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ABSTRACT
A phase II study of 9-(8-D-arabinofuranosyl-2-fluoroadenine 5'-mono-

phosphate was done in non-Hodgkin's lymphoma with a loading dose/
continuous intravenous infusion schedule, consisting of a 20 mg/m2 load
ing dose followed by a continuous i.v. infusion of 30 mg/m2/24 h for 48

li. The loading dose was held constant while the continuous i.v. dose was
escalated or decreased as appropriate for toxicity. Twenty-six patients
were entered on the study; 25 are Ã©valuablefor response. The patients'

median age was 61 years (range 25 to 73); their mean performance status
was 1.1. They had received a mean of 2.6 prior chemotherapeutic regi
mens, and six also had prior radiation therapy. There was one complete
response lasting 9+ months, and there were seven partial responses
lasting 20, 13, 11,11, 10, 5, and 2 months (response rate 32%). Toxicity
was acceptable and consisted mainly of myelosuppression. 9-0-D-arabi-
nofuranosyl-2-fluoroadenine 5'-monophosphate is dephosphorylated in
vivo and then is thought to be activated intracellularly to 9-/3-r>arabino-
furanosyl-2-fluoroadenine 5'-triphosphate. The rate-limiting enzyme is

deoxycytidine kinase. Deoxycytidine kinase activity was determined on
pretreatment tumor samples for correlation with response. There was no
difference between the values for responder* and nonresponders. There
was a trend for higher values in more malignant histolÃ³gica!subtypes.

INTRODUCTION

9-0-D-arabinofuranosyladenine is a purine antimetabolite
which was synthesized as a possible anticancer agent (1). It was
found to be an effective antiviral agent, but its antitumor activity
in vivo was hampered by its low solubility and by rapid deami-
nation to the inactive substance ara-hypoxanthine (2, 3). The
fluorinated derivative, 2F-ara-A,3 is relatively resistant to deam-

ination and has in vitro antitumor activity (4) which is retained
after its solubility is improved by the addition of a 5'-mono-

phosphate (5).
Pharmacokinetic studies of 2F-ara-AMP in humans and in

animals have shown that it is rapidly dephosphorylated in vivo
(6, 7). Intracellular phosphorylation to 2F-ara-ATP occurs and
may be necessary for cytotoxicity. The rate limiting enzyme in
this phosphorylation is thought to be deoxycytidine kinase (5,
8, 9).

Phase I clinical trials of 2F-ara-AMP in patients with solid
tumors were completed at several institutions (10, 11). The
dose-limiting toxicity was myelosuppression, primarily leuko-
penia. Two responses in non-Hodgkin's lymphoma were seen

during our phase I trial, which prompted this phase II study.
The dose and schedule utilized in this trial consisted of an

i.v. loading dose followed by a 48-h continuous i.v. infusion
with the goal of rapidly achieving cytotoxic blood levels of drug
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and maintaining them throughout the period of administration.
Our phase I investigation of this schedule established a recom
mended dose for phase II studies of 20 mg/m2 i.v. loading dose
followed by 30 mg/m2/day continuous i.v. for 2 days (12).

The present study had two goals. The primary goal was to
determine the response rate of non-Hodgkin's lymphoma to

2F-ara-AMP by a loading dose/continuous infusion schedule.
The second goal was to attempt a prospective correlation of
response to 2F-ara-AMP with deoxycytidine kinase activity in
the tumor cells.

MATERIALS AND METHODS

Patients. All patients had non-Hodgkin's lymphoma and had failed

at least one prior chemotherapeutic regimen. Other criteria of eligibility
included Zubrod performance status of 2 or better with a life expectancy
of at least 8 weeks, and adequate hepatic and renal function as defined
by bilirubin <3 and creatinine < 1.3 mg/dl. Requirements for patients
without bone marrow involvement included WBC >3,000/Ml and plate
let count > 100,000/^1. Patients with blood counts not meeting those
criteria were eligible if bone marrow involvement by lymphoma could
be documented. Patients were required to have a tumor specimen
obtainable for determination of pretreatment deoxycytidine kinase ac
tivity in addition to other measurable disease.

Study Design and Treatment. The initial course of therapy with 2F-
ara-AMP consisted of a loading dose of 20 mg/m2 by rapid i.v. infusion
followed by 30 mg/m2/day by CIV for 48 h. Provision was made for

escalation of the CIV dose by 25% if no toxicity was encountered.
Grade 3 toxicity was an indication for a 25% reduction in the CIV
dose. Courses were repeated every 21-28 days as allowed by recovery
from toxicity. Responding patients received at least three courses
beyond their best response, for a minimum of six courses.

Study Parameters. Patients had an involved lymph node removed
prior to therapy whenever possible, for determination of histological
features and identity of the malignant cell. Three patients did not have
a peripheral lymph node available, and samples of blood or bone
marrow containing malignant cells were used. Deoxycytidine kinase
activity of the malignant cells was determined.

Each patient was completely staged prior to therapy with chest X-
ray, abdominal CT scan, bone marrow biopsy, and measurement of all
palpable tumor. Positive studies were repeated as follows: chest X-ray
and palpable disease monthly, abdominal CT scan every 3 months, and
bone marrow biopsy in responding patients before stopping therapy.

Determination of Deoxycytidine Kinase Activity. Deoxycytidine ki
nase activity was determined on samples of malignant cells obtained
from the patients prior to therapy. Cells were successfully obtained
from lymph nodes (16 patients), blood (two patients), and bone marrow
(one patient). Cell suspensions were subjected to Ficoll-Hypaque cen-
trifugation and when adequate numbers of cells were obtained, they
were subjected to resetting with neuraminidase-treated sheep red blood
cells followed by centrifugaron over Ficoll-Hypaque to enrich for the
population of malignant cells by depleting the samples of T-cells.

The cells were resuspended to a concentration of 30 x IO6Â±5 cells/
ml in 5 mM Tris-HCl, 0.25 M sucrose, (pH 7.4) then disrupted by
sonication. The resulting suspension was centrifuged at 4Â°Cfor 25 min

at 50,000 x g and the supernatant used as the source of enzyme.
The assay for deoxycytidine kinase was adapted from IvÃ©set al. (13).

The final volume of the reaction was 80 ^1 including 40 n\ of crude
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enzyme. The final concentration of reactants was 26 nM deoxycytidine
(including deoxy [i/-'4C]cytidine), 10 HIMATP, 10 mM MgCI2, 15 mM

NaF, 2 mM tetrahydrouridine (Developmental Therapeutics Program,
Division of Cancer Treatment, National Cancer Institute), and 50 mM
Tris-HCl, pH 8.0 at 37"C. The reaction was incubated for 20 min at
37"C then terminated by heating at 95Â°Cfor 2 min. The substrate and

product were separated on cellulose thin-layer chromatography plates
using butanol:methanol:water:NH4OH (60:20:20:1) as solvent. Radio
activity was determined in the areas corresponding to substrate and
product using liquid scintillation counting. Enzyme activity was ex
pressed as nmol product formed/hour/IO6 cells.

The assay was shown to be linear with respect to incubation time
and number of cells/ml. The crude enzyme was shown to be stable for
at least 4 weeks when stored at -20Â°C. Samples were therefore run

within 4 weeks of collection. A positive control consisting of peripheral
blood mononuclear cells from a normal donor was run with each batch
of samples to insure reproducibility of the assay. Peripheral blood
mononuclear cells from five normal donors were run on more than one
occasion to check the reproducibility of the assay. Mean values were as
follows: sample A, 0.12 (N = 2); sample B, 0.15 (0.14-0.16, N = 4);
sample C, 0.17 (0.16-0.18, N = 3); and sample D, 0.22 (0.20-0.27, N
= 10). Assay for dCK on peripheral blood granulocytes from normal
donors yielded no activity in six donors tested.

Response Definition. Unless the patient had rapidly progressing
peripheral disease, response designation was not made until the abdom
inal CT scan was repeated, usually after three courses. Duration of
response was measured from the time the response was noted until
time of disease progression. A complete response was defined as dis
appearance of all evident disease, including that documented by CT
scan and bone marrow biopsy. A patient was considered to have a
partial response if there was a 50% or greater reduction in cross-
sectional area of all measurable lesions. Progressive disease was defined
as an increase in existing tumor by 50% or more or appearance of new
lesions. Change in the size of a tumor which did not qualify for partial
response was designated stable disease and was not considered to be a
response to 2F-ara-AMP.

RESULTS

Twenty-six eligible patients have been entered on the study.
Twenty-five are Ã©valuablefor response. The patient not Ã©valu
able for response died of a myocardial infarction after two
courses but before he could be reevaluated for response. Char
acteristics of the patients are given in Table 1. One patient had
a complete response which has lasted 9+ months; seven had
partial responses of 20, 13, 11, 11, 10, 5, and 2 months.

Histological diagnoses of the responding patients are nodular
poorly differentiated lymphocytic (two), diffuse poorly differ-

Table 1 Patient characteristics (N = 26)

Median age (range)

Mean performance status

Mean number of prior chemotherapy regimens

Number of patients with prior radiation therapy

Histological diagnoses
Diffuse, well-differentiated lymphocytic
Nodular, poorly differentiated lymphocytic
Nodular mixed
Nodular histiocytic
Diffuse, poorly differentiated lymphocytic
Diffuse mixed
Diffuse histiocytic
Richter's syndrome (DWLL/DHL")

Unknown (bone marrow involvement only)

Number of patients with bone marrow involve
ment with lymphoma

61 (25-73) years

I.I

2.6

2
2
4
2
7
2
5
1
1

14

â€¢DWLL/DHL, diffuse, well-differentiated lymphocytic with transformation

to diffuse histiocytic.

entiated lymphocytic (two), nodular mixed (two), and diffuse
well-differentiated lymphocytic and nodular histiocytic lym
phoma (one each). Four of the responding patients had docu
mented bone marrow involvement and three were free of bone
marrow involvement. While five of the responding patients had
received only one prior chemotherapeutic regimen, one had
received four and the other two had received five separate
regimens each.

All responders had disappearance of palpable disease as well
as greater than 50% reduction in any disease measured by CT
scan. One patient with nodular poorly differentiated lympho
cytic lymphoma who had bone marrow involvement and exten
sive peripheral and abdominal adenopathy also had ascites and
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Fig. 1. Deoxycytidine kinase activity of mali?.tant cells from lymph nodes of
treated patients. Non E rosetting cells (â€¢);tola! mononuclear cells (O).
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Fig. 2. Deoxycytidine kinase activity of malignant cells from lymph nodes of
patients with non-Hodgkin's lymphoma. Non E rosetting cells (â€¢);total mono-

nuclear cells (O).
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peripheral lymphocytosis which both disappeared after her first
course. She is designated as a partial responder (20 months)
but the only evidence of persistent disease was lymphoid folli
cles in her bone marrow biopsy. Another patient achieved a
partial response after three courses but relapsed in 4 months
when her therapy was delayed due to prolonged myelosuppres-
sion. She achieved a second partial response lasting 11 months
after it was restarted.

One hundred twenty-eight courses have been given which are
Ã©valuablefor toxicity. The total dose per course ranged from
50 mg/m2 to 113 mg/m2 with the majority at 80-95 mg/m2.
Six patients received cumulative doses greater than 500 mg/m2
(524, 795, 865, 1125, 1432, and 1623 mg/m2). The drug has

been extremely well tolerated by this schedule. No hepatic,
renal, or neurological toxicity were observed during this trial.

Myelosuppression was the only significant drug-related tox
icity. In the 10 Ã©valuablepatients without bone marrow involve
ment, the first course was associated with grade 2 leukopenia
in three patients, grade 3 in one patient, and grade 0 or 1
leukopenia in six patients (WHO grading scale). Platelet nadirs
were greater than 100,000/^1 in all patients without bone mar
row involvement. Eleven patients had bone marrow involve
ment but had adequate blood counts prior to treatment (WBC
> 3,000/jul, platelet count > 100,000/^1). The patients with
bone marrow involvement did have more severe myelosuppres-
sion. Two patients had grade 4 leukopenia, one had grade 3,
and two had grade 2 leukopenia. The remaining six had grade
0 or 1 leukopenia. In the same group of patients, two had grade
3 thrombocytopenia but the remainder had grade 0 or 1. Re
sponse rates were similar in patients with (four of 14) and
without (three of 10) bone marrow involvement. Myelosuppres
sion did appear to be cumulative. Of the 14 patients receiving
three or more courses, six eventually required dose reductions
for myelosuppression.

Deoxycytidine kinase activity was determined on non E ro-
setting or total mononuclear cells obtained from lymph nodes
of 16 patients treated on this study (Fig. 1). Considering only
values obtained on non E rosetting cells the median value of
dCK activity in patients who responded was 0.68 (N = 7) and
in nonresponding patients was 0.55 (N = 4). The values ob
tained on total mononuclear cells are comparable since the
majority of mononuclear cells in lymph nodes of patients with
NHL are usually malignant cells (14, 15). If those values are
included, the median value for responding patients is 0.68 (N
= 7) and of nonresponding patients is 0.56 (TV= 9). These
differences are not statistically significant by the Wilcoxon rank
sum test.

Pooling dCK values obtained from patients treated with 2F-
ara-AMP and from four additional patients not treated with
this agent, it can be seen that there is a rough trend for
increasing dCK activity with the degree of malignancy predicted
by histology (Fig. 2) (16). The three patients with diffuse
histiocytic lymphoma have a median dCK activity of 1.02
compared to the median for the other 17 patients of 0.56. The
small numbers of patients precludes meaningful statistical anal
ysis.

DISCUSSION

2F-ara-AMP phosphate appears to have significant antitu-
mor activity in non-Hodgkin's lymphoma, yielding one com

plete remission and seven partial remissions out of 25 Ã©valuable
patients for a 32% response rate (95% confidence interval, 14-
50%). It is important to note that the drug has clinical activity
against these B-cell malignancies since it has been shown to

have greater activity against normal T-cells than normal B-cells
(17).

In addition to being an effective antitumor agent, 2F-ara-
AMP appears to be a reasonably safe drug. Initial reports of
neurotoxicity involved patients treated at much higher doses of
2F-ara-AMP (18, 19). Recently, a patient was described with
possible neurotoxicity after treatment with doses comparable
to those used in this study. Chun recently reviewed the cases of
neurotoxicity with 2F-ara-AMP and found that the rate of
neurotoxicity for doses in this range was 0.2%, or one of 443
patients (20). It appears that neurotoxicity is more likely related
to peak concentrations rather than total of dose drug since six
of our patients received total doses greater than 500 mg/m2, a

dose which reliably produced neurotoxicity when given in a
single course (18, 20).

Our hypothesis that pretreatment levels of deoxycytidine
kinase activity might govern response to the drug was disproved.
High levels of enzyme activity did not guarantee response nor
did relatively low levels correlate with resistance. All the cells
assayed in this study had measurable levels of dCK activity, and
it may be that having any dCK activity is adequate to accomplish
intracellular phosphorylation of the drug. Other factors which
may possibly govern response include retention of phosphoryl-
ated product or transport of the drug into the cell. The dCK
activity did correlate to some extent with the histology and
degree of malignancy predicted for the lymphoma by the his
tology in that lymph nodes from patients with the most malig
nant subtype, diffuse histiocytic lymphoma, had higher values
than the rest of the group.

In conclusion, 2F-ara-AMP is an active drug in non-Hodg
kin's lymphoma. In this trial no significant toxicity other than

myelosuppression was seen. We believe that its further devel
opment as an antineoplastic agent is desirable. Avenues for
future study of this agent might include a trial in non-Hodgkin's

lymphoma to compare efficacy and hematological toxicity of
different schedules, i.e., loading dose/continuous infusion ver
sus daily bolus for 5 days. In patients with indolent lymphomas
a comparison of 2F-ara-AMP as a single agent with standard
therapy would also be of interest. Phase II study of this drug at
The Ohio State University remains open for accrual with the
goal of defining any subclinical neurotoxicity.
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