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Abstract Purpose: To describe the pharmacokinetics of
Erwinia asparaginase (ASNase) after intravenous (i.v.)
and intramuscular (i.m.) administration. Methods: A
group of 29 children with newly diagnosed acute lym-
phoblastic leukemia (ALL) received Erwinia ASNase
30,000 1U/m? every day for 10 days during multiagent
induction therapy. Of these patients, 13 received i.v.
therapy and 16 received i.m. therapy. During the rein-
duction phase the patients received Erwinia ASNase
30,000 1U/m? twice a week for 2 weeks (Mondays and
Thursdays) (8 patients in the i.v.-treated group and 11
patients in the i.m.-treated group). ASNase activity
(spectrophotometric assay) was measured in plasma
samples obtained from the patients at various times
during therapy. Results: The estimated half-life was
6.4+0.5 h (n=13), the absorption rate after i.m. ad-
ministration was found to limit elimination. The ap-
parent volume of distribution corresponded well with
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the volume of plasma. The estimated clearance sug-
gested that Erwinia ASNase is a low-clearance drug.
Bioavailability after i.m. administration was (mean=+
SEM) 27.0+4.5% (range 11-61%; n=12). Conclusions:
In this study the pharmacokinetic parameters after i.v.
and i.m. administration of Erwinia ASNase were deter-
mined based on a substantial number of patients. The
present findings emphasize the importance of conduct-
ing proper pharmacokinetic studies before a new drug or
a new preparation of a drug is introduced in a different
schedule.

Keywords Erwinia ASNase - Elimination rate
constant - Absorption rate constant - Volume of
distribution - Bioavailability

Introduction

Since 1992 Erwinia ASNase has been used in the treat-
ment of acute lymphoblastic leukemia (ALL) in child-
hood in the Nordic countries. L-Asparaginase (ASNase)
hydrolyses the amino acid rL-asparagine to aspartic acid
and ammonia, thus depleting plasma of L-asparagine.
L-ASNase is used in the treatment of ALL and lym-
phomas, as some malignant lymphoblasts are restricted
in their synthesis of L-asparagine and therefore rely on
an exogenous supply [3, 15]. As a result of L-asparagine
depletion, protein synthesis is inhibited and the cells die.

The pharmacokinetics of ASNase have been most
extensively studied for the E. coli preparations [1, 5, 6, 12,
14], the primary source of enzyme in most protocols,
whereas the available information about the pharmaco-
kinetics of Erwinia ASNase is sparse [1, 14]. Some kinetic
studies have shown that E. coli ASNase obeys first-order
kinetics [10, 12] but others have not [6, 12]. The half-life
of Erwinia ASNase has been poorly described after i.v.
administration [14], but well described after i.m. admin-
istration [1]. Information about clearance, volume of
distribution, bioavailability and the absorption rate
constant after i.m. administration of Erwinia ASNase is
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not available in the literature. Studies comparing the
pharmacokinetics of Erwinia ASNase after i.v. and i.m.
administration have not been performed.

This report describes the pharmacokinetics of Erwi-
nia ASNase 30,000 IU/m” given every day for 10 days
during the induction phase, and 30,000 IU/m* given
twice a week (Mondays and Thursdays) for 2 weeks
during the reinduction phase for the higher risk patients.
The drug was administered either by the i.v. route
(n=13) or the i.m. route (n=16).

Materials and methods

Patients

The study included 29 children with newly diagnosed ALL (1.5 to
14 years of age). They all received conventional L.-ASNase therapy
according to the NOPHO-92 ALL protocol (The Nordic Society for
Pediatric Hematology and Oncology, protocol initiated 1992).
Some patients received Erwinia ASNase (Erwinase; Ipsen-Spey-
wood Pharmaceuticals, Maidenhead, UK) 30,000 1U/m? i.v. (infu-
sion over 3 h) and others received i.m. therapy every day for 10 days
during the induction phase from day 37 until day 46 (in this report
day 0 to day 9). During the first 36 days they all received i.v. vin-
cristine and doxorubicin, oral prednisolone, and intrathecal met-
hotrexate. During L-ASNase treatment prednisolone was tapered as
the only other drug (total dose of approximately 2500 mg/m?).

The higher risk patients also received Erwinia ASNase
30,000 IU/m? i.v. (infusion over 3 h) or i.m. twice a week (Mon-
days and Thursdays) for 2 weeks during the reinduction phase, i.e.
protocol days 169, 172, 176 and 179 (intermediate risk group) or
232, 235, 239 and 242 (high-risk group) — in this report days 0, 3, 7
and 10. During these periods they also received oral dexametha-
sone, i.v. vincristine and daunorubicin (days 169 or 232 and 176 or
239) and intrathecal methotrexate on day 169 (232).

Sample collection

At specific times during therapy blood samples were withdrawn
into heparinized glass tubes and centrifuged at 4°C. The samples
were stored at —70°C. Plasma samples from other centers were sent
on dry ice.

During the induction phase blood samples were withdrawn as
follows. For the 13 patients receiving i.v. therapy, blood samples
were obtained on day 0 before ASNase administration, immediately
after infusion had ended, and 5 and 24 h after the beginning of
infusion of the first dose. On days 4 and 8 blood samples were taken
before administration, and 5 and 24 h after the beginning of infu-
sion. Finally, a blood sample was taken on day 13. From the 16
patients receiving i.m. therapy, blood samples were obtained on day
0 before ASNase administration, 0.5, 2 and 24 h after the first dose.
On days 4 and 8 blood samples were taken before administration,
and 2 and 24 h after. A blood sample was also taken on day 13.

During the reinduction phase blood samples were drawn on all
days of therapy, which were days 0, 3, 7 and 10. After i.v. ad-
ministration blood samples were taken before, immediately after
infusion had ended, and 5 h from the start of infusion. A blood
sample was also obtained on day 14. After i.m. administration
blood samples were obtained before and 0.5 and 2 h after admin-
istration. A blood sample was also drawn on day 14.

Quantification of the enzyme activity using Nessler’s reagent
The concentration of ASNase in plasma samples was measured

using a spectrophotometric method, determining enzyme activity
by the use of Nessler’s reagent. Standard samples (6000, 4000, 2000,

1000, 500, 200 and 100 IU/I), a control, and plasma samples were
diluted 1:5 in 0.05 M Tris-HCI (pH 8.5) to obtain a measurable
working range (100-6000 1U/1) in which the concentrations in most
of the samples were expected to lie, and 40 pl of the diluted sam-
ples, 110 pl 0.05 M Tris-HCI (pH 8.5) and 50 pl 0.04 M vL-aspar-
agine buffer solution were incubated for 30 min at 37°C. After the
addition of 50 pl 15% trichloroacetic acid and centrifugation,
200 pl of the supernatant was added to 650 pl of redistilled auto-
claved water. Finally, 100 ul of Nessler’s reagent was added. The
samples were allowed to stand for 15 min at room temperature
before the optical density (OD) at 405 nm (triplicates in micro-
plates, and read using an ELISA reader) was measured. Standard
curves were constructed, plotting OD at 405 nm versus known
asparaginase activities (IU/l) using polynomial regression (degree —
2) analysis. Samples with ODs above that corresponding to
6000 TU/I were reanalyzed using a standard curve with standard
concentrations of 50,000, 40,000, 30,000, 20,000, 10,000 and
5,000 IU/1. These samples were diluted 1:20 in 0.05 M Tris-HCI.

The intraday CV, estimated by measuring one standard con-
centration (400 IU/l) 35 times on 1 day, was 2.7%. The interday
CV, evaluated from triplicates (analysis of the same sample 20
times over 2 months), was found to be 5.6%. The interday CV at
100 IU/1 (minimum detectable concentration) was 29.4%.

Calculations

All the pharmacokinetic parameters were estimated from plasma
concentration-time data during induction therapy. During the
reinduction phase data were insufficient to allow any estimations.
On the assumption of a one-compartment model and first-order
kinetics, the pharmacokinetics of Erwinia ASNase were evaluated
after i.v. and i.m. administration.

Intravenous administration

The elimination rate constants (ke) for the 13 patients undergoing
i.v. therapy were estimated from postinfusion concentrations-time
data from one to three administrations during the induction phase.
On day 0 (three postinfusion concentration-time points) ke was
estimated by linear regression analysis. By linear regression analysis
ke was also estimated from data from days 4 and 8 (two mea-
surements each day). The mean ke [kemean = (k€day0 + Keday4+s)/2]
was used to estimate C(T) (the plasma concentration at infusion
stop) for the infusions on day 0 and day 4+ 8 by linear regression
analysis. The plasma concentration C(t) during an infusion is given
by [4]:

Dose
Clt)=————

0 =Yg ket (
where T is the infusion time. C(T), the concentration at the end of
infusion, is given by:

Dose
= %

VdxkexT
When infusion has ceased the concentration C(t) decreases ac-
cording to the equation:

C(t) = C(T) * (e (-1 (3)

1— e—ke*t) (1)

C(T) (1- e’ke*T) (2)

In the NOPHO-92 protocol the i.v. infusions during the induction
phase were given over 3 h every day for 10 days. Therefore the
trough concentration (Ciouen) prior to each sequential adminis-
tration, and the continued elimination of Cioyen during the infu-
sion time had to be included in the calculations. During the first i.v.
infusion C(T) (the concentration at the time of infusion stop) was
estimated by linear regression analysis. During later i.v. infusions
(day 4+ 8) the C(T),caq (given by the linear regression analysis) was
adjusted for previous trough concentrations as follows:

C(T) = C(T);¢aq — Cirough e T (4)



Semilogarithmic plots of postinfusion concentration-time data
were used to estimate ke when data were only available on either
day 4 or day 8, in addition to day 0.

C(Dmean [(C(T)day 0+ C(T)day 4+8)/2] was used to calculate the
volume of distribution by rearrangement of Eq. 2:

_ Dose _kesT
VdiC(T)*ke*T*<1 ¢ ) (5)
Clearance is given by:
Cl=ke*Vd (6)
The elimination half-life, T1/2, was then calculated from:
In2

Tl = 7

/2 kemczm ( )

The equations describing the concentration-time profiles during
the induction phase (i.e. during infusion and after infusion) are as
follows.

During infusion (t=0-3 h):

_ Dose . ( |
Vd s« ke T

After infusion (t=3—24 h):

C(t) _ e—ke*t) +Ctrough % e—ke*t (8)

C(O = C(T) * (D) 4 Cypgugn * e (D) )

For the definition of C(T) see Eq. 2.

In order to simulate the concentration-time profiles of plasma
enzyme activity during 10 days of i.v. therapy with Erwinia ASN-
ase, the calculated ke (mean value), Vd (mean value), and the
Cirough calculated from Eq. 4 (t=24 h) after the first dose were
inserted into the equations. It was assumed that a steady-state
trough concentration had been reached by the time of adminis-
tration of the second dose (24 h is approximately 4xT1/2). During
reinduction therapy the Ci.ouen is approximately zero.

Intramuscular administration

On the assumption of a one-compartment model and first-order
absorption and elimination kinetics, the plasma concentration after
a single extravascular administration as function of time is given by
the Bateman function:

F x ka * dose

CO = ko) * &

—ka*t)

e (10)
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where F is bioavailability, i.e. the fraction of the administered dose
reaching the systemic circulation. The mean values of ke and Vd
from the i.v. data were inserted into this equation.

An apparent elimination rate constant (k,p,) based on plasma
concentration-time data obtained after the last dose allowed us to
use non-linear regression analysis (the Bateman function) on five
concentration-time points (0, 0.5, 2, 24 and 96 h) in order to esti-
mate the absorption rate constant, ka, and a rather rough esti-
mation of the bioavailability F after i.m. administration.

Simulation of plasma enzyme activity each day during 10 days
of i.m. Erwinia ASNase therapy as function of time was performed
by insertion of the estimated parameters into the following equa-
tion:

F x ka * dose

C(t) :V—d " (kd — ke) " (e—ke*l _ e—ka*l) + Clrough « e kappxt

(1)

Results
Intravenous administration

The half-life of Erwinia ASNase was found to be
(mean =SEM) 6.4+0.5 h (range 3.7-9.3 h) based on
data from the 13 children who received i.v. therapy. The
estimated half-lives showed minor intraindividual vari-
ation, but major interindividual variation (Table 1).
Because samples missing the half-life could only be es-
timated from data after one or two infusions for some
patients. The volume of distribution, Vd, was
(mean+SEM) 1.35+0.09 1/m? (range 0.82-1.72 1/m?).
When multiplying by the body surface area for each
patient, the volume of distribution correlated well with
plasma volume, assuming that the plasma volume was
4% of the body weight. Clearance was calculated to be
(mean+SEM) 0.16+0.02 I/m®> per h (range 0.09—
0.32 1/m? per h). The concentration-time profiles of
plasma enzyme activity during 10 days of i.v. therapy
with Erwinia ASNase were simulated using Egs. 8 and 9

Table 1 Estimated pharmacokinetic parameters for 13 children after administration of intravenous Erwinia ASNase during the induction

phase (one, two or three infusions monitored per patient)

Patient No. of Age Weight Surface C(Tmean ke T1/2 (h) Vd (I/m? Vd (1) Plasma Cl
no. infusions (years) (kg) area (m?) (TU/1 x1000)* (h'!) volume (1)® (I/m?/h)
1 2 6 21 0.84 25 (22/28) 0.09 7.9 1.05 0.88 0.84 0.09
2 3 3.5 16 0.64 16 (17/16) 0.15 4.6 1.49 0.95 0.64 0.23
3 2 6.5 22 0.98 18 (20/16) 0.08 9.0 1.50 1.47 0.88 0.11
4° 2 1.5 13 0.50 15 0.15 4.7 1.58 0.79 0.52 0.23
5 1 4 17 0.70 19 0.12 5.9 1.30 0.91 0.68 0.15
6 1 12 40 1.25 20 0.09 7.7 1.30 1.63 1.60 0.12
7 2 9 29 0.95 16 (15/18) 0.09 7.7 1.60 1.52 1.16 0.14
8 2 12 40 1.25 17 (18/16) 0.07 9.3 1.58 1.98 1.60 0.12
9 2 12 48 1.53 30 (25/35) 0.13 5.2 0.82 1.25 1.92 0.11
10° 2 3 14 0.61 14 0.19 3.7 1.72 1.05 0.56 0.32
11 1 6.5 22 0.98 18 0.09 7.3 1.66 1.62 0.88 0.15
12 1 3 14 0.61 24 0.13 5.5 1.10 0.67 0.56 0.14
13 3 6 24 0.88 29 (32/25) 0.16 4.3 0.83 0.73 0.94 0.13
Mean + SEM 0.12+0.01 6.4+0.5 1.35+£0.09 1.19+£0.12 0.98£0.13 0.16+0.02

“Numbers in parentheses are the C(T) values on day 0, day 4, day 8 or day 4+38

®Assumed to be 4% of body weight

“Infusions on days 4 and 8, therefore only one C(T) from the linear regression analysis on the plasma concentration-time data from these

2 days is given
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(Fig. 1). The same two equations were used to simulate
concentration-time profiles during reinduction therapy
(Fig. 2), where the patients received the same dose as
during induction therapy, but only on days 0, 3, 7
and 10.

Intramuscular administration

The apparent elimination rate constant (k,pp), which
could be estimated from the data from only seven pa-
tients, was found to be (mean+ SEM) 0.81+0.05 day
(range 0.77-0.99 day '). Comparison of this rate con-
stant with the elimination rate constant from the i.v.
data (which was 0.124+0.01 h'!, 2.88 day ') suggests a
slow absorption phase. Absorption rate limits elimina-
tion, so that the decline in the plasma concentration
reflects absorption rather than elimination. For some
patients ka could not be estimated, and the concentra-
tion-time profiles after a single i.m. injection for these
patients were constructed using the mean value for ka,
0.81 day !, for the other patients. Bioavailability after
1.m. administration was determined for 12 patients using
the Bateman function. The results are given in Table 2.

Simulation of plasma enzyme activity each day dur-
ing 10 days of i.m, Erwinia ASNase therapy as function
of time was done by insertion of the estimated param-
eters into Eq. 11 (Figs. 3 and 4). In Fig. 4 (reinduction)
the line C=100 U/l is shown and represents the lowest
value in the measurable working range for the method,
and all activities <100 IU/1 were set to be 0 TU/I.

Discussion

E. coli-derived ASNase preparations are the primary
source of enzyme in most treatment protocols of ALL
worldwide, and only in cases of hypersensitivity reac-
tions to these preparations is Erwinia ASNase or PEG
ASNase administered. The available information about
the pharmacokinetics of Erwinia ASNase is therefore
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Fig. 1 Simulation of plasma enzyme activity after repeated i.v.
administration during the induction phase (patient no. 13)

sparse. The preparation was introduced into the NO-
PHO protocol in 1992 without any further investiga-
tions. Over-treatment with ASNase may cause side
effects (coagulopathy, pancreatitis, hepatotoxicity [8, 13]
and probably hypersensitivity reactions [7, 9]), and un-
der-treatment (enzyme activities below 100 [U/l) may
result in insufficient L-asparagine depletion and thus
insufficient treatment [2, 11, 14].

In the present study the pharmacokinetics of Erwinia
ASNase were evaluated in a substantial number of pa-
tients from whom only a few plasma samples could be
drawn. The description of the pharmacokinetics after
1.v. administration is based on the assumption of a one-
compartment model and first-order kinetics. In order to
perform optimal pharmacokinetic studies, blood sam-
ples should be drawn regularly during at least two
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Fig. 2 Simulation of plasma enzyme activity after repeated i.v.
administration during the reinduction phase (patient no. 2)

Table 2 Estimated pharmacokinetic parameters after i.m. admin-
istration of Erwinia ASNase on day 0 during the induction phase
(one administration monitored per patient) (k,,, apparent elimi-
nation rate constant)

Patient no. Kapp (day h ka (day ") F (%)
(bioavailability)

14 - 0.81* 28

15 - 0.81% 11

16 - 0.81% 21

17 0.63 0.63 _b

18 0.87 0.87 61

19 0.77 0.77 28

20 - 0.81% 46

21 - 0.81% 19

22 - 0.81% 11

23 - 0.81% 18

24 0.92 0.92 _b

25 - 0.81% 14

26 0.99 0.99 44

27 0.69 0.69 -

28 0.82 0.82 _b

29 - 0.81% 23

Mean = SEM 0.81+0.05 - 27445

“Mean value of the estimated apparent elimination rate constant
®Insufficient samples for non-linear regression analysis
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Fig. 3 Simulation of plasma enzyme activity after repeated i.m.
administration during the induction phase (patient no. 5)
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Fig. 4 Simulation of plasma enzyme activity after repeated i.m.
administration during the reinduction phase (patient no. 9)

half-lives from each patient. In the present study, how-
ever, it was not possible ethically to have more blood
samples withdrawn from the children. The estimated
half-life based on data from 13 children who received
i.v. therapy was 6.4 £0.5 h, which was comparable with
the half-life found by Werber [14] of 7.2 h (mean from
two patients). The half-life after i.m. administration has
been reported to be longer (15.5 h, ten patients) [1]. In
the present study the elimination half-life was assumed
to be the same regardless of the mode of administration,
but when the enzyme is administered i.m. (or s.c.), the
absorption phase might influence the apparent rate of
elimination. The absorption rate after i.m. administra-
tion was found to limit elimination, which seems plau-
sible as ASNase is a large protein, and therefore is
absorbed slowly. The volume of distribution was found
to correspond well with the plasma volume, which also
has been found after i.v. administration of E. coli
ASNase [5, 6].

The simulations of plasma enzyme activity as a
function of time (Figs. 1, 2, 3 and 4) are attempts to
describe the expected enzyme activity during therapy
based on the estimated pharmacokinetic parameters, and
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demonstrate that the dose given during the induction
phase resulted in extremely high plasma concentrations
after both i.v. and i.m. administration, and that the dose
and schedule during substantial periods of the reinduc-
tion phase resulted in absent (i.v. group) or low (i.m.
group) enzyme activities. Riccardi et al. [11] have shown
that plasma enzyme activities above 100 IU/I ensure L-
asparagine depletion from the body fluid compartments.
So in the present setting, the patients were over-treated
during induction therapy (Figs. 1 and 3) and under-
treated during reinduction therapy (Figs. 2 and 4).

In conclusion, the pharmacokinetics of FErwinia
ASNase after i.v. and i.m. administration were deter-
mined, adding to the available information. Parameters,
such as the half-life and the volume of distribution, were
confirmed in our study. The present study demonstrated
the importance of conducting pharmacokinetic studies
before a new drug or a new preparation of a drug is
introduced in a different schedule in order to secure the
patients optimal treatment.
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