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A. Introduction 

There is now little doubt that a proportion 
of patients with adult acute myelogenous 
leukaemia will achieve long-term survival 
and possibly cure with combination 
chemotherapy. Cytosine arabinoside 
(araC) is one of the most important drugs 
used in the treatment of this disease. De- 
spite extensive clinical experience over the 
past 15 years, the schedule of administra- 
tion remains controversial. These studies 
were conducted in an attempt to provide a 
greater understanding of the effect of both 
the schedule and route of administration 
on the clinical pharmacology of araC. 

The S phase specificity of araC has led 
most workers to administer it by continu- 
ous intravenous infusion. The potential 
therapeutic advantages of this schedule 
have to be balanced against the dis- 
advantages of hospitalisation and the medi- 
cal and nursing supervision required to 
maintain continuous intravenous therapy. 
Some investigators have therefore used 
subcutaneous bolus injection of araC as a 
practical alternative to intravenous infusion 
[I, 121. The rationale for this was based on 
the convenience to the patients and the 
suggestion that following subcutaneous 
bolus injection araC declined with a half- 
life of several hours [4]. Methodological 
problems made this report difficult to as- 
sess, and a study was therefore conducted 
to compare the pharmacokinetics of sub- 
cutaneous bolus araC with intravenous 
bolus and intravenous infusion [13]. 

Continuous subcutaneous infusion has 
been successfully used for continuous ad- 
ministration of insulin [10] and desferrioxa- 
mine [7], and this route was examined as 
another alternative to intravenous infusion. 

The recent use of massive doses of araC 
has resulted in a surprisingly high remis- 
sion rate in patients with acute leukaemia 
resistant to araC in conventional doses, and 
may provide a means of overcoming such 
resistance [3, 81. The prophylaxis and treat- 
ment of central nervous system leukaemia 
usually requires intrathecal chemotherapy. 
Patients with neoplastic meningitis may, 
however, have significant abnormalities of 
flow which can prevent the even distri- 
bution of cytotoxic drugs administered by 
the lumbar route and may also contribute 
towards neurotoxicity [5]. Repeated lumbar 
punctures are often extremely unpleasant 
for patients. It would clearly be to the ad- 
vantage of the patient if it were possible to 
produce prolonged cytotoxic levels of araC 
in the CSF with the Same intravenous ther- 
apy used to control the systemic disease. 
Ho et al. [6] and Canellos et al. [2] have 
demonstrated that araC crosses the blood- 
brain barrier during continuous intra- 
venous infusion of conventional doses. It 
seemed likely that the use of high doses of 
araC would result in greater CSF araC con- 
centrations than conventional dose in- 
fusions, and that these might therefore be 
useful therapeutically in the treatment of 
central nervous system leukaemia. The re- 
lationship between CSF and plasma levels 
of araC during high-dose intravenous in- 
fusions was therefore studied. 



B. Materials and Methods C. Results 

Patients with acute leukaemia and high- I. Subcutaneous Bolus araC 
grade non-Hodgkin's lymphoma receiving 
remission induction or consolidation ther- The results of this study showed that sub- 
apy have been studied. Plasma and CSF cutaneous bolus araC was rapidly absorbed 
araC concentrations were measured using a and then declined with a half-life similar to 
specific and sensitive radioimmunoassay that of intravenous bolus injection. Plasma 
PI. araC concentrations following a sub- 
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Fig. 1. Mean plasma concentrations ( H D )  after intravenous bolus, subcutaneous bolus, and intra- 
venous infusion of araC in five patients 
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Fig. 2. Mean plasma concentrations kSD in six patients treated with araC 100 mg/m2 by intravenous 
and subcutaneous infusion over 12 h 
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Fig. 3. Mean plasma and CSF levels of araC (kSD) in five patients during an intravenous infusion of 
1 g/m2 araC over 3 h (one-third of total dose given as a bolus) 
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Fig. 4. Mean plasma and CSF levels of araC (kSD) in five patients during an intravenous infusion of 
1 g/m2 araC over 1 h 

cutaneous bolus were greater than those 
following intravenous bolus only during 
the first new hours, and within 5 plasma 
araC concentrations were only 10% of 
steady state infusion levels (Fig. 1). 

11. Subcutaneous Infusion of araC 

It was demonstrated that subcutaneous in- 
fusion of araC was equivalent to intra- 
venous infusion, and that the time to 
achieve a plateau, the steady state levels, 

and the area under the curve were similar 
for both methods of administration (Fig. 2). 
There was no local excoriation. 

111. High-Dose araC 

The relationship between CSF and plasma 
levels of araC during high-dose infusions 
was studied. These studies demonstrated 
that significant concentrations of araC are 
found in the CSF during therapy with 
high-dose araC and that levels are similar 
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Fig. 5. Mean plasma and CSF concentrations of araC in five patients treated with an intravenous in- 
fusion of 1 g/m2 and five patients treated with an intravenous infusion of 3 g/m2 over 3 h 
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Fig. 6. Plasma and CSF levels of araC in a Patient with an Ommaya reservoir treated with an intra- 
venous infusion of 100 mg/m2 and 1 g/m2 araC over 6 h 
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Fig. 7. CSF levels of araC following injection of araC (50 mg/m2) into an Ommaya reservoir 

during both 1- and 3-h infusion (Figs. 3,4). 
However, the peak plasma concentrations 
were much greater during the shorter in- 
fusions, resulting in a CSF: plasma araC 
ratio of only 0.03 compared to a ratio of 
0.12 during the 3-h infusion. The plasma 
and CSF araC concentrations during in- 
fusions of 3 g/m2 were proportionately 
higher than those found during infusions of 
1 g/m2 (Fig. 5). Following completion of 
the infusions, CSF araC levels declined 
much more slowly than those in plasma 
with a half-life in excess of 2 h. 

The studies conducted in the patient with 
an Ommaya reservoir (Fig. 6) showed 
rapid equilibration between plasma and 
CSF araC, and suggested that araC crossed 
the blood-brain barrier as effectively dur- 
ing high-dose infusions as at conventional 
dosage. The CSF concentrations of araC 
following 50 mg/m2 injected into an Om- 
maya reservoir are shown i n  Fig. 7. The 
peak concentrations are several hundred 
times greater than those found in the CSF 
during high-dose intravenous therapy, but 
shortly after 24 h the concentrations have 
fallen below 100 ng/ml. 

D. Discussion 

These studies demonstrate that it is not 
possible to achieve steady state plasma 
levels of araC comparable to intravenous 
infusion with the Same total dose given by 
twice or thrice daily subcutaneous bolus in- 
jection. Recent data from the CALGB [l 11, 
however, showed a significantly longer 
duration of remission in those patients with 
acute myelogenous leukaemia who re- 
ceived subcutaneous bolus rather than in- 
travenous bolus maintenance. This suggests 
that even relatively minor differences be- 
tween intravenous and subcutaneous bolus 
araC might significantly affect patient out- 
come. 

Subcutaneous infusion of araC was well 
tolerated by the patients without local dis- 
comfort or excoriation. It is a feasible 
alternative, and is comparable to intra- 
venous infusion. It allows the patients the 
advantages of out-patient therapy whilst 
preserving their venous access. 

It is likely that in patients treated with 
high-dose araC at a dose of 3 g/m2 given as 
a short infusion repeated 12-hourly, CSF 



levels > 100 ng/ml would be maintained al- 
most continuously. CSF araC concentra- 
tions during high-dose therapy are there- 
fore greater than those found in the plasma 
of patients treated with continuous intra- 
venous infusion at a dose of 200 mg/m2 
over 24 h. These data suggest that high- 
dose araC should provide effective therapy 
for central nervous system leukaemia, and 
overcome any potential maldistribution of 
araC in the CSF of patients with leukaemic 
meningitis. 

The central nervous system toxicity as- 
sociated with high-dose araC cannot be ex- 
plained in terms of the peak levels achieved 
in the CSF, as these are considerably lower 
than those found following intrathecal 
araC administration. The CNS toxicity is 
thus most probably related to the pro- 
longed exposure to relatively high CNS 
concentrations of araC that occur during 
this therapy. 

The most effective schedules of araC ad- 
ministration for both systemic disease and 
central nervous system leukaemia remain 
unknown. It is hoped that a greater under- 
standing of the clinical pharmacology will 
help in the design of studies intended to 
answer these questions. 
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