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ABSTRACT

We examined the plasma and cerebrospinal fluid (CSF) pharmacoki-
netics of l-/3-D-arabinofuranosylcytosine (ara-C) and l-/3-D-arabmofura-
nosyluracil (ara-U) in 19 patients with acute leukemia in order to deter
mine whether ara-C or ara-U accumulate in these fluid compartments
over time. Plasma and CSF samples were obtained just prior to the
conclusion of the first and seventh, and immediately before the second
and eighth, 2-h, twice-daily i.v. infusions of 3 g/m2/dose of ara-C (n =
10), 2 g/m2/dose of ara-C (n = 3), and 0.75 g/nr/dose of ara-C (n = 6).
There was no accumulation of ara-C in the plasma or CSF, or of ara-U
in the plasma following repeated ara-C infusions. ara-U did accumulate
in the CSF; the end-dose I/end-dose 7 CSF ara-U ratio was 0.35 Â±0.12
and significantly different from this ratio for CSF ara-C (2.10 Â±3.01; P
= 0.04). The end-dose 7 CSF ara-U level was greater than the end-dose
1 CSF ara-U level in all paired specimens. There was a significant
correlation between the dose of ara-C administered and the end-dose
plasma ara-C and the end-dose CSF ara-U levels (P < 0.02). One patient
who received 3 g/m2/dose of ara-C developed neurotoxicity; his plasma
and CSF ara-C and ara-U levels were not extraordinary during the period
of ara-C administration, but he had persistent CSF ara-U demonstrable
75 h after his final ara-C dose. CSF ara-U accumulation might underlie
the pathophysiology of ara-C-induced neurotoxicity. Intermediate doses
of ara-C given i.v. (0.75 g/m2/dose over 2 h) appeared to generate
therapeutic CSF ara-C levels and cleared CSF leukemia in one patient.

INTRODUCTION

High-dose ara-C1 is usually delivered as ara-C doses of 2-3
g/m2 twice/day for 8-12 doses. Alone, or in combination with
anthracyclines, amsacrine, or L-asparaginase, HDAC is effec
tive in treating de novo ANLL as well as high-risk leukemias
and lymphomas (1-11). However, severe neurotoxicity will
complicate 7-18% of HDAC treatment courses and will be
permanent or fatal in 10-50% of these cases (1, 4, 12-16).
Neurotoxicity occurs 3-8 days after the initiation of twice-daily
HDAC and is usually severe or life-threatening (17). Neurotox
icity limits the dose of ara-C which can be safely administered.
An understanding of the factors predicting ara-C neurotoxicity
will allow physicians to maximize ara-C doses in patients
without risk and to modify ara-C doses for those at high risk.

We, and others, have shown that the administration of
HDAC during renal insufficiency is the major factor predicting
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neurotoxicity in our patients (16, 18). One possible explanation
for this association is ara-U accumulation leading to increased
CNS exposure to ara-CTP. Since ara-U is cleared by the kidney,
it might accumulate in the CNS compartment when HDAC is
administered i.v. during renal insufficiency. Although ara-U is
a nontoxic metabolite of ara-C, it has been shown to modulate
ara-C pharmacokinetics in leukemic mice by enhancing the
conversion of ara-C to its active triphosphate metabolite, ara-
CTP (19). This occurs through the inhibition of cytidine de-
aminase by ara-U. ara-CTP is the presumed neurotoxin and
appears to kill postmitotic neurons by interfering with a 2'-

deoxycytidine-dependent neurotrophic signal transduction
mechanism (20-22). Thus, CNS accumulation of ara-U could
result in the CNS accumulation of ara-CTP expressed as clinical
neurotoxicity.

We studied patients receiving repeated doses of HDAC to
determine whether there is accumulation of ara-C or ara-U in
the CSF over time. Evidence for CSF ara-U accumulation,
especially if correlated with renal insufficiency, would support
our hypothesis for the association of renal insufficiency with
increased risk of HDAC neurotoxicity. No studies published to
date have specifically examined CSF levels of ara-C or ara-U
following repeated i.v. doses of HDAC. Lopez et al. (23) showed
CSF accumulation of ara-U up to six h after a single i.v. infusion
of 3 g/m2 ara-C. This suggests that ara-U might accumulate
significantly in the CSF after multiple twice-daily i.v. infusions.
Further, we prospectively measured blood ammonia and CSF
glutamine levels to determine whether these deamination by
products might correlate with plasma or CSF ara-U levels and
provide an indirect measure of ara-U pharmacokinetics.

We also studied patients receiving IDAC to determine the
pharmacokinetics of CSF ara-C and ara-U at this dose level.
This evolved from the recent interest in IDAC to treat leukemia.
Pharmacokinetic data show that intermediate doses of ara-C
produce plasma levels of 7 /UMor greater when administered
over 2 h (24). Such levels saturate the intracellular kinases
which convert ara-C to ara-CTP in leukemic blasts. Thus, IDAC
may be as effective as HDAC against leukemia but less neuro-
toxic. However, CSF ara-C levels following i.v. IDAC might
not be therapeutic against meningeal leukemia. Therefore, we
studied the CSF pharmacokinetics of ara-C and ara-U following
i.v. IDAC to answer this question as well.

PATIENTS AND METHODS

Patients. Patients were eligible for participation in this study if they
had acute leukemia and were scheduled to receive ara-C i.v. at a dose
of 0.5 g/m2 or greater for 8 or more doses at 12-h intervals. All patients

gave informed consent and signed consent forms. The consent form
and this human investigation protocol were both approved by the
University of California, San Francisco, Committee on Human Re
search in accordance with the Helsinki Declaration. Patients were
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ineligible for this study if they demonstrated ongoing disseminated
intravascular coagulation, refractoriness to platelet transfusions (plate
let count at time of lumbar punctures. <50.000/V1). coagulopathy
defined as prothrombin time or partial throtnboplastin time more than
1.5-fold a normal control, or anatomic conditions precluding lumbar
puncture.

Drug Treatment and Specimen Collection. Based on various chemo
therapy protocols for hematological malignancy ongoing at the Univer
sity of California, San Francisco, patients received one of three treat
ment protocols: ara-C (3 g/m2) i.v. infusion over 2 h every 12 h for 8
doses plus daunorubicin (60 mg/m:) i.v. infusion over l h daily on days
5 and 6 (n = 10); ara-C (2 g/m2) i.v. infusion over 2 h every 12 h for
12 doses plus daunorubicin (60 mg/m2) i.v. infusion over l h daily on
days 7 and 8 (n - 3); or ara-C (0.75 g/m2) i.v. infusion over 2 h every

12 h for 12 doses plus daunorubicin (30 mg/nr) i.v. infusion over l h
daily on days 7, 8, and 9 (n = 6). ara-C (Cytosar-U) was purchased
from the Upjohn Co.. Kalamazoo, Ml. Daunorubicin (Cerubidine) was
purchased from Wyeth-Ayerst. Philadelphia, PA.

Simultaneous blood (10 ml) and cerebrospinal fluid (8 ml) specimens
were collected at the following times: just prior to the conclusion of the
first ara-C infusion ("end-dose 1"), immediately prior to the second
ara-C infusion ("predose 2"). just prior to the conclusion of the seventh
ara-C infusion ("end-dose 7"), and immediately prior to the eighth ara-
C infusion ("predose 8"). The end-dose specimens represent ara-C

plasma peaks but not CSF peaks, and the predose specimens represent
ara-C plasma and CSF troughs. Five ml of blood or CSF was placed in
iced 10-ml centrifuge tubes containing 100 units of heparin and 1.25
mg of tetrahydrouridine (final concentration. 1 niM) (Calbiochem
Corp., La Jolla, CA), as previously described (25). The blood and CSF
samples were then immediately centrifuged for 5 min, and the plasma
and CSF were separated from RBCs. The plasma and CSF were then
frozen at -20Â°C until used for later drug and metabolite analysis. At

the time of blood and CSF collections, 5 ml of blood was sent on ice
for ammonia determination (normal range, 11-35 MM),and 3 ml of
CSF was sent for glutamine determination (normal value, 6-15 mg/
dl). In addition. 24-h urine collections for creatinine clearance were
done on the days of the first and seventh ara-C infusions. Any patient
having ara-C neurotoxicity had all the above specimens repeated at the
time of neurotoxicity.

Drug and Metabolite Analysis. ara-C levels in plasma and CSF were
determined by radioimmunoassay as previously described (26). ara-C
analysis was performed courtesy of Dr. Lawrence K. Oliver (Clinical
Research Laboratories, The Upjohn Co.). All radioimmunoassays were
done in triplicate and performed with simultaneous standard controls.
Tritiated ara-C (15-25 Ci/mmol) was purchased from Moravek Bio-
chemicals, Inc. (Brea, CA). The ara-C antibody (lot G/S/747-X1B) was
obtained from F. M. Piali, University of Surrey (Guildford, Surrey,
United Kingdom). Each sample was diluted in 0.05 Mphosphate buffer
at pH 7.4 containing 0.6% NaCI and 0.1% gelatin. For each analysis,
a standard curve was prepared.

ara-U levels in plasma and CSF were determined by high-pressure
liquid chromatography similarly to previous methods (27). Thawed
samples were centrifuged and 20 /Â¿Iof sample was injected onto a
^Bondapak C.Â«column (Waters Assoc.. Inc.) using an automatic injec
tor (WISP model 71OB; Waters). No extraction procedure was per
formed. These samples were eluted with 0.05 M phosphate buffer (pH
7.0) at a flow rate of 1.6 ml/min driven by a model 600 A pump
(Waters). ara-U was detected at 280 nm using a model 481 UV-VIS
detector (Waters), and peak areas were quantitated with a model 730
data module. The amounts of ara-U in each sample were calculated by
comparison of the area with that of a standard curve (r > 0.999)
analyzed on the same day.

Analysis and Statistics. Each patient in the study was assessed daily
by one author (L.D.) for neurotoxicity. ara-C neurotoxicity was defined
as cerebellar and/or cerebral dysfunction temporally associated with
the administration of ara-C and not explained by comorbid medications,
metabolic abnormalities, or CNS structural/vascular lesions. ara-C
neurotoxicity was graded from 0 to 4, as previously described (16).
Response to leukemia therapy was defined as follows: CR, achievement

of neutrophils > 1.500/fil, platelets > 140,000/^1, bone marrow with
normal mixed hematopoiesis and <5% blasts, no evidence of extramed-
ullary leukemia, and no active infections; ED, a fatal event occurring
during the hospitalization for induction or consolidation chemotherapy;
and NR, neither CR or ED.

All statistics were performed on a Macintosh Plus personal computer
using the Statview software (copyright 1986, Abacus Concepts, Inc.).
Comparison between groups was performed as an analysis of variance
using the two-tailed. Student's t test. Correlations between parameters

was performed using a simple regression F test (second order). The
ratios of end-dose 1/end-dose 7 levels for ara-C and ara-U were deter
mined by first calculating the ratio for each patient and then calculating
the mean of these ratios (Table 3).

RESULTS

Patient Characteristics. We studied 19 patients (Table 1).
One patient in the 2-g/nr group and 2 patients in the 0.75-g/
m: group agreed to have plasma collected but refused lumbar
punctures. One patient in the 3-g/nr group died prior to his
seventh ara-C dose, so paired plasma/CSF samples could not
be obtained. Thirteen patients had de novo ANLL, 3 had
secondary ANLL (2 prior myelodysplasia, one prior treatment
for ALL), and 2 had relapsed ALL. Only one of 4 patients with
secondary ANLL responded to treatment. There were some
imbalances between groups: the 0.75-g/nr group was older (P
= 0.03) and had fewer women than the other 2 groups.

Drug and Metabolite Levels. The plasma ara-C and ara-U
levels at the various time intervals relative to ara-C administra
tion are shown in Table 2. There were no significant differences
between end-dose 1 and end-dose 7 or predose 2 and predose 8
plasma levels for either ara-C or ara-U. Differences between
levels in certain categories can be attributed to a great degree
of interpatient variability. The ratios of end-dose 1/end-dose 7
for plasma ara-C and ara-U were usually one or greater (Table
3). This is consistent with a lack of drug or metabolite accu
mulation in plasma. There was a significant correlation (P =
0.016) between the dose of ara-C administered and the plasma
ara-C level just prior to the completion of ara-C infusions (Fig.
\A). There was also a strong relationship between ara-C dose
and peak plasma ara-U levels which approached statistical
significance (P = 0.08; Fig. IB). There was no significant
correlation between creatinine clearance (adjusted for body

Table I Patient characteristics
ara-C dose (g/m2)

3 20.75No.

ofPatientsMedian
age (yr;range)Male/femaleDiagnosisANLL

(denovo)ANLL
(secondary)ALLCSF

leukemiaResponse
totherapyCREDNRNeurotoxicitySerum

Cr(nig/dl)ara-C
doseIara-C
dose7Cr

clearance(ml/min/nr
bodysurfacearea)ara-C

dose1ara-C
dose 71035(22-41)5/5100(I172110.93

Â±0.13*0.93

Â±0.1758.3

Â±18.460.
2 Â±18.4340

(25-47)2/1120020100.90

Â±0.100.97
+0.1550.6

Â±10.0664

(27-74)Â°5/1222131201.10

Â±0.321.00
Â±0.4040.8

Â±9.145.2
Â±22.0

' P = 0.03. comparing 0.75-g/nr age to 3- and 2-g/m2 age.
*Mean Â±SD.
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Table 2 Plasma ara-C and ara-l ' levels

ara-C dose(g/nr)Drug/metaboliteara-C

(/IM)
End-dose 1
End-dose7ara-C

(^M)
Predose 2
Predose8ara-U

(MM)
End-dose 1
End-dose7ara-U

(nM)
Predose 2
Predose 83(n

=10)52.25

Â±32.01Â°

57.33 Â±36.210.20

Â±0.26
0.11Â±0.0636

1.2 Â±59.6
345.6 Â±138.0149.2

Â±104.7
141.9 Â±123.72

(n =3)26.81

Â±26.99
59.97 Â±59.940.04

Â±0.05
0.04 Â±0.04277.0

Â±8.7
286.3 Â±22.091.3

Â±10.2
83.7 Â±26.10.75

(n =6)2I.54Â±

19.08
9.96 +7.761.11

Â±2.01
0.15Â±0.10121.3

Â±18.2
160.5 Â±48.686.2

Â±19.2
74.5 Â±39.6

Table 3 Ratios of end-dose IÂ¡end-dose1 levelsfor ara-C anil ara-L'

Drug/
metab
oliteara-C

ara-U
ara-C

ara-U"
Meanara-C

dose(g/nr)FluidPlasma

Plasma
CSF

CSFÂ±SD.1.06

1.43
3.04
0.313+

Â±
+_+0.52Â°

1.08
3.65
0.11*0.50

0.97
0.70
0.462+â€¢f.

+
+0.750.33

0.09
0.08
0.081.22

Â±
0.76 Â±
0.70 Â±
0.39 Â±1.00

0.19
0.22
0.15'Combined1.02Â±

1.13 +
2.10 +
0.35 Â±0.71

0.81
3.01
0.12''

surface area) and end-dose plasma ara-C or ara-U levels in any

treatment group.
The CSF ara-C and ara-U levels at the various time intervals

relative to ara-C administration are shown in Table 4. There
was no significant difference between end-dose 1 and end-dose
7 CSF ara-C levels. Seven of 15 paired CSF samples showed
the end-dose 7 level of ara-C to be greater than the end-dose 1
level. However, end-dose 7 CSF ara-U levels were significantly
greater than end-dose 1 levels, and the end-dose 7 levels were
greater than the end-dose 1 levels in all paired specimens.
Although the mean predose 2 CSF ara-U levels were the same
as the mean predose 8 CSF ara-U levels (Table 4), 10 of 15
(including 6 of 9 in the 3-g/nr ara-C group) paired samples
showed a predose 8 level greater than the predose 2 level. The
ratios of end-dose I/end-dose 7 for CSF ara-U were <0.5 (Table
3), consistent with the CSF accumulation of ara-U. There was
a significant correlation (P = 0.006) between the dose of ara-C
administered and the CSF ara-U level immediately at the com
pletion of ara-C infusions (Fig. 2B). The relationship between
ara-C dose and CSF ara-C level was not significant (Fig. 2A),
possibly due to the few 2-g/nr samples obtained. There was no
significant correlation between creatinine clearance (adjusted
for body surface area) and end-dose CSF ara-C or ara-U levels

in any treatment group.
One patient receiving 3 g/m:/dose of ara-C developed grade

I neurotoxicity 48 h after his final (eighth) dose of ara-C. His
neurological dysfunction lasted 3 days and consisted of scan
ning dysarthria, mild gait ataxia, left hand dysmetria, dissocia
tive feelings, and decreased attention span. His creatinine clear
ance was 68.5 ml/min/nr on the day of his first ara-C dose and
was 66.2 ml/min/nr on the day of his eighth ara-C dose. The
plasma and CSF ara-C end-dose 7 levels of this patient were
56.6 and 5.51 /Ã•M,respectively. His plasma and CSF ara-U end-
dose 7 levels were 108 and 129 (i\i, respectively. These levels

were within 1 SD above the mean for the 3-g/nr treatment
group. Seventy-five h after his final ara-C dose (1 day after the
onset of neurotoxicity), his plasma and CSF ara-C levels were
undetectable but his plasma and CSF ara-U levels were 21 and
6 //M, respectively. At that time, his blood ammonia was 27 ^M
and his CSF glutamine was 21 mg/dl.

Two patients had CSF leukemia when they began their
chemotherapy (one each in the 3- and 0.75-g/nr/dose groups).
For both patients, their end-dose 7 plasma and CSF ara-C and
ara-U levels were within 1 SD of the mean for their respective
treatment group (with the exception of the patient receiving the
3-g/nr/dose w-hose CSF ara-U level was 165 Â¿Â¿M,within 2 SD

of the mean). Signs of CSF leukemia disappeared in both
patients with i.v. ara-C administration alone.

Ammonia and Glutamine. Because ara-C is catabolized to ara
U by deamination, we assessed blood ammonia and CSF glu
tamine levels to determine whether they would correlate with
plasma or CSF ara-C or ara-U levels. The mean end-dose
ammonia was 50.2 Â±33.7 ^M; the mean predose ammonia was
38.8 Â±15.1 fi\\. Both means were above the normal range (11-
35 //M) and were significantly different from each other (P <
0.03). There was no correlation between blood ammonia level
and plasma ara-C or plasma ara-U levels. The mean end-dose
CSF glutamine was 7.8 Â±1.7 mg/dl; the mean predose CSF
glutamine was 8.4 Â±1.4 mg/dl. As with ammonia, these means
were significantly different (P = 0.02) but were within the
normal range (6-15 mg/dl). There was no significant correla
tion between CSF glutamine level and CSF ara-C or ara-U
levels. There was no correlation between the ara-C dose admin
istered and either blood ammonia levels or CSF glutamine
levels.

0123
Ara-C DosÂ» (g/m2)

0123
Ara-C Dose (g/m2)

Fig. 1. Correlations between the ara-C dose administered and plasma ara-C
and plasma ara-U levels. A, end-dose plasma ara-C (1 and 7 combined): B, end-
dose plasma ara-l! (I and 7 combined). Simple regression ftesl (second order)
was performed for each analysis (A: r = 0.985. P = 0.016: B: r = 0.992. P = 0.07).
Error burs, +SEM.

Table 4 CSF ara-C and ara-L' levels

ara-C dose(g/mj)Drug/metaboliteara-C

(pM)
End-dose 1
End-dose7ara-C

(^M)
Predose 2
Predose8ara-U

(JIM)
End-dose 1
End-dose7ara-U

(/IM)
Predosc 2
Predose 83

(n =9)3.27

Â±1.30"

3.85 Â±3.830.58

Â±0.56
0.22 +0.1046.7

Â±17.3
145.1 Â±12.5*141.0Â±31.7

135.8 Â±7.02

(n =2)4.17

Â±2.38
5.84 +2.770.20

Â±0.08
0.51Â±0.6443.5

Â±6.4
96.0 +2.8C86.5

Â±17.7
98.5 Â±31.80.750.67

Â±0.73
1.14 +0.970.08

Â±0.07
0.11Â±0.0725.0+

13.1
57.3 Â±30.7''47.0

Â±22.353.5
Â±31.5

Â°Mean Â±SD.
b P = 0.001. comparing ara-l' end-dose 7 to end-dose 1.
c P = 0.07. comparing ara-U end-dose 7 to end-dose I.
d P = 0.04. comparing ara-U end-dose 7 to end-dose 1.
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Fig. 2. Correlations between the ara-C dose administered and CSF ara-C and
CSF ara-U levels. A, end-dose CSF ara-C ( I and 7 combined): B. end-dose CSF
ara-U (â€¢.end-dose 1: D, end-dose 7). Simple regression F test (second order) was
performed for each analysis (A: r = 0.685. P = 0.52: B: end-dose 1, r = 0.948. P
= 0.21: B: end-dose 7, r = 0.991. P = 0.08: B: end-dose l and 7 combined, r =
1.0./> = 0.006).

DISCUSSION

We have demonstrated a direct correlation between the dose
of ara-C administered and peak plasma ara-C levels (P = 0.016),
as has been shown by other investigators (4, 28-30). We also
have documented a relationship between ara-C dose and CSF
ara-C levels, although this was not significant. Others have
shown a nonsignificant linear relationship between these pa
rameters (29). Since the mean end-dose CSF ara-C level follow
ing 3 g/nr of ara-C was exactly 4-fold the mean end-dose CSF
ara-C level following 0.75 g/nr (4 is the ratio of 3/0.75), the
lack of a statistical correlation between the i.v. dose adminis
tered and the end-dose CSF ara-C may be due to the few samples
obtained in the 2-g/nr/dose group. In addition, Zimm et al.
(31) have shown that most CSF ara-C is cleared by bulk flow
and very little by metabolism. This, plus wide interpatient
variability in ara-C levels, prevents a clear dose-level relation
ship from being established. In addition, we have shown a
significant direct correlation between ara-C dose and CSF end-
dose ara-U levels (P = 0.006). This suggests that cytidine
deaminase is not saturated at ara-C doses between 0.75 and 3
g/m2.

ara-U accumulates in CSF following multiple i.v. infusions
of IDAC or HDAC, but ara-C does not. Our data support this
conclusion in a number of ways. CSF ara-U levels at the
conclusion of the seventh dose of 0.75 and 3 g/nr ara-C were
significantly greater than these levels at the conclusion of the
first doses of ara-C (P = 0.04 and 0.001. respectively), while
there was no difference between the CSF ara-C levels at the
conclusion of the seventh and first ara-C infusions (Table 3).
The lack of statistical proof that ara-U accumulates in the CSF
following a 2-h infusion of 2 g/nr of ara-C is most likely the
result of a small number of patients receiving that dose in our
study (n = 2). It is not clear why there was no mean difference
between predose 2 and predose 8 CSF ara-U levels, although
the majority of predose 8 levels were greater than the predose
2 levels. Perhaps ara-U entering brain parenchyma is slowly
eliminated and acts as an ara-U reservoir equilibrating with the
CSF compartment.

These data provide information concerning the CSF phar-
macokinetics of multiple infusions of IDAC and HDAC. Al
though Capizzi et al. (32) measured CSF ara-C and ara-U levels
in two patients following their fourth 3-h i.v. infusion of 3 g/
nr ara-C, they had no comparable data following the first dose
of ara-C and, therefore, could not determine whether ara-C or
its metabolite was accumulating in the CSF.

The relevance of CSF ara-U accumulation with regard to
HDAC neurotoxicity remains uncertain. ara-U is a known
inhibitor of cytidine deaminase with a KÂ¡of 5.6 HIMcompared
to the Aâ„¢of ara-C for this enzyme of 0.125 mivi (32). The ratio

of this K-,/Kmis 44.8. The ratio of CSF ara-U/ara-C end-dose
7 was 38.2 and the ratio of CSF ara-U/ara-C predose ara-C
(predoses combined) was 370.9 according to our data. Although
controversy exists regarding whether human brain contains
cytidine deaminase, it certainly appears to be present in non-
human primate brains (20, 33, 34). Since ara-C rapidly enters
brain parenchyma (within 5 min) from the CSF compartment
via facilitated diffusion (20), perhaps ara-U accumulates in
brain as well as CSF, inhibits cytidine deaminase, enhances
brain intracellular ara-CTP accumulation, and hence promotes
ara-CTP neurotoxicity. Our CSF ara-U/ara-C ratios, at least
in part, support such a hypothesis.

It is of interest that one of our 19 enrolled patients prospec-
tively developed ara-C neurotoxicity. There was nothing un
usual about this patient's plasma and CSF ara-C and ara-U
levels. This patient's renal function, which may impact HDAC

pharmacokinetics (16,18), was normal. In addition, as has been
reported in a previous case report of a HDAC neurotoxic
patient, this patient had prolonged CSF ara-U levels but no
detectable CSF ara-C at the time of symptomatic neurotoxicity
(35). Similarly, since CNS leukemia is a risk factor for the
development of ara-C neurotoxicity (4, 13), it is noteworthy
that there was nothing unusual about the plasma and CSF ara-
C and ara-U levels of our two patients with positive CSF
cytology. Both patients showed no signs of CNS leukemia after
i.v. ara-C alone. Since therapeutic plasma levels of ara-C are
0.1-1.0 UM based on the results of standard-dose ara-C infu
sions (100-200 mg/nr/day as a constant infusion) (28, 33, 36),
it would appear from our CSF data that most patients receiving
0.75 g/nr/dose of ara-C i.v. over 2 h will have "therapeutic"

CSF ara-C levels. However, more prospective clinical data are
necessary to establish this.

Apart from determining whether ara-C and ara-U accumulate
in CSF following repeated HDAC infusions, we examined ara-
C pharmacokinetics in plasma and CSF following a 2-h infusion
of this drug at ara-C doses <3 g/nr. Neither ara-U or ara-C
accumulate in plasma following this treatment schedule. Our
end-dose plasma ara-C level of 54.7 Â±33.2 MMand our end-
dose plasma ara-U level of 353.8 Â±101.5 MMfollowing 3 g/nr
of ara-C given over 2 h seem appropriate based on end-dose
levels reported by other investigators giving ara-C over various
infusion times (4, 32, 28-30, 37). Similarly, our end-dose
plasma ara-C level of 43.4 Â±45.4 p\t following 2 g/nr of ara-
C given over 2 h is also appropriate based on other reports in
the literature (4, 28, 29). Our plasma and CSF ara-C and ara-
U levels following 750 mg/nr/dose of ara-C are new data.

We also determined blood ammonia and CSF glutamine
values with the hope that these deamination by-products might
correlate with plasma or CSF ara-C or ara-U levels and might
provide a simple means of indirectly assessing ara-C pharma
cokinetics in individual patients (25, 37). Our data suggest that
there is no prospective benefit in following these parameters in
patients receiving IDAC or HDAC. Likewise, there is no ob
vious predictive value to determining plasma or CSF ara-C or
ara-U levels with regard to neurotoxicity. Finally, the relation
ship between renal function and high-dose ara-C plasma and
CSF pharmacokinetics was not answered by this study since no
patient received HDAC during a period of renal insufficiency
(creatinine clearance, <60 ml/min).
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