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ABSTRACT

The pharmacokinetic values of 1-0-o-arabinofuranosylcytosine
(ara-C) in plasma and its active metabolite 1-0-D-arabinofurano-
sylcytosine 5'-triphosphate (ara-CTP) in circulating blast cells

were studied in 11 patients with acute leukemia. ara-C was
administered as a 2-h infusion (3 g/m2) followed in 12 to 24 h by

a continuous infusion for 4 days in 10 patients and for 7 days in
one. A steady-state concentration of ara-C in plasma (94 Â±32
UM) was reached by the end of the 2-h infusion. Its elimination

was Diphasic with an initial and terminal f./, of 0.44 Â±0.10 h and
2.8 Â±0.9 h, respectively. The accumulation of ara-CTP in leu-

kemic cells was linear and continued for up to 2 h after the bolus
infusion. ara-CTP elimination was monophasic with a median tv,
of 3.4 h (range, 1.25 to 18.9 h). The disposition of ara-C and 1-
,8-D-arabinofuranosyluracil during continuous infusion was linear
with dose rate over the dose range of 70 to 3000 mg/m2/day.

The area under the concentration versus time curve for ara-CTP

in leukemic cells was not related to the dose infused, but rather
appeared to be intrinsic to the cells of each individual. As a
general finding, the pharmacokinetic values of ara-CTP in circu
lating blasts were more heterogeneous than those of ara-C in

plasma. There were marked differences in the absolute concen
trations of ara-C in plasma and ara-CTP in leukemic cells at

different times after the bolus infusion and also during continuous
infusion. No correlation was evident between the determinants
of ara-C pharmacokinetic values and those of ara-CTP. Thus, it
is concluded that the pharmacokinetics of ara-C in plasma cannot
predict for the metabolism of ara-CTP in leukemic cells.

INTRODUCTION

ara-C3 is the major drug used in the treatment of patients with

acute myelogenous leukemia. Use of the standard dose ara-C
(70 to 200 mg/m2/day) in combination with an anthracycline has

resulted in remission rates of up to 80% (1). The therapeutic
efficacy of ara-C has also been demonstrated in the treatment
of acute lymphoblastic leukemia and non-Hodgkin's lymphoma

(2, 3). However, some patients have a more treatment-resistant

disease, and the frequency of resistance increases after relapse
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of the leukemia. In 1974 Momparler suggested a model for the
chemotherapy using a considerably higher dose of ara-C admin
istered in short infusions (4). Since then this strategy, known as
HiDAC, has been widely used and has proved to be an effective
therapy for acute leukemia in relapse that is refractory to treat
ment with the standard dose of ara-C (5-10). The pharmacoki
netic values of ara-C in plasma during treatment with HiDAC
have been studied extensively (7,11-17). It has been suggested
that the pharmacokinetic characteristics of ara-C in plasma

should be used to design HiDAC treatment schedules (12, 17)
and to explain treatment results after standard dose therapy (18,
19).

However, there is a striking heterogeneity in the mean ara-C-

ss in plasma during HiDAC infusion (20 to 2000 MM) and the
terminal rate of elimination (7, 11,14,16,17). Furthermore, ara-

C is an inactive prodrug that has to be phosphorylated in the
target cell to the active metabolite ara-CTP before any cytotoxic
effect can occur (20, 21 ). The importance of retention of ara-
CTP in the leukemic cells for the clinical therapeutic effect of ara-

C has been shown both during therapy (22, 23) and in vitro (24).
Consequently, if predictions about the therapeutic effect of ara-

C treatment are to be drawn from the plasma pharmacokinetics
of ara-C, there should be a well-defined relationship between

them. The present study was undertaken to investigate the
extent to which the plasma pharmacokinetics of ara-C could
predict for the cellular pharmacokinetics of ara-CTP.

MATERIALS AND METHODS

Materials. EDTA, HCIO4,and NH4H2POÂ«were purchasedfromFisher
ScientificCo. (Fair Lawn, NJ).ara-CTPwas obtained from SigmaChem
ical Co. (St. Louis, MO). Tetrahydrouridine was generously provided by
Dr. V. L. Narayanan, Drug Synthesis and Chemistry Branch, National
Cancer Institute.

Patients. A total of 11 patientswere studied.Eighthad diseasein
relapse:5 with acute myelogenousleukemia;2 with acute lymphoblastic
leukemia; and one with leukemic lymphoma. Two patients had chronic
myelogenous leukemia in blast crisis. One patient with acute myeloge
nous leukemia was receiving initial remission induction therapy. All pa
tients had normal liver and renal function. Also, all had given their written
consent.

Drug Administration.Withthe exceptionof the previouslyuntreated
patient, all patients received two bolus infusions of HiDAC (3 g/m2) at
12-h intervals over 2 h. Only the pharmacokineticparameters measured
after the initialinfusionare consideredin this report. A continuous infusion
of ara-C extending for 96 h was begun 12 h after the second infusion.
The continuous infusion dose rate (330 to 3000 mg/m2/day)was individ
ualizeddependingon the AUCfor the intracellularara-CTPconcentration
achieved during the first bolus infusion (25). The previously untreated
patient receiveda single bolus infusionof ara-C (3 g/m2over 2 h).Twelve
h thereafter, a continuous infusion of ara-C (70 mg/m2/day)was begun
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and extended for 168 h. The latter treatment was accompanied by
administration of amsacrine, vincristine, and prednisolone, in accordance
with the acridinyl anisidide-OAP protocol (26).

Plasma Drug Monitoring. Ten ml of peripheral blood were drawn into
heparinized tubes containing 5 jirnol of tetrahydrouridine and then placed
immediately in an ice slurry. Samples were taken at 1, 2, 3, 4, 6, 8,10,
and 12 h after the start of the bolus infusion and twice daily during the
continuous infusion. The tubes were centrifuged for 5 min at 450 x g,
and the plasma was removed and stored at -20 Â°C.Plasma concentra

tions of ara-C were determined by radioimmunoassay according to Piali

ef al. (27). Duplicate determinations in dual dilutions were made in a
range of 2.0 to 20 nw, and the coefficient of variation of did not exceed
20% for any sample. Concentrations of ara-U in the plasma were deter
mined by reverse-phase high-pressure liquid chromatography as de

scribed by Breithaupt (28).
Cellular Drug Monitoring. Cell pellets obtained during isolation of

plasma samples were used for cellular drug monitoring. Throughout the
following procedure, samples were kept in ice slurries and centrifuged
at 4Â°C.After the plasma was removed, the blood cells were resuspended

in 35 ml of PBS. Leukemic cells were separated from erythrocytes and
granulocytes on Ficoll-Hypaque (density, 1.086 g/cm3) by centrifugation

for 20 min at 450 x g. Mononuclear cells, generally greater than 80% of
which were leukemic cells, were resuspended in PBS and enumerated
with a Model ZM Coulter Counter. The mean cell volume was determined
using a Model C-1000 Coulter Channelyzer. The cells were collected

after having been centrifuged for 5 min at 450 x g, and then the pellet
was resuspended in 0.5 ml of PBS. Next, 0.5 ml of 0.8 N HCIO4 was
added during vigorous mixing, and the suspension was centrifuged for
5 min at 450 x g. After removal of the supernatant, the sediment was
resuspended in 0.5 ml of 0.4 N HCI04 and centrifuged as before. The
supernatants were pooled, 57 to 60 ^\ of 10 N KOH containing 1.6 mw
K2HPO4 were added during rapid mixing, and, with the aid of wide-

spectrum indicator paper, the pH was adjusted to 7 using N KOH.
Samples remained stable for over a year when stored at -20 Â°C.

HCIO4 extracts equivalent to 2 x 107 cells (0.05 to 2.00 ml) were used

to separate ara-CTP from endogenous nucleotides by high-pressure
liquid chromatography on a Partisil-10 SAX anion-exchange column
(Whatman, Inc., Clifton, NJ) in a phosphate-buffered gradient system.

From an initial buffer composition of 65% Buffer A (0.005 M NH4H2PO4,
pH 2.8) and 35% Buffer B (0.750 M NH4H2P04, pH 3.5), a gradient was
run for 30 min, concluding with a composition of 100% Buffer B. This
followed Curve 9 on a Waters 720 system controller (Waters Associates,
Milford, MA). Base-line drift was minimized by purging the column with

30 ml of 2.0 M NH4H2PO4 run at a flow rate of 2 ml/min and followed by
treatment with 0.1 ml of 0.1 M EDTA each day before use. UV absorption
at 280 nm was measured by a Waters Model 481 spectrophotometer,
and the area under the peak corresponding to ara-CTP was integrated
by a Waters 730 data module. The amount of ara-CTP was determined
by external standard quantitation. The concentration of ara-CTP in
leukemic cells was calculated by dividing the amount of ara-CTP by the

number of cell equivalents analyzed plus the mean volume of cell H2O.
This calculation was based on the assumption that ara-CTP extracted

by HCIO4 is uniformaly distributed in cell H2O.
Pharmacokinetics. The AUCs for ara-C in plasma and for the accu

mulation of ara-CTP in leukemic cells were calculated according to the
trapezoid method. The AUC for the elimination of ara-CTP from leukemic

cells was calculated according to the method of least squares, as were
all rates of elimination (29). The total ara-CTP AUC in leukemic cells was

the sum of these calculations.
Statistical Methods. The assumed model for the plasma ara-C elimi

nation phase data was

ara-C = exp[/4, - B,(f - 2)] + exp[A2 - B^f - 2)]

where t is time in h after the start of infusion, and Ai, A2, B,, and 62 were
constant parameters to be estimated. The model for cellular ara-CTP

elimination phase data was

1000 n

0.01

0.003

Chart 1. Plasma pharmacokinetics of ara-C and the pharmacokinetics of ara-
CTP in circulating leukemic cells during and following a bolus infusion of ara-C (3
g/m2 infused over 2 h). Shaded areas represent one standard error. Graphs were
constructed by computerized fitting of data from 11 patients as described in
"Materials and Methods." O, plasmaara-C;â€¢;ara-CTPin circulating leukemiccells.

ara-CTP = exp[/A3 - B3(t - 3)]

It was assumed that the parameters changed from subject to subject.
The BMDP3R4 nonlinear least-squares regression analysis program

was used to fit the curves for each case and obtain 11 sets of the 6-

parameter estimates. Weighted nonlinear regression, with weights equal
to the reciprocals of the squares of the plasma levels, was used for the
plasma data, because sampling errors associated with the dilutions in
radioimmunoassays increase linearly with the plasma ara-C levels. In

obtaining the weights, levels were increased by unity before squaring,
since levels both above and below unity were observed. Overall esti
mates were determined by calculating arithmetic means. Variances and
covariances of the As and Bs were obtained by the usual formulas.

The overall estimates of the As and Bs were used to determine the
fitted elimination phase curves shown in Chart 1. For a specified time f,
the standard error of the fitted curve value was calculated as the square
root of

I, zfsf + 2?</z,Z;S,/

in which zÂ¡is the partial derivative of the model with respect to the /th
parameter (evaluated at time f and the estimated parameters), s? is the
sample variance for the /'th parameter estimate, and s,y is the sample

covariance between the /th and /th parameter estimates (30). The first
summation is over the number of parameters in the model. For example,
in the cellular ara-CTP model

z, = exp[A3 - B3 (f - 3)], Z2 = -(f - 3) exp[/H3 - 83 (f - 3)]

The bands displayed in Chart 1 represent the fitted values increased
and decreased by one standard error. When the lower bound, so
calculated, fell below zero, no lower bound could be plotted on the
logarithmic scale.

Overall estimates of derived parameters, such as peak and trough
levels, and their standard errors were based on the fitted curves, and on
an evaluation of the above formulas at the appropriate times. Confidence

41981, Regents of University of California; June 1981 revision. Developed at
the Health Sciences Computing Facility, UCLA, sponsored by NIH Special Re
sources Grant RR-3.
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intervals for the correlation coefficients were calculated as described in
Snedecor and Cochran (31).

RESULTS

Plasma Pharmacokinetics. The ara-C-ss (94 Â±32 ^M) was

reached within the first 2 h of the bolus infusion (Chart 1). At the
end of the 2-h infusion, the concentration of ara-C in plasma

decreased in a biexponential fashion with an initial f./2of 0.44 Â±
0.10 h and a terminal f./2 of 2.8 Â± 0.9 h. The mean trough
concentration (12 h after the start of the bolus infusion) was 0.20
Â±0.13 MM-

During continuous infusion of ara-C, an ara-C-ss between 0.11
and 8.25 pM was reached. The ara-C-ss increased linearly [r =

0.88 (95% confidence interval, 0.56 to 0.97); P < 0.0005] with
an increasing dose rate of ara-C (Chart 2). Similarly, the ara-U-
ss increased in a linear fashion as the ara-C dose rate was raised
[r = 0.98 (95% confidence interval, 0.92 to 0.99); P < 0.0001].
The increase in the ara-U-ss nearly paralleled that of the ara-C-

ss (slopes were 0.84 and 0.96, respectively), but at approxi
mately 100-fold greater concentrations.

To compensate for pharmacokinetic differences between in
dividuals, the AUC of ara-C in plasma following the 3-g/m2 bolus

infusion was compared to the AUC of an equal dose administered
to the same patient by continuous infusion (Table 1). The average
of the ratios of AUCs after continuous infusion to AUCs after
bolus infusion was 0.97 Â±0.36; the median value for this ratio
was 0.92. Closer inspection of the data in Table 1 indicates that
this relationship existed throughout the range of continuous
infusion rates. This suggests that the disposition of ara-C is

similar over the range of dose rates, for the continuous infusion
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Chart 2. The correlation between logarithmic values of dose and steady-state

concentration of ara-C and ara-U during continuous infusion of ara-C. Doses of
ara-C ranged between 70 and 3000 mg/m2/day. O, ara-C; â€¢,ara-U.

Table 1
Comparison of the AUC of ara-C in plasma during bolus infusion (3 g/m2) to an

equal dose of ara-C during continuous infusion
Each patient received a bolus dose of 3 g/m2, which was infused over 2 h. The

AUC was determined as described in "Materials and Methods." Subsequently, ara-

C was administered by continuous infusion at the indicated dose rates for 96 h
(330 to 3000 g/m2/day) or for 168 h (70 mg/m2/day). The AUC of plasma ara-C
during continuous infusion was calculated by multiplying the ara-C-ss by the number
of hours required to infuse 3 g of ara-C per m2

Continuousinfusiondose

rate(mg/m2/24
h)7033050012501350180020503000300030003000AUCfriMContinuousinfusion1112892302401162802331987217594x

h)Bolusinfusion18731515217224021925625615016274Ratio

ofAUC
continuousinfusion
toAUC

bolusinfusion0.600.921.501.390.491.280.910.770.481.081.27

185 Â±77a 198 Â±67 0.97 Â±0.36

a Mean Â±SD.

rates of 70 mg/m2/24 h to 3000 mg/m2/24 h and for the HiDAC
bolus infusion rate of 3000 mg/m2/2 h.

Intracellular Pharmacokinetics. The concentration of ara-
CTP in leukemic cells did not reach a steady state during the 2-
h infusion (Chart 1). The accumulation of ara-CTP was linear

during the first 2 to 4 h with a median rate of 148 nmol per ml of
cell H2O per h (range, 32 to 366). After reaching a median peak
cellular concentration of 359 fiM (range, 127 to 1145), elimination
followed a one-compartment model with a median fv, of 3.4 h
(range, 1.25 to 18.9). The median trough concentration of ara-

CTP in circulating leukemic cells was 72 U.M(range, 1.6 to 435)
(Chart 1).

Comparison between Plasma and Cellular Pharmacokinet
ics. A number of pharmacokinetic determinants were compared
in order to evaluate the impact of the pharmacokinetics of ara-C
in plasma on the pharmacokinetics of ara-CTP in leukemic cells.
A summary of these comparisons for the 3-g/m2 bolus infusion

is presented in Table 2. Linear correlations were sought for the
ara-C-ss in plasma during bolus infusion as it relates to the rate
of accumulation of ara-CTP, to the cellular concentration of ara-

CTP at the end of the infusion, and to the peak concentration of
ara-CTP in leukemic cells. Comparisons were also made be
tween the terminal elimination rates, the trough concentrations,
and the AUC of ara-C in plasma and ara-CTP in leukemic cells.

No correlation coefficient exceeded 0.40 (Table 2), and the P
value was > 0.2 (not shown) for all the correlations. The upper
limit of the confidence interval was < 0.80 for all comparisons.
Attempts to establish logarithmic and rank correlations were
generally less successful than for the linear relationships.

Monitoring of ara-C in plasma and ara-CTP in leukemic cells
during continuous infusion indicated that steady-state levels of

the prodrug and its active metabolite had been achieved by 12
h (not shown). The ara-C-ss in plasma and the ara-CTP-ss in

circulating leukemic cells during continuous infusion showed an
inverse correlation [r = -0.75 (95% confidence interval, -0.94
to -0.23); P < 0.0005]. However, this correlation could be
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RELATIONSHIP OF ara-C AND ara-CTP PHARMACOKINETICS

explained by the fact that patients with the greatest intracellular
ara-CTP accumulation and retention after bolus infusion were
directed to receive a relatively low dose of ara-C by continuous

infusion. Those patients with a relatively poor capacity to accu
mulate and retain ara-CTP were directed to receive a higher
dose of ara-C (23). Correction was made for this difference by
comparing the AUC of ara-C and ara-CTP during continuous
infusion of an equal dose of ara-C (3 g/m2) (Chart 3). After

applying this correction factor, the apparent relationship between
ara-C and ara-CTP vanished [r = 0.45 (95% confidence interval,
-0.25 to 0.81); P > 0.10].

In general, a marked heterogeneity existed in the cellular
pharmacokinetics of ara-CTP when compared to the plasma
pharmacokinetics of ara-C. The coefficient of variation for mean
values of ara-CTP peak concentration, rate of accumulation,

Table 2
Relationship between determinants of plasma ara-C pharmacokinetics and the

cellular pharmacokinetics of ara-CTP
Each of 11 patients received a bolus infusion of ara-C (3 g/m2) over 2 h.

Pharmacokinetic analysis of ara-C in plasma and ara-CTP in leukemic cells was
conducted as described in "Materials and Methods." Correlations were sought

between the indicated determinants that characterize the pharmacokinetics of ara-
C in plasma and ara-CTP in circulating leukemic cells. The correlation coefficient,
r, between each pair of determinants is presented along with the 95% confidence
interval.

DeterminantsBolus

ara-C-ss vs. rate of accu
mulation ofara-CTPBolus

ara-C-ss vs. [ara-CTP]atthe

end ofinfusionBolus
ara-C-ss vs. peak[ara-CTP]Terminal

(v, of ara-C vs. ty, ofara-CTP0Trough

[ara-C] vs. trough[ara-CTP]AUC

for ara-C vs. AUC forara-CTPr0.160.050.360.140.380.4095%

confidence
interval

forr-0.49-+0.69-0.56-+0.63-0.32-+0.78-0.50-+0.68-0.28-+0.80-0.26-+0.80

Ten patients.
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Chart3. The correlation between AUC of ara-C in plasma and ara-CTP in
leukemic cells during continuous infusion. Ninety-five % confidence intervals for the
correlation coefficient were -0.23 to 0.81 .

Table 3
Variation of pharmacokinetic parameters for ara-C in the plasma and ara-CTP in

the circulating leukemic cells

The coefficient of variation of each parameter is presented for the average
values from 11 patients.

Coefficient ofvariationPharmacokineticdeterminantsBolus

infusionSteady-state
concentration

PeakconcentrationRate
ofaccumulationTrough

concentration
Initial (, ,
Terminalf*AUCara-C

inplasma0.340.57

0.23a
0.31"0.40ara-CTP

inleukemic

cells0.630.551.21

1.00s1.03

Continuous infusion
AUCC 0.42 1.15

a Ten patients.
0 tv, for ara-CTP in a one-compartment model.
c Determined on the AUC observed during infusion of a total of 3 g/mz.

Table 4
Comparison of the differences in the concentrations of ara-C in plasma

and of ara-CTP in leukemic cells after a bolus infusion and during continuous
infusion of ara-C

Results are expressed as median (range) of the ratios of the pharmacokinetic
determinants that were measured in 11 individuals.

Determinants Ratio
Peak concentration of ara-CTP in leu- 4.4 (1.3-10.6)"

kemic cells/ara-C-ss in plasma

Trough concentration of ara-CTP in 336 (10-2450)

leukemic cells/trough concentration
of ara-C in plasma

ara-CTP-ss in leukemic cells during 50 (5-254)
continuous infusion/ara-C-ss in

plasma during continuous infusion
a Numbers in parentheses, range.

trough concentration, elimination rate, bolus infusion AUC, and
continuous infusion AUC were at least 2-fold greater than cor
responding values for ara-C in plasma (Table 3). Similar differ

ences were seen between standard deviations after conversion
of the pharmacokinetic values to logarithmic scale to correct for
possible skewness in the configuration of the data (not shown).

The pharmacokinetic values of ara-C and ara-CTP were also

evaluated in terms of their absolute concentrations (Table 4).
After bolus infusion of ara-C (3 g/m2), cellular concentration of

ara-CTP at the median peak was 4.4-fold greater than ara-C-ss

concentration in plasma (Table 4). However, because of the rapid
rate of ara-C elimination, the trough concentration of ara-CTP in
leukemic cells was more than 300-fold greater than that of ara-
C in plasma 12 h after ara-C infusion. Finally, during continuous
infusion of ara-C, the median ratio of ara-CTP-ss to the ara-C-

ss was 50.

DISCUSSION

Plasma Pharmacokinetics of ara-C after Bolus Infusion. A
number of studies describing the pharmacokinetics of ara-C in

plasma after bolus infusion have been reported. In agreement
with other investigators (13, 17), our data demonstrated a linear
relationship between the dose of ara-C infused and the ara-C-ss
in plasma within the dose range of 70 to 3000 mg/m2/day (Chart
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2). In addition, a similar relationship existed for ara-U-ss. Fur
thermore there was little variation in the AUC of the plasma ara-
C between patients after bolus infusion of ara-C (Chart 1; Tables

1 and 3).
The elimination of ara-C from plasma followed a two-compart

ment model. The initial phase of elimination probably consisted
primarily of deamination of ara-C to its inactive metabolite ara-U
and metabolism to ara-CTP in tissues. The terminal phase may
be due to the relatively slow release of ara-C from cells and
tissues as ara-CTP was degraded. The narrow range of variation

(Chart 1; Table 3) illustrates the relatively small differences in
elimination rates among individuals. Although the sampling pro
cedures and methods of analysis would have been sufficient to
detect a prolonged f./2of ara-C in plasma, the terminal elimination
rate of ara-C was > 4 h in only one of the 11 patients studied.

These results do not confirm previous findings (12,16) of a more
prolonged terminal tv, of ara-C after bolus administration. The
trough concentration of ara-C in plasma is a function of the ara-
C-ss obtained during the infusion and the subsequent elimination

processes. Differences in these components gave rise to sub
stantially greater variations in the trough ara-C concentration
than in other aspects of ara-C pharmacokinetics (Chart 1; Table

3).
Cellular Pharmacokinetics of ara-CTP after Bolus Infusion.

In contrast to ara-C plasma pharmacokinetics, relatively little is
known about the pharmacokinetics of the active metabolite ara-
CTP in leukemia cells during therapy (32-36). ara-CTP accumu
lated at linear rates during the ara-C infusion and for up to 2 h

after the infusion ended (Chart 1). Detailed studies to be pre
sented elsewhere indicated that the anabolic pathway that allows
for the conversion of ara-C to ara-CTP is saturated at plasma
ara-C concentrations that are considerably lower than those
achieved during bolus infusion (37). The elimination of ara-CTP
from leukemic cells followed a one-compartment model (Chart

1). The mechanism(s) responsible for the cellular degradation of
ara-CTP has not yet been identified. However, there was sub
stantially greater heterogeneity in the rates of ara-CTP elimina

tion and the resulting trough concentrations among individuals
than for similar parameters relating to ara-C (Chart 1; Table 3).
A determination of the cellular pharmacokinetics of ara-CTP

accumulation and retention in the circulating leukemic cells from
more than 100 patients with the leukemia subsets represented
in the present study indicated that similar heterogeneity of these
parameters is present in each disease category.5 The ability of
cells to retain ara-CTP in vitro has been correlated with the

duration of complete remission (24). Although it was beyond the
scope of the present investigation, preliminary reports indicated
that ara-CTP retention by circulating blasts during therapy with

HiDAC may have prognostic significance for remission induction
in relapsed acute leukemia (22, 23).

Relationship between Plasma ara-C and Cellular ara-CTP

Pharmacokinetics after Bolus Infusion. A major objective of
this study was to seek correlations between pharmacokinetic
characteristics of ara-C in plasma and ara-CTP in circulating
leukemic cells. However, there was no indication of a steady-

state relationship between these parameters either during or
after bolus infusion of ara-C. Rather, substantial differences were
found between the absolute concentrations of ara-C in plasma

5W. Plunkett. M. J. Keating, unpublished data.

and ara-CTP in leukemic cells (Table 4). The maximum concen
tration of ara-C was generally observed at the end of the infusion,
whereas the maximum concentration of ara-CTP occurred up to
2 h later. In addition, it is most likely that the elimination of each
compound is independent of that of the other (Chart 1; Table 3),
since there is a lack of correlation in the elimination rates between
the prodrug in plasma and the cellular metabolite. Considering
also that the elimination of ara-CTP is best described by a one-
compartment model, these data suggest that the proposed "self-
potentiation" of ara-C by its deamination product ara-U (12) could

have had little impact on the cellular pharmacokinetics of ara-
CTP during the time interval studied. Indeed, the plasma ara-U
concentration approached only one-tenth of its KÂ¡value for

cytidine deaminase (12) during the greatest continuous infusion
doses (Chart 2) and rarely exceeded these values after bolus
infusion (not shown). Therefore, it is improbable that a predictable
relationship exists between the pharmacokinetics of ara-C in
plasma and ara-CTP in circulating leukemic cells in individual

patients.
The AUC of ara-C in plasma after bolus infusion represents

the total exposure of circulating leukemic cells to this drug.
Because of the rapid initial elimination of ara-C after the infusion,
approximately 65% of the cellular exposure to ara-C occurred

during the infusion, whereas the elimination phase contributed
only a minor portion. Similarly, the AUC of ara-CTP in leukemic

cells represents the intracellular exposure of target cells to the
toxic metabolite. However, in contrast to ara-C, the accumulation
of ara-CTP continued after the ara-C infusion. Without exception,

in excess of 70% of the intracellular exposure occurred during
the elimination phase for ara-CTP. Therefore, the value of the
AUC for ara-CTP in leukemic cells after bolus infusion primarily
depends upon the rate of ara-CTP elimination. As demonstrated

in Table 2, the differences in factors that determine the AUC for
ara-C in plasma and that of ara-CTP in leukemic cells make it

unlikely that close correlations exist between the respective AUC
values.

Plasma and Cellular Pharmacokinetics during Continuous
Infusion. Steady-state concentrations of ara-C in plasma and
ara-CTP in ciruclating leukemic cells were attained during contin

uous infusion. However, the ratio of the concentrations varied
widely in the patients studied (Table 4). After bolus infusion,
there was substantially greater variability observed in the AUC
of ara-CTP than in the AUC of ara-C (Table 3). Nevertheless, the
similarity of the AUC of ara-C after bolus infusion and that after

continuous infusion of an identical dose (Table 1) indicates that
the disposition of ara-C was uniform within the range of dose
rates of 3 mg/mz/h and 1500 mg/m2/h. The strong linear corre

lation between infusion rate and the steady-state plasma con
centration of ara-U during continuous infusion (Chart 2) provides

additional evidence (14, 17) that the deamination mechanism of
ara-C was not saturated at even the highest dose rate. The
maximum plasma concentration of ara-C achieved during contin
uous infusion was less than 10 /Â¿M(Chart 2), whereas the 2-h
infusion achieved a median value of 94 UM (Chart 1). The fact
that the Km value of cytidine deaminase is approximately 90 to
160 fiM (38, 39) supports this interpretation.

Thus, the plasma concentration of ara-C achieved during either

bolus administration or continuous infusion bears little relation
ship to the cellular pharmacokinetics of ara-CTP in circulating
leukemic cells. It seems unlikely that a knowledge of the phar-
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macokinetics of ara-C in plasma will be as useful a prognostic

indicator of patient response as will an understanding of the
metabolism of ara-CTP by leukemic cells. Determination of the
concentration of ara-CTP in leukemic cells may help to explain

the heterogeneity in clinical response among individuals (22, 23).
Furthermore, it may be anticipated that a knowledge of the
cellular pharmacokinetics of ara-CTP will provide a rational basis

for the construction of future therapeutic regimens designed to
individualize the treatment of leukemia. Such investigations are
currently in progress (25, 40, 41).
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