thus,
2-F-ara-AMP, its monophosphate derivative, was synthesized
(Chart 1) and had the desired in vitro properties (1). It is water-
soluble, a poor substrate for adenosine deaminase, and active
against a number of animal tumors including L1210 leukemia,
CD8F, mammary adenocarcinoma, P388 leukemia, and the hu
man LX-1 lung tumor xenograft (1, 6).

Animal toxicology conducted in beagles" demonstrated that 2-

F-ara-AMP was toxic to the hematopoietic system causing neu-

tropenia, thrombocytopenia, lymphopenia, and reticulocytopenia.
Other toxic manifestations included vomiting, diarrhea, mildly
abnormal liver function tests, and an occasional elevated blood
urea nitrogen without histopathological correlate in the kidney.
The 10% lethal dose in BALB/c x DBA/2 F, (hereafter called
CD2F,) mice was 1118 mg/sq m/day for 5 days on the 5-day
schedule.4

MATERIALS AND METHODS

Selection of Patients. All patients who entered onto this trial had
histological confirmation of cancer (Table 1). Only patients who had an
estimated survival of >12 weeks were eligible. Most patients had re
ceived prior chemotherapy alone (4 of 13), radiation therapy alone (1 of
13), or a combination of the two (7 of 13). All patients had measurable
disease at the time of entry.

Prior to therapy, all patients had adequate blood cell counts (peripheral
WBC count, >4,000/(il; platelets, >100,000/MI). Other criteria included:
(a) bilirubin, <2.0 mg/dl; (b) serum glutamic-oxaloacetic acid transami-
nase, <1.5-fold greater than normal; and (c) creatinine clearance, >40

ml/min. Patients whose laboratory parameters did not fall within these
ranges could be entered on study if the abnormalities were caused by
their tumors.

Prior to entry, informed consent was obtained from the patient in
accordance with federal and institutional policies.

Treatment Plan. The formulation of 2-F-ara-AMP for clinical use was

supplied by the National Cancer Institute as a sterile lyophilized powder,
200 mg/vial. The single-use vial contained no antibacterial preservatives

and was reconstituted with 10 ml of sterile water. The reconstituted
product was used within 8 hr.

The appropriate dose of 2-F-ara-AMP was removed from the vial and

was further diluted by placing it in 100 ml of 0.9% NaCI solution (saline).
The resulting clear, colorless solution was infused over 30 min through
a newly started, freely flowing i.v. line. The schedule of drug administra
tion was a single dose on each of 5 consecutive days every 28 days.
For pharmacokinetic studies, time was measured from the moment the
30-min drug infusion was completed.

3The abbreviations used are: 2-F-ara-A, 9-0-c-arabinofuranosyl-2-fluoroadenine;
2-F-ara-AMP, the 5'-monophosphate of 9-/j-D-arabinofuranosyl-2-fluoroadenine;

ara-A, Q-iJ-o-arabinofuranosyladenine.
* Phase II report of preclinical intravenous lethality and toxicity study in CDFi

mice and toxicity study in beagle dogs of 2-fluoro-ara-AMP (NSC 312887). Battelle
Columbus Toxicology Program, February 1983.
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The starting dose for this trial was originally planned to be one-tenth

of the mouse 10% lethal dose, i.e., 112 mg/sq m/day. This was subse
quently reduced to 40 mg/sq m/day because of reports of unexpectedly
severe myelosuppression when the drug had been administered on a
different schedule by investigators at another institution. Even at this
reduced dose, myelosuppression occurred in the first patient treated at
our institution. For this reason, the starting dose was reduced once
again to 18 mg/sq m/day for the second patient. Six patients were
entered at this lower dose, and each was observed a minimum of 4
weeks before the starting dose was escalated to 25 mg/sq m/day as
noted in Table 2. In order to determine whether cumulative toxicity would
occur with sequential courses every 28 days, no dose escalations were
performed in the same patient. In 2 patients receiving 25-mg/sq m/day,

doses needed to be reduced because of prolonged myelosuppression.
Study Parameters. During infusion of the drug, patients had contin

uous monitoring of their electrocardiogram and frequent monitoring of
vital signs. Complete blood counts including differential and platelets,
SMA-18 chemistry profiles, prothrombin/partial thromboplastin time, am-

ylase, uric acid and creatinine clearances, and urinalysis were monitored
during the 5-day course of therapy and weekly for 4 weeks thereafter.

Other laboratory and radiological examinations pertinent to tumor re
sponse were performed prior to each course. Patients were followed
closely for signs of toxicity or other biological effects. All patients were
considered Ã©valuablefor toxicity. Standard criteria of response were

used to evaluate the antitumor effect of the drug.
Termination of Study. Individual patients were taken off the study if

objective tumor progression occurred following one or more courses of
2-F-ara-AMP. The Phase I study was terminated when the maximum

tolerated dose was established.
Measurement of Drug. Blood was collected in heparinized tubes,

cooled in an ice bath, and centrifuged promptly. Aliquots of plasma were
removed, flash-frozen, and stored until analyzed. The concentrations of
2-F-ara-AMP and 2-F-ara-A were measured by high-performance liquid

chromatography using a Beckman Model 314 Chromatograph. Authentic
2-F-ara-AMP and 2-F-ara-A were available to serve as quantitative

standards. The methods used were a modification of those reported by
Plunkett et al. (10). Plasma was deproteinized by rapid Ultrafiltration
through an Amicon CF-25 conical filter (Amicon Corp., Lexington, MA).
Recoveries of drug added to plasma were consistently 80 Â±2%; 2-F-
ara-AMP in the ultrafiltrate was separated from other nucleotides on a
4.6 mm x 25 cm Altex Ultrasil AX aniÃ³n exchange column (Beckman-

Altex, Berkeley, CA) using a gradient from 5 mw NH4 H2P04 (pH 2.8) to
750 mÂ«NH4H2PO4 (pH 3.7). Flow rate was 1.5 ml/min; 2-F-ara-A was
separated from other nucleosides on a 4.6 mm x 25 cm Altex Utrasphere-
C18 reverse-phase column using isocratic elution with 10 mw NH4H;>PO4

(pH 4.15) containing 6% methanol (10). Flow rate was 1.2 ml/min. Column
effluents were monitored at 254 mm. Peak areas were determined with
a Hewlett-Packard 3390A integrator.

HO

Chart 1. Structure of 2-F-ara-AMP.

Tabtel
Characteristics of patients entered onto PhaseI trial of 2-F-ara-AMP

Characteristics No. of patients

Total no. of patients
Sex(M/F)
No. of patients with prior treatment

Chemotherapy alone
Radiotherapy alone
Radiotherapy and chemotherapy

No. of patients with no prior treatment
Type of tumor

Lung (non-small cell)
Colon
Breast
Hepatoma

13 (30 courses)
9/4

12
4
1
7
1

6
5
1
1

RESULTS

Over an 8-month period, 13 patients were entered on study.

All were Ã©valuablefor toxicity. Characteristics of patients and
types of tumors are listed in Table 1. Doses and hematological
toxicities at each dose level are shown in Table 2. Thirty courses
of the drug were administered. Six patients had 1 course, 2
patients had 2 courses, 3 patients had 3 courses, 1 patient had
4 courses, and 1 patient had 7 courses of 2-F-ara-AMP.

Hematological Toxicity. Granulocytopenia (polymorphonu-
clear leukocytes, <1500/Ml) and thrombocytopenia (platelet
count, <100,000/ÃÃl)were the dose-limiting toxicities of 2-F-ara-
AMP (Table 2). The median time to nadir of the polymorphonu-
clear leukocytes was 13 days (range, 3 to 25 days) with full
recovery by 37 days. The median time to nadir of the platelet
count was 16 days (range, 2 to 32) with full recovery by 45 days.
For 3 of 4 patients receiving 18 mg/sq m/day and 2 of 3 patients
receiving 25 mg/sq m/day of therapy, the median nadir of gran-
ulocytes after the second and third courses was no lower than
after the first course (Chart 2). However, for 3 of 4 patients at
18 mg/sq m/day and 3 of 3 patients at 25 mg/sq m/day receiving
2 or 3 courses of 2-F-ara-AMP, there appears to be some

cumulative toxic effect on megakaryocytes as judged from the
platelet counts (Chart 3). Dosage reduction from 25 to 20 mg/
sq m/day was necessary in 2 patients because of prolonged
myelosuppression. One patient who had previously received
pelvic radiation and chemotherapy received 2 courses of 25 and
one of 20 mg/sq m/day. His peripheral WBC counts remained

Table 2
Hematologicaltoxicity of 2-F-ara-AMPat each dose level

Median nadir (cells xIO3/,,!)Daily

dose
(mg/sqm)18

25
40*

Numbers inNo.

of patients/no,
of courses6/16

6/13"

1/1parentheses,

range.WBC3.8(1.6-6.5)'

1.7(0.5-2.7)
1.0Polymorphonu-

ctearleukocytes2.8(0.2-5.1)

1.0(0.3-1.9)
0.6Platelets167(25-390)

153(25-346)

93Lymphocytes0.1

(0-0.5)
0 (0-0.1)
0.04
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Chart 2. Nadirs in the peripheral granulocyte count after sequential courses of
2-F-ara-AMP. Connected lines, nadirs observed in the same patient after different

courses.

400-1 ISmg/m2 25mg/mz
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Chart 3. Nadirs in the platelet count after sequential courses of 2-F-ara-AMP.
Connected lines, nadirs observed in the same patient after different courses.

<1000//il for 10 weeks.
As was the case when 2-F-ara-AMP was administered to

beagles, a peripheral lymphopenia occurred in all patients at all
doses (Table 2). Even at the lowest dose of 18 mg/sq m/day,
the median nadir lymphocyte count was 82/jJ, which is 6% of
the count before therapy. The number of lymphocytes returned
to pretreatment levels by 3 weeks after the last dose of drug.

Nonhematological Toxicity. Somnolence during infusion of 2-
F-ara-AMP occurred in 8 of the 13 patients. Patients were

arousable and were fully alert within 60 min of the time the
infusion was completed. No other abnormal neurological signs
were noted during or after the drug was given. The only other
common side effect was mild nausea, sometimes with vomiting,
which occurred in 4 of the 13 patients. A variety of other side
effects was seen (metallic taste, chest pain without electrocar-
diographic changes, pruritis, minimal elevation in serum glutamic-

oxaloacetic transaminase, and night sweats), each occurring in
one patient. In one patient, an atrial arrhythmia followed by a
transient ventricular arrhythmia (premature ventricular contrac
tions) occurred 4 days after the drug had been administered. It
was not accompanied by cardiac symptoms or changes in car
diac enzymes. Concurrent hypokalemia believed to have been
induced by antibiotics the patient was receiving was thought to
have caused the arrhythmia. Neither phlebitis nor skin reactivity
at the site of minor extravasations was seen. There was no

O.OH
24 48 72 96

Time (hr)
I20

Chart 4. Kinetics of appearance and disappearance of 2-F-ara-A in plasma. The
patient received 30-min infusions of 2-F-ara-AMP (18 mg/sq m/day) i.v. ending at
0, 24, 48, 72, and 96 hr. O, concentrations observed connected by a line of best
fit. There was no detectable 2-F-ara-AMP in any specimen. All drug had been
converted to 2-F-ara-A.

evidence or renal toxicity of 2-F-ara-AMP. No changes were

noted in serum creatinine, creatinine clearance, or urinalysis.
Clinical Pharmacokinetics. Information about the pharmaco-

kinetics of 2-F-ara-AMP has been derived from study of 7 pa
tients (Chart 4). During i.v. infusion, 2-F-ara-AMP, a nucleotide,
was very rapidly converted to 2-F-ara-A, a nucleoside. Conver

sion requires the action of a phosphatase, either in plasma or on
the surface of cells. The removal of the phosphate occurred so
quickly that essentially all of the 2-F-ara-AMP was recovered as
2-F-ara-A in the specimen of blood drawn within 1 min of com

pletion of the infusion. Part of this conversion may well have
occurred in vitro during the processing of the blood to plasma
and then to the ultrafiltrate. The pharmacokinetics illustrated in
Chart 4 is the appearance and disappearance of 2-F-ara-A.
Several points are of interest. The disappearance of the 2-F-ara-
A is biphasic with half-lives of 0.60 and 9.3 hr. Repeated infusions
of 2-F-ara-AMP at 24-hr intervals did not result in increasingly
higher peak levels of the active metabolite, 2-F-ara-A. The level
of 2-F-ara-A at trough, just before the next daily dose, remained

less than 10% of the peak level.
Tumor Responses. One patient with an adenocarcinoma of

the lung treated with a dose of 40 mg/sq m/day for 5 days had
a >50% reduction in the size of skin and pulmonary nodules
lasting 2 weeks. Unfortunately, the drug had to be discontinued
because of progression of brain mÃ©tastasescausing obtunda-

tion. One additional patient with previously treated colorectal
carcinoma treated with 18 mg/sq m/day for 5 days had a 25%
decrease in pulmonary nodules. The disease has remained stable
with the patient still on treatment at 4 months.

DISCUSSION

A major impediment to the development of clinically useful
cytotoxic analogues of adenine nucleosides is rapid deamination
in vivo by adenosine deaminase. Montgomery (6, 7) has synthe
sized a series of haloadenine nucleosides and nucleotides which
are resistant to deamination and show antitumor activity. Of
these, 2-F-ara-AMP is the first to reach Phase I clinical trial. The
results of this study indicate that 2-F-ara-AMP is well-tolerated
by patients when administered as a 30-min i.v. infusion on 5

consecutive days once every 28 days. Recommended starting
doses for Phase II trials are 18 mg/sq m/day for patients with
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prior chemotherapy or radiotherapy and 25 mg/sq m/day for
those without prior therapy, as a single dose on each of 5
consecutive days repeated at 21- to 28-day intervals. There is

preliminary evidence that repeated courses of the drug may be
increasingly toxic to megakaryocytes and possibly to myeloid
precursors. The drug itself does not accumulate when given as
30-min infusions 1 day apart.

The dose-limiting toxicities were granulocytopenia and throm-

bocytopenia, which were much more severe in people than had
been predicted by the mouse 10% lethal dose. There are several
reasons to suspect that the mouse may not be a reliable model
of humans for in vivo testing of adenosine analogues before
clinical trial; 2-F-ara-A behaves biochemically as an analogue of

deoxyadenosine. It is primarily phosphorylated by deoxycytidine
kinase (1), although a low level of phosphorylation by adenosine
kinase might also be expected to occur (13). The 2-F-ara-AMP
within the cell is then converted to the 5'-triphosphate of 2-F-
ara-A. The 5'-triphosphate of 2-F-ara-A competes with dATP for

active sites of DNA polymerases and ribonucleotide reducÃase
(12). The tissue distributions of deoxyadenosine-phosphorylating

activities in mouse and human tissues are entirely different (2).
Because 2-F-ara-A may behave like deoxyadenosine, these dif

ferences are relevant. The ability to phosphorylate deoxyaden
osine is widely distributed among mouse tissues. By contrast,
this ability is not widespread in human tissues, but follows the
limited distribution of deoxycytidine kinase (2). Highest activities
of the human kinase are found in thymocytes, lymphocytes, and
possibly other hematopoietic precursors. Tissues with highest
kinase activies accumulate the corresponding nucleotides most
rapidly, when they are exposed to exogenous nucleoside. Nu
cleotides of 2-F-ara-A, therefore, might be expected to accu

mulate preferentially in lymphoid and myeloid precursors, thereby
explaining the unusually severe myelosuppression and lympho-

penia observed in patients.
The distribution and relative activities of adenosine deaminase

also differ somewhat between mouse and human tissues. The
purified human enzyme deaminates adenosine and deoxyaden
osine equally well (15). In a variety of mouse and human tissues,
the relative rates of deamination and phosphorylation of deoxy
adenosine strongly favor deamination (11). Preference for deam
ination is much more marked in the human. For example, the
ratio of the rate of deamination to the rate of phosphorylation is
505 for human brain and 20 for mouse brain (11). If deamination
is impaired, as it is for 2-F-ara-A because this analogue of

deoxyadenosine is not deaminated by adenosine deaminase, the
phosphorylated derivatives will accumulate intracellularly. The
physiological consequences of the accumulation of phosphoryl
ated deoxyadenosine analogues might be more severe in hu
mans than mice, if the hypothesis is correct that the extremely
high ratio of deamination to phosphorylation implies a physiolog
ical effect of abnormal levels of these kinds of metabolites. The
severe hematological toxicities in humans have been mentioned.
Somnolence during infusion of 2-F-ara-AMP was also noted in

the majority of patients and might be secondary to the accumu
lation of adenosine analogues in brain. A variety of adenosine
analogues including deoxyadenosine are cortical depressants
(9).

When assessing the potential usefulness of adenosine and

deoxyadenosine analogues in cancer chemotherapy, fundamen
tal differences between ara-A and 2-F-ara-A must be taken into
account (1, 6). The addition of the 2-fluoro-atom to ara-A does

not simply block deamination, but also changes the kinase which
carries out phosphorylation; 2-F-ara-A and 1-0-D-arabinofurano-

sylcytosine both appear to be phosphorylated preferentially by
deoxycytidine kinase, whereas ara-A is phosphorylated prefer
entially by a different kinase (1, 6); 2-F-ara-A is inactive against
L1210 leukemia resistant to 1-/3-o-arabinofuranosylcytosine be

cause the activity of deoxycytidine kinase has been lost, whereas
ara-A remains cytotoxic (6). For these reasons, the administration
of ara-A along with an adenosine deaminase inhibitor such as

deoxycoformycin (3, 5) is not pharmacologically equivalent to the
administration of 2-F-ara-AMP, a drug intrinsically resistant to
deamination. Both 2-F-ara-AMP and combinations of ara-A with

adenosine deaminase inhibitors deserve additional clinical eval
uation.
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