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ABSTRACT

The pharmacodynamic parameters of l-/?-r>arabinofuranosylcytosine
(ara-C) in patient plasma and its active anabolite 1-0-D-arabinofurano-
sylcytosine-5-triphosphate (ara-CTP) in circulating and bone marrow
blast cells were studied in 20 pediatrie patients with acute leukemia, ara-
C (3 u/in") was administered as a short-term infusion over 3 h every 12

h for a total of eight doses. The peak plasma concentration of ara-C
ranged from 0.02 to 5.6 MMafter the first dose of ara-C. The area under
the concentration-time curve (AUC) of ara-C in plasma ranged from 302
to 20,298 Â«tMhafter the first dose of ara-C. The half-life of elimination
i' ..i of ara-C from plasma was 2.4 Â±1.5 h in three patients with acute
nonlymphoblastic leukemia (ANLL) and 4.78 Â±4.1 h in 9 patients with
acute lymphoblastic leukemia (ALL). The intracellular peak concentra
tion of ara-CTP in circulating blast cells averaged 432.2 Â±14.5 Â«Mand
544.3 Â±330 U.Min patients with ANLL and ALL, respectively. The
elimination kinetics of ara-CTP was monoexponential with a t^,,i of 3JO
Â±0.8 h and 6.9 Â±2.8 h in patients with ANLL and ALL. DNA synthetic
capacity (DSC) of the blast cells was inhibited to between 24 and 64%
of control after the first dose of ara-C and it declined further to between
1 and 32% after four doses of ara-C. The AUC of ara-CTP in leukemic
cells ranged from 1,073 to 14,751 /iMh and it was not related to the AUC
of ara-C in plasma. The pharmacodynamic parameters of ara-CTP in
circulating blast cells were more homogeneous in patients with ANLL
than in patients with ALL. Four of six patients (67%) with ANLL and
six of 14 patients (43%) with ALL achieved either complete remission
or partial remission with high dose ara-C. We conclude that treatment
of pediatrie patients with leukemia in relapse with high dose ara-C is
tolerable and moderately successful. Inhibition of DSC is positively
correlated with the probability of having zero nadir peripheral blast cells.
In turn there is a trend for a zero nadir peripheral blast cell count to be
related to achievement of a response to therapy. This latter result is
consistent with the results of larger studies in adults with leukemia.

INTRODUCTION

ara-C3 is a pyrimidine analogue with antitumor activity

against animal leukemia models and acute leukemias in humans
( 1-5). The activity of this drug is specific for the 5-phase of the
cell cycle and is dependent on the phosphorylation of the
prodrug, ara-C, to the active metabolite ara-CTP in three steps
within the cell. Deamination of ara-C, both in the plasma and
in the cell by cytidine deaminase produces uracil arabinoside
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(ara-U), an apparently inactive metabolite (6, 7). The phospho
rylation of ara-C to ara-CMP by dCk is the limiting step in the
anabolism of ara-C to ara-CTP (8-10). The active metabolite,
ara-CTP, is an inhibitor of DNA polymerase a (DNA poi a)
and is incorporated into DNA (11-14). Studies on the accu
mulation and retention of ara-CTP in the cells indicate that the
intracellular concentration and the duration of its retention are
important determinants of its therapeutic activity (4, 5, 15-17).
In vitro incubations of human leukemic cells from bone marrow
and peripheral blood from four adult patients with either ALL
or ANLL with [3H]ara-C indicated strong correlations between
the cellular concentrations and retention of [3H]ara-CTP and

the clinical response (5, 18). No such information is available
regarding these pharmacological parameters in pediatrie pa
tients with leukemia.

The development of tumor resistance to ara-C has been
postulated to be primarily due to high levels of cytidine deam
inase in plasma and low levels of dCk in the leukemic cells (19-
22). The naturally occurring frequency of resistance to chemo-
therapeutic drugs of leukemic cells is about one in I x 10" cells

(19, 23). In a patient with acute leukemia, there are about 1 x
IO9 to 1 x IO12leukemia cells at diagnosis (24). If the in vivo

frequency of natural resistance is the same as in vitro, a signif
icant number of the cell population at diagnosis could be
resistant to ara-C. Patients who have received ara-C as a com
ponent of a chemotherapy regimen may have a higher than 10~6

frequency of the probability of having some resistant cells
because of the selective pressure of the treatment with ara-C,
especially in patients who have relapsed or have not responded
to HD-ara-C. Therefore, it is important to study the accumu
lation and retention of ara-CTP after treatment with HD-ara-
C in the leukemic cells of pediatrie patients to determine a
possible correlation between the pharmacological behavior of
ara-C and clinical response.

MATERIALS AND METHODS

Patients. During a period of 18 months, 20 children with acute
leukemia in relapse resistant to conventional therapy were treated with
HD-ara-C. Fourteen patients had ALL and six had ANLL. Twelve of
the 20 patients, nine with ALL and three with ANLL, had both
pharmacokinetic and pharmacodynamic studies obtained after proper
informed consent. Eight patients had no peripheral blasts so that no
pharmacokinetic studies can be performed. All patients had multiple
prior BM relapses. The age of the patients at entry on the study ranged
from 18 months to 19 years (median, 3 years); there were 16 males and
four females. All of the patients previously had received chemotherapy
and 16 of 20 patients had received cranial irradiation. Sixteen of 20
patients had been treated previously with conventional doses of ara-C.
All patients were in BM relapse at entry onto the study. One patient
had testicular leukemia and two had CNS relapse. All patients were
hospitalized and all had a central venous catheter implanted through
which i.v. fluids were infused and blood samples were obtained. Four
teen patients received eight doses of ara-C 3 g/m2 infused over 3 h
every 12 h; at the end of the eighth dose of ara-C, 6000 IU/m2 of
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ASNase were administered. Two patients received only four doses of
ara-C every 12 h plus ASNase, due to severe neutropenia and fever.
Four patients received four doses of ara-C 3 g/m2 every 12 h followed

by ASNase. The regimen was repeated on day 8; the patients received
total eight doses of ara-C and two doses of ASNase.

The criterion for CR consisted of complete disappearance of periph
eral blasts and a decrease in the blasts in bone marrow specimens
obtained 28 days after HD-ara-C to 0-5% total marrow cells accom
panied by return of normal hematopoetic elements; partial remission
was defined as complete disappearance of peripheral blasts accom
panied by a reduction of blasts in bone marrow specimens to 5-25% of
total marrow cells present. All patients were followed as a minimum
through day 28. Patients were excluded from evaluation because of
early death if they expired by day 28. The responders (both ALL and
ANLL) were treated with high dose ara-C maintenance therapy con
sisting of 3 g/m2 ara-C every 12 h for three doses followed by one dose

of ASNase. This therapy was repeated every 4 to 6 weeks if the
neutrophil count was > 1500/mm3, until relapse occurred (end of time

of response). The nonresponding and relapsed patients were entered on
a variety of alternative protocols.

Statistical Analysis. Patient characteristics analyzed included: type
of disease (ALL versus ANLL); schedule of treatment; DSC; peak,
trough, area under the curve and tv,of intracellular ara-CTP concentra
tions; and the tv, and area under the curve of plasma of ara-C. Three
measures of cellular response were analyzed for their relationship to
these clinical characteristics: PBC (tv,.a), log PBC decrease by the
treatment, and nadir PBC during treatment.

The actual values PBC tv,.t\and log PBC decrease were considered in
the analysis. The utility of patient characteristics in predicting these
response measures was assured by best subsets regression analysis using
the Cp statistic as the selection criterion (25).

Nadir PBC was considered as two categories: no peripheral blast cell
or at least one peripheral blast cell. The probability of having no
peripheral blast cells during treatment with HD-ara-C was related to
the above mentioned measures of ara-C pharmacokinetics by means of
logistic regression (26). Factors significant at the 0.05 level were con
sidered important for the prediction of having nadir PBC.

Clinical response was defined as either complete or partial response.
The probability of becoming a responder was related to the type of
disease (ALL versus ANLL), schedule of treatment, nadir PBC and
various measures of ara-C pharmacokinetics by means of forward
stepwise logistic regression (26). All analyses were conducted on a VAX
11/780 computer. RS-1 and BMDP software was used to accomplish
the statistical analyses.

Materials. Cytosine arabinoside (ara-C) was purchased from The
Upjohn Co., Kalamazoo, MI. Radioactive thymidine (\methyl-3H]-

dThd) was purchased from Moravek Biochemicals, Inc., Brea, CA.
Ficoll-Hypaque with specific density 1.083 g/ml (HISTOPAQUE
1083) was purchased from Sigma Chemical Co., St. Louis, MO. All
other chemicals for extractions and HPLC assays were reagent or
HPLC grade.

Isolation of Human Lymphoblasts and Determination of DNA Syn
thesis. Peripheral blood samples (5 ml) were obtained from the patients'

central venous catheter prior to and during the first four doses of the
treatment with ara-C with a syringe containing preservative-free hepa-
rin. HD-ara-C was administered through a double lumen central venous
catheter. The first 3 to 5 ml of blood was discarded. The peripheral
blood samples were drawn in 11II containing (10 Â¿IM)heparinized test
tubes and placed in an ice-bath to reduce deamination of ara-C, by
inhibiting cytidine deaminase, and transported to the laboratory. Bone
marrow specimens were obtained by posterior iliac crest aspiration,
placed in heparinized test tubes, and placed in an ice-bath and trans
ported to the laboratory. The blood samples were centrifuged at 2000
rpm for 10 min in a refrigerated clinical centrifuge (IEC CENTRA 7-
R; Needham Hts., MA). The plasma was removed and stored at -20Â°C

until analyzed by reverse-phase HPLC as described below.
The cell fraction was diluted with 30 ml of sterile PBS (Irvine

Scientific, Santa Ana, CA), layered over 10 ml of HISTOPAQUE 1083,
and centrifuged at 1200 rpm for 25 min in the refrigerated clinical
centrifuge at 4Â°C.The isopycnic cells that were isolated at the interphase

of solutions were removed with a sterile Pasteur pipet and washed with
PBS. The number of cells and average volume were determined using
a Coulter Counter model ZBI and Channelyzer (Coulter Electronics,
Inc. Hialeah, FL).

In order to determine DNA synthetic rate, duplicate samples of 1 x
ID cells were placed in sterile test tubes and incubated with 5 /i( 'i
[3H]dThd in RPM1 1640 + 10% fetal calf serum for 30 min at 37Â°C.

At the end of the incubation, the cells were washed and extracted with
0.4 N PCA; the acid insoluble fraction of the cells was washed again,
transferred into a scintillation vial, and counted in a scintillation
counter for [3H]DNA radioactivity. The results were calculated as

percentage of pretreatment values for each patient. The remaining
lymphoblasts were extracted twice with 0.4 N PCA (15). The acid-
soluble extracts were combined, chilled to (I < in an ice bath, and
neutralized with 10 N KOH. The formed KCLO4 was removed by
centrifugation. The supernatant was brought to 2 ml with PBS and was
either assayed immediately by HPLC strong aniÃ³n exchange column
(SAX-10) or stored at -20Â°C until analyzed by HPLC as described

below.
HPLC Determination of Nucleotides and ara-CTP in Cellular Acid

Extracts. The ara-CTP was separated from other nucleotides by a
modified HPLC procedure and quantitated by UV absorbance as de
scribed previously (15). The Chromatograph (Waters Associates, Mil-
ford, MA) consisted of two model 510 pumps: a U6K injector, a X-
Max model 481 UV spectrophotometer (0.001 AU full scale), a model
730 recorder-integrator, and a model 720 system controller. The sam
ples were separated by a strong aniÃ³n exchange column (SAX-10;
Custom L. C., Inc., Houston, TX) with ammonium phosphate buffers
0.005 and 0.750 M, pH 2.80 and 3.50, respectively, by using the gradient
elution curve number 9 on a Waters 720 system over 30 min from 35
to 100% pump B at a flow rate of 2 ml/min. The limit of detection of
ara-CTP was at the pmole range per 1 x IO7cells. The amount of ara-

CTP was calculated on a Waters 730 data module by the method of
external standard quantitation.

HPLC Determination of Nucleosides of ara-C and ara-U in Plasma.
The nucleoside analogues ara-C and ara-U were assayed by HPLC on
a reverse-phase Â¿tBondapakCIS column (Waters Associates, Milford,
MA) by isocratic elution of 5% methanol in ammonium acetate 0.5 M,
pH 6.50, at a flow rate of 0.6 ml/min. The UV detector was set at 280
nm at 0.02 angstrom unit scale.

RESULTS

Pharmacodynamic Studies. Pharmacodynamic studies were
performed during the first four doses of HD-ara-C treatment
on peripheral blasts in eight of the 14 patients with ALL and
three of six patients with ANLL, all of whom had a high
peripheral blast count. The time points were pretherapy 3, 5,
8, 12, 24, 36, and 48 h posttherapy. The 12-, 24-, 36-, and 48-
h samples were the trough levels. Studies in BM blasts were
performed in nine of the 20 patients. Both peripheral and BM
blasts were studied in four of 20 patients (Table 1).

The peak plasma concentrations of ara-C ranged from 0.02
to 5.6 mM after the first dose of ara-C. The terminal half-life
(fw.ei) of ara-C ranged from 1.0 to 4.0 h, with an average i./,,c,
of 2.4 and a standard deviation of 1.5 h (N = 3) in the ANLL,
and 4.78 Â±4.10 (N = 9) in the ALL patients (Table 1). Ara-U
plasma concentrations were two to 12 limes higher than ara-C
and the f./,,eiranged from 4-5 h.

The formation and retention of ara-CTP concentrations by
circulating and bone marrow blasts in a representative patient
with ALL during and after the 3-h infusions of multiple doses
of ara-CTP are shown in Fig. 1. Cellular ara-CTP concentra
tions in the peripheral blast cells from patients with ANLL
were similar. The average peak cellular concentration of ara-
CTP in these ANLL patients was 432.2 Â±14.5 UM and the
average half-life of elimination of ara-CTP was 3.30 Â±0.8 h
(Fig. 2). In contrast, considerable heterogeneity was seen in
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Table 1 Pharmacokinetic and pharmacodynamic parameters ofara-C in pediatrie patients with leukemia

Patient1.2.3.4.5.6.7.8.9.10.11.12.13.14.15.16.17.18.19.20.S.

K.A.
P.K.J.M.

H.J.
M.J.
R.J.C.S.C.P.

M.S.S.S.

B.M.
E.B.
E.R.
G.S.
H.S.S.M.

D.H.
R.D.
J.J.

M.Patient1.

S.K.2.
A.P.3.

K.J.4.
M.H.5.
J.M.6.
J.R.7.
J.C.8.
S.C.9.
P.M.10.
S.S.11.
S.B.12.
M.E.13.
B.E.14.
R.G.15.
S.H.16.
S.S.17.
M.D.18.
H.R.19.

D.J.20.
J. M.TypeANNLANNLANNLANNLANNLANNLALLALLALLALLALLALLALLALLALLALLALLALLALLALLSchedule"88888844444888888884PL

T**2.24.01.02.78.13.01.32.114.44.14.52.9PK

ara-CTP*425.1420.8477.8258.5483.7405.31,164.0216.4438.1459.7928.6PLAUC'7,00526,29813,4833,8451,95720027019,7854,5435,1543,730302TÂ»2.73.04.23.92.96.88.09.410.84.98.2AUC
nil*2,3722,2482,3631,0732,5091,76114,7512,8386,6792,65812,907TR12h'TR24I/36.158.9117.050.262.1162.9493.492.5208.3120.5507.794.080.393.51,144.5'465.y92.8'112.135.2180.61,009.851.

V206.1178.5170.1885.42.0'148.4;44.0*417.0'465.3'TR

36 h* TR 48 h* DSC 24h'164.888.4137.925.4181.6223.6765.8207.883.8174.847.0354.0143.5820.415.310.289.724.342.210.722.940.913.018.714.15.2Duration

ofPBC
TV8.58.16.112.615.711.28.17.87.1Response"11311333313333123211LogPBCkill"3.64.33.95.04.14.54.64.94.44.34.03.43.11.3NadirPBC*006000048000000000000response*67052012690150202911823175018283350

Â«4= 4 + 4 doses; 8 = 8 doses.
* Peak concentration of ara-CTP in PBC (MM).
' Half-life of cellular ara-CTP in PBC (h).
d Area under the concentration-time curve from 0 to
' Trough ara-CTP concentration at 12 h (MM).
â€¢^Troughara-CTP concentration at 24 h (MM).
* Trough ara-CTP concentration at 36 h (MM).
* Trough ara-CTP concentration at 48 h (MM).
' DNA synthetic capacity at 24 h (% of control).
' ara-CTP concentration in BM blast cells.
* Half-life of ara-C in plasma (h).
' Area under the plasma concentration HD-ara-
" Half-life of PBC from blood (h).
" CR = 1, partial remission = 2, no remission = 3.
" Log peripheral blast cells killed.
r Nadir peripheral blast cells.
* Duration of response, days.

these levels in the patients with ALL. The peak cellular concen
trations of ara-CTP varied from 216 to 1104 UM, the mean Â±
SD was 544.3 Â±330 #Â¿Mamong patients with ALL; the half-
life of elimination of ara-CTP varied from 2.7 to 10.8 h with a
mean Â±SD of 6.9 Â±2.8 h (Fig. 3 and Table 1). All pharmaco-
kinetic parameters were estimated after the data were fitted in
a one-component open model.

The trough ara-CTP concentrations in peripheral blasts at
24 h, 12 h after the second dose of ara-C, ranged from 35 to
1009 fiM in the patients with ALL and 80 to 465.3 MMin the
patients with ANLL.

BM samples were obtained from patients prior to (control)
and after treatment with HD-ara-C. The cellular ara-CTP con
centrations accumulated in the BM blast cells ranged from 2.0
to 1144 Â¡IM(Table 1). In three patients with ALL and one

patient with ANLL, ara-CTP concentrations were determined
in both peripheral blast and BM cells at 24 h post HD-ara-C.
One patient had approximately the same concentration of ara-

CTP in BM and peripheral blasts (38 ^M) (ALL, no response);
the second patient had a much lower (10 versus 178.5 ^M)
concentration in the BM blasts (ALL, no response); the third
patient with ALL had very high concentrations of ara-CTP in
both BM and peripheral blasts (=\ HIM)and achieved a CR. A
patient with ANLL had 6.4-fold higher ara-CTP concentration

in BM blasts (1144.5 Â¿Â¿M)in comparison with the circulating
blasts and he also achieved a CR.

The exposure of tumor cells to ara-CTP, expressed as AUC

for the first 12 h, varied very little in the patients with ANLL
averaging 2327.7 Â±69.1 nMh (N = 3 Â±SD). In the ALL
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Fig. 1. Kinetics of cellular concentrations of ara-CTP in circulating and bone
marrow blast cells from a patient with ALL after four doses of HD-ara-C
administration (3 g/m2 infused over 3 h and every 12 h; solid bars along abscissa).
The graph is the best-fit line for a one-compartment open model. Dashed line,
predicted increase and elimination of ara-CTP concentrations; â€¢,determined
trough concentrations of ara-CTP; hatched bar, trough concentration of ara-CTP
at 24 h.
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Fig. 2. Kinetics of cellular concentrations of ara-CTP in circulating blast cells
from three patients with ANLL after the first dose of HD-ara-C, 3 g/m2 infused
over 3 h. Ara-CTP concentrations were determined as described in "Materials
and Methods."

patients the AUC varied greatly averaging 5647.0 Â±5336.5
MMh(N = 9 Â±SD).

Inhibition of DNA Synthetic Capacity (DSC) of Blast Cells.
DNA synthesis of the blasts declined rapidly after the first
infusion of ara-C and reached a nadir at 0 to 5 h after the end
of infusion, as cellular ara-CTP concentrations peaked; the
DSC values ranged from 24 to 64% of their respective controls.
The DSC values after four doses of ara-C ranged from 1 to
32% at 48 h. Representative data of two patients who achieved
CR and no remission, respectively, are shown in Fig. 4.

In a patient with ANLL in whom the BM blasts accumulated
6.4-fold higher ara-CTP concentrations in the BM than the
peripheral blasts, the DSC values were 11.5% in PBC and
24.3% in BM blasts of their respective controls. The concentra
tions of ara-C in plasma and in the BM aspirate were 350 and
438 pM, respectively. In the same samples ara-U concentrations
were 880 and 919 MM.

Disappearance of Peripheral Blast Cells (PBC) from Blood.
When the number of lymphoblasts isolated from the Ficoll-
Hypaque centrifugation from patients was plotted over time
(48 h), a remarkable linearity was observed (R2 > 0.98, Fig. 5).

In three patients with ANLL, the disappearance rate constant
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Fig. 3. Kinetics of cellular concentrations of ara-CTP in circulating blast cells
from nine patients with ALL after the first dose of HD-ara-C, 3 g/m2 infused
over 3 h. Ara-CTP concentrations were determined as described in "Materials
and Methods."
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Fig. 4. DNA synthetic capacity of circulating blast cells from two patients
after the first dose of HD-ara-C. The blast cells were isolated from blood before
and after infusion of ara-C. The DNA synthetic capacity was determined in
aliquots iillxld' blast cells as described in "Materials and Methods." â€¢,values

from a patient who achieved a complete remission after HD-ara-C treatment; O,
values from a patient who did not respond to HD-ara-C.

was very similar; the /....,.:ranged from 6.1 to 8.5 h with an
average of 7.6 Â±1.28 h, N= 3 Â±SD). In six patients with ALL
the tv,.ctranged from 7.1 to 15.7 h with an average value of 10.4
Â±3.3 h (N = 6 Â±SD).

Relationship of Clinical Response to Pharmacodynamics. Cel
lular response as measured by PBC i.A.ei:log PBC decrease and
nadir PBC were significantly related to some measures of ara-

C pharmacodynamics and disease profile in this patient group
(Table 2). Inhibition of DSC was related to both PBC tv>.eiand
the chance of obtaining zero nadir peripheral blast cells. Param
eters not significantly related to these cellular response criteria
were: AUC and trough concentrations of intracellular ara-CTP
and the tv, and AUC of plasma ara-C.

The relationship between response as measured by clinical
remission and the various parameters of pharmacodynamics
and disease profile is given in Table 3. Only zero nadir PBC
was related to the chance of obtaining a complete remission (/'

= 0.09). There was a trend for inhibition of DSC at 24 h (P =
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Fig. 5. Kinetics of the circulating blast cells number per ml of blood after four
doses of HD-ara-C. Solid lines, half-lives of elimination of 12 and IS h; dashed
lines, give half-lives of elimination of 6-8 h. The later three patients achieved
complete remission after HD-ara-C.

Table 2 Relationship of cellular response to various measures ofara-C
pharmacodynamics and disease profile

ResponsemeasurePBC/Â»,Â«,Log

PBCdecreaseProbability
ofhaving0

nadir PBCConcommitant

variablePatient

hadANLL4-1-4
doseschedulePeak

nilr.Kcllnl.ilara-CTP
con

centrationDSC
at 24htv,

ara-CTPDSC
at 24 hDirection

of associa
tion"1111T1P Value*0.08<0.0010.0020.0120.0230.001

" Arrows, direction of change in the concommitant variable required to result

in an increase in the response variable. For example, line 5 of the table indicates
that an increase in / ara-CTP results in a greater log PBC decrease. Line 6
indicates a decrease in DSC is related to an increased probability of 0 nadir PBC.

* Two-sided significance level.

Table 3 Relationship of various pfiarmacodynamic parameters and disease
profile to the probability of clinical response

Variable Risk factor" P Value*

0 Nadir PBC
PBC /*.â€ž
Patient with ANLL
4 + 4 schedule
DSC 24 h

1.13Â°
1.04'

0.25
0.16
1.40e

0.09
0.88
0.58
0.29
0.2324 h 1.401 0.23

" That is, the risk of not obtaining a response predicted by this variable.
* Two sided P value.
' Multiplicative increase in relative risk per unit increase in variable.

0.23). The other parameters measured where not related to
clinical remission.

Response to HD-ara-C. Of the 14 patients with ALL, four
achieved complete remissions and two others achieved a partial
remission. In all cases, the duration of response was less than
3 months. Three other patients had an antileukemic effect with
clearing of peripheral blasts for 8 to 30 days (Table 1). One
patient died 8 days after completion of therapy due to progres
sion of leukemia.

Of six Ã©valuablepatients with ANLL, four achieved complete
remissions, and two did not respond to HD-ara-C therapy. The
bone marrow remissions lasted for 5 weeks to 24+ months.
HD-ara-C was continued as maintenance therapy (3 g/m2 every

12 h for three doses every 6 weeks) in these patients for a

maximum of 24 months. The two patients with ANLL who
had active CNS leukemia at study entry achieved a complete
CNS remission.

Toxicity of HD-ara-C. The most significant toxicity of the
HD-ara-C-ASNase regimen was hematological with all patients
reaching a nadir of the absolute neutrophil count of less than
50/mm3. The myelosuppression was tolerable and manageable

with no deaths due to infection or hemorrhage noted. For
patients who achieved a remission, the time to recovery of AGC
> 500 and platelet count > 100,000 lasted up to 4 weeks with
a median of 3 weeks for the neutrophil count and up to 3 weeks
for the platelet count. Septicemia was documented in three
patients with ALL and none with ANLL. Other toxicities of
lesser clinical significance included nausea and vomiting in five
patients and transaminase elevation in two patients. No CNS
toxicity was seen in the 20 patients studied.

DISCUSSION

A number of pharmacokinetic studies of ara-C in patient
plasma after short term infusion have been reported (4, 5, 15-
17). The elimination kinetics ofara-C concentration from pa
tient plasma obeys a two-compartment open model. It has been
suggested that the deamination of ara-C to ara-U is primarily
responsible for the initial phase of elimination of ara-C in
plasma (17).

The small number of samples in our study allowed only
estimation of the parameters of the terminal elimination phase
ofara-C. The half-life ofara-C in patients with ANLL and ALL
averaged 2.4 and 3.6 h, respectively. This is in agreement with
the values reported by other investigators (16, 17). There is
however, considerable variation of the f./,of elimination of ara-
C in patients with ALL, with a range of 1.3 to 14.4 h.

The AUC of plasma ara-C concentrations was primarily a
function of the plasma peak concentrations. It appears that
pediatrie patients accumulate much higher ara-C concentra
tions in plasma when compared with adults. In infants up to 2
years old, ara-C concentrations in plasma were much higher
than in other patients (patients 2, 3, and 12, Table 1). In patients
age 2-10 years of age ara-C and ara-U concentrations were
similar suggesting that the deamination capacity of ara-C may
be limited in the age group of up to 10 years old. Patients 10
years and older accumulated more ara-U than ara-C with overall
lower ara-C concentrations than the younger ones. This varia
tion may be responsible for the variability in the AUC of ara-C
values in plasma (Table 1). Ara-U is the major catabolite of
ara-C in plasma, especially in patients >10 years of age. Ara-U
follows monoexponential elimination kinetics with a half-life
approximately double that of ara-C. In addition to age, the
apparent heterogeneity of the plasma pharmacology of ara-C
may also be related to the different forms of ALL (common T,
Pre-B cell line etc.) and whether the patients had received ara-
C previously either alone or in combination regimens.

Recently, a number of studies have reported the pharmaco-
kinetics of the active anabolite ara-CTP in leukemic cells from
adult patients during therapy with HD-ara-C regimens (5, 15-
17). In contrast, very little is known about the intracellular
kinetics of ara-CTP in leukemic cells from pediatrie patients
after a HD-ara-C treatment (27). Leukemic cells from periph
eral blood and bone marrow specimens from pediatrie patients
accumulate ara-CTP after an in vivo treatment with HD-ara-C.
Intracellular concentrations of ara-CTP peaked at the end of
the infusion ofara-C and declined with time, as ara-C is cleared
from plasma with similar peak levels and half-lives of elimina
tion as in adult patients (15-17).
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Fig. 6. Relationships between the DNA synthetic capacity and the cellular
concentrations of ara-CTP in circulating and bone marrow blast cells after HD-
ara-C. â€¢â€¢.patients achieved complete remission after HD-ara-C; O, A, patients
did not respond to HD-ara-C treatment.

Although the mechanisms responsible for the degradation of
the cellular concentrations of ara-CTP are not known, there is
considerable variation among patients as is seen from the half-
lives of disappearance from the circulating blast cells of patients
(Fig. 3, Table 1). There appears to be a prolongation of the t~h
of elimination of ara-CTP in patients with ALL as compared
with patients with ANLL. The ability of the leukemic cells to
accumulate and retain ara-CTP was not significantly related to
complete or partial remission in our patient population (P >
0.15), although the small number of patients rating a PR or
CR limits the reliability of this analysis.

There appears to be no correlation between the plasma AUC
of ara-C and the cellular AUC of ara-CTP, because of saturation
kinetics of ara-C conversion to ara-CTP on the dCk step as it
has been reported recently and because of the different levels of
dCk activity in the leukemic cells (5, 16, 28). There are no
statistically significant differences in the levels of dCk as deter
mined by the ability to accumulate ara-CTP when cells from
ANLL and ALL patients were compared.

During the infusion of ara-C, a progressive and profound
drop occurred in the DNA synthetic capacity of the leukemic
cells as determined by the incorporation of | 'I I |th> mkliue in

the PCA-insoluble fraction of the cells. The decline of DSC
continued for up to 5 h after the end of the infusion of ara-C,
following which, the DSC began to recover as the intracellular
ara-CTP concentrations declined with time.

Administration of the subsequent doses of ara-C every 12 h
resulted in a gradual increase of trough intracellular ara-CTP
concentrations, and a greater inhibition of DSC. In two patients
who achieved a CR with HD-ara-C, a linear relationship was
observed between inhibition of DSC and intracellular concen
trations of ara-CTP (Fig. 6, â€¢.â€¢).In three patients who did
not respond to the regimen, no such relationship was observed
(O, A). The DSC at 24 h was inhibited from 58 to 95% of
control. There was a trend for this inhibition to be related to
remission (P = 0.23). With larger numbers of patients this
correlation may become statistically significant. The inhibition
of the DSC at 24 h was highly correlated with achieving a zero
nadir blast count (P = 0.001, Table 2).

The median / value of disappearance of the peripheral blast
cells in six patients was 8 h. Although three patients with ALL
and three patients with ANLL had similar kinetics of PBC fw.ei,
it is noteworthy that the three additional patients in whom
kinetics of PBC were studied, and who had higher PBC tv,
values (median, 13 h) had ALL. The kinetics of leukemic cell
kill were independent of the pharmacodynamic parameters of

ara-CTP in the leukemic cells. There was no apparent correla
tion between the kinetics of disappearance of the peripheral
blast cells (PBC tv,.c\)from blood and therapeutic response to
HD-ara-C in these nine patients (Table 3).

The PBC tv,.,\ was significantly related to the peak intracel
lular ara-CTP concentration and DSC at 24 h. The log of PBC
decrease and the probability of a zero nadir were related to
DSC at 24 h. Nevertheless these parameters did not correlate
with the probability of a complete or partial remission. These
heavily pretreated patients may have had a very small propor
tion of ara-C resistant cells in their initial marrow and blood
samples that did not influence the pharmacokinetic measure
ments but precluded the achievement of a complete marrow
response.

HD-ara-C is an active therapeutic approach in childhood
acute leukemia resistant to conventional therapy, including
standard doses of ara-C. Additional pharmacodynamic studies
in children with acute leukemia are needed to fully reevaluate
the relationship between metabolic changes in ara-C occurring
in vivo and clinical response. In this study of 20 patients,
inhibition of DSC could already be identified as a possible
prognostic factor. Ultimately, the use of pharmacokinetic data
early in the course of therapy could lead to alternations in the
dose and schedule of ara-C designed to increase its clinical
efficiency, or to the prompt addition or substitution of other
active agents.
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