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Abstract Purpose: As previous data had shown that
only two-thirds of patients had the predicted activity
time courses when PEG-asparaginase 1000 U/m2 was
used in reinduction after native E. coli asparaginase in
induction treatment of acute lymphoblastic leukaemia
(ALL), drug monitoring was performed with the use of a
higher dose. Methods: Because one-third of patients had

insufficient serum asparaginase activity time courses
after a single dose of 1000 U/m2 PEG-asparaginase
during reinduction treatment, a dose of 2500 U/m2

PEG-asparaginase, which is the approved dosage in
Germany, was used in 39 reinduction and 20 relapse
patients to determine whether prolongation of the
activity time course may be possible with this higher
dose, and to look for significant differences between
reinduction and relapse patients. Results: After 1, 2 and
3 weeks, the mean activities were 1113±699 U/l,
231±259 U/l, and 13±35 U/l in the reinduction pa-
tients, and 1078±649 U/l, 165±195 U/l and 19±28 U/l
in the relapse patients, respectively. There were a con-
siderable number of patients with a substantially short-
ened activity time course in both groups. In 10 of 39
reinduction patients and in 7 of 24 doses during relapse
treatment, only activities <100 U/l were found after
1 week with a further fast decline. No statistically sig-
nificant differences between the two patient groups could
be shown at any time-point. Conclusions: Comparison of
these data with activities after 1000 U/m2 PEG-aspara-
ginase showed no prolongation of the time with activity
in the therapeutic range with the higher dose. Therefore,
for a longer duration of therapeutic activity, adminis-
tration of further doses is mandatory.
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Introduction

Since therapeutic activity of L-asparaginase in the
treatment of malignant haematological diseases was
observed in the middle of the last century, the enzyme
has been an essential part of nearly all regimens for the
therapy of acute lymphoblastic leukaemia (ALL) and
of some non-Hodgkin’s lymphomas (NHL) [18, 19].
Because asparaginase hydrolyses the non-essential
amino acid asparagine into aspartic acid and ammonia,
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therapeutic doses of the enzyme deplete the serum as-
paragine pool, which under physiological conditions is
in the range of about 40 to 80 lmol/l. Upregulation of
asparagine synthetase activity is thought to be restricted
in blasts sensitive to asparaginase, leading to impairment
of protein biosynthesis, DNA and RNA synthesis and
finally to apoptosis and cell death [3, 4, 10, 13, 22].

Because asparaginases are isolated from microor-
ganisms and an increase in immunogenicity can be
observed with increasing taxonomic distance between
organisms, and the molecular mass and complexity of
the protein, immunological reactions are of great con-
cern in the treatment of humans with asparaginase [6, 7].
The whole spectrum of hypersensitivity reactions may be
seen from fast decline of enzyme activity without any
clinical sign of immunological reaction to anaphylactic
shock with a regular activity time course [1, 8, 9]. After
reaction against one of the preparations, continuation of
treatment is often possible by changing the drug [5, 14].
Investigations using intravenous administration have
shown, however, that changing the drug from the E. coli
to the Erwinia enzyme necessitates the administration of
more than twice the dose for a comparable treatment
intensity [20].

Therefore, investigations with PEG-asparaginase
(Oncaspar) using a single dose of 1000 U/m2 body sur-
face area (BSA) were performed with drug monitoring in
a limited number of patients during reinduction treat-
ment in the ALL/NHL-BFM 95 protocols. Of 66 pa-
tients without a hypersensitivity reaction against the
native or the pegylated E. coli enzyme observed during
this study, two-thirds showed predicted activity time
courses with serum asparaginase activities of ‡100 U/l
for at least 14 days, and the remaining one-third showed
a fast decline in activity [11]. Because these shortened
activity time courses suggested insufficient treatment
intensity in a considerable number of patients, a dose of
2500 U/m2 BSA, as approved in Germany and the USA
for PEG-asparaginase on the basis of the same data, was
used in a limited number of patients with and without an
anamnestic allergic reaction against the native enzyme,
to determine whether it would be possible to obtain the
predicted pharmacokinetic treatment intensity in a
greater proportion of patients by dose escalation.

Patients and methods

Between November 1997 and July 2000, 59 children (29 male,
30 female) undergoing reinduction therapy for ALL (n=37) or
NHL (n=2), or treatment for ALL relapse (n=20) were enrolled in
a drug monitoring program. Reinduction treatment was performed
in four centres of the ALL-BFM study group (Essen, Frankfurt,
Münster, Vienna), and patients with relapse were treated in
nine centres of the ALL-BFM study group (Berlin, Frankfurt,
Hannover, Heidelberg, Homburg, Kiel, Münster, Neunkirchen,
Tübingen) and one patient was treated in each of three clinics of the
COALL group (Bielefeld, Düsseldorf, Hamburg).

Information about immunological reactions associated with
pretreatment were not available from all patients, but in four of the
relapse patients an allergic reaction to native E. coli asparaginase

was reported during reinduction treatment. All of these patients
were changed to Erwinia enzyme without further complications. All
children with ALL (n=57) or NHL (n=2) started treatment ac-
cording to the ALL/NHL-BFM 95/2000 and ALL-REZ BFM 96
protocols, respectively, and all children except one were treated
with 2500 U/m2 BSA PEG-asparaginase. Because of a BSA of less
than 0.6 m2, with approval of the German authority, this child was
treated with a dose of 82.5 U/kg body weight. During the drug
monitoring program, ALL treatment was changed from the 95 to
the 2000 protocol, Therefore most of the children were treated
during reinduction in so-called ‘protocol II’, but two patients were
treated in accordance with ‘protocol III’, which now in addition is
part of the new protocol ALL-BFM 2000.

The age range was 2 years 1 month to 17 years 3 months (mean
6 years 3 months, median 4 years 8 months) in the reinduction
group, and 3 years 9 months to 16 years 1 month (mean 8 years
8 months, median 8 years 2 months) in the relapse group. Four
patients in the relapse group received a second administration of an
identical dose.

Reinduction treatment protocol II

On day 8 of the treatment plan, 2500 U/m2 BSA PEG-asparaginase
(Oncaspar, pegylated E. coli asparaginase from a bacterial strain
identical to the Asparaginase Medac preparation, Kyowa Hakko)
was given as a 2-h intravenous infusion. This administration re-
placed four doses of 10,000 U/m2 BSA E. coli asparaginase on
days 8, 11, 15 and 18 of the reinduction treatment as defined by
the ALL/NHL-BFM 95 protocol. In addition, the reinduction
chemotherapy included a combination of daily dexamethasone
(10 mg/m2, days 1 to 31), and vincristine (1.5 mg/m2) and doxo-
rubicin (30 mg/m2) on days 8, 15, 22 and 29 [15, 17].

Reinduction treatment protocol III

On day 1 of the treatment plan, 2500 U/m2 BSA PEG-asparagin-
ase (Oncaspar) was given as a 2-h intravenous infusion. This
administration replaced four doses of 10,000 U/m2 BSA E. coli
asparaginase on days 1, 4, 8 and 11 of the reinduction treatment as
defined by the ALL-BFM 2000 protocol. In addition, the
reinduction chemotherapy included a combination of daily
dexamethasone (10 mg/m2, days 1 to 15 with a gradual dose
reduction to day 24), and vincristine (1.5 mg/m2) and doxorubicin
(30 mg/m2) on days 1 and 8.

Relapse treatment

Treatment according to the ALL-REZ BFM 96 protocol consists
of repeated administration of multiagent chemotherapy blocks with
asparaginase. In the first block (F1), after a cytoreductive prephase,
one dose of native E. coli asparaginase (Asparaginase Medac)
10,000 U/m2 BSA as defined by the protocol was used, and in the
second block (F2) this was replaced by one dose of 2500 U/m2 BSA
PEG-asparaginase (Oncaspar) given as a 2-h intravenous infusion.
The chemotherapy during the F2 block further included daily
dexamethasone (20 mg/m2, days 1 to 5), vincristine (1.5 mg/m2,
day 1), cytarabine (3 g/m2 twice daily, days 1 and 2), and intra-
thecal methotrexate, cytarabine and prednisolone on day 5.

Desired asparaginase serum activities

A serum E. coli asparaginase activity of 100 U/l has been suggested
by Riccardi et al. [16] to be sufficient for adequate asparagine de-
pletion in plasma and cerebrospinal fluid. Therefore, as only two-
thirds of the patients treated with 1000 U/m2 Oncaspar during
reinduction had shown this activity for about 14 days in the past
[11], a dose of 2500 U/m2 Oncaspar was given in order to increase
the time during which asparaginase activity was in this range.
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Sample collection

Blood samples for determination of asparaginase activity were
collected every 3rd or 4th day as part of standard clinical blood
sampling. Monitoring was performed until serum asparaginase
activity had dropped below the limit of quantification (LOQ)
(<20 U/l). Immediately after withdrawal, the samples were cen-
trifuged and the serum was sent for measurement without freezing
(stability at room temperature was proven for up to 7 days; un-
published data).

Since blood samples for the assessment of enzyme activity 1, 2
and 3 weeks after administration were not available for the same
days in every patient, the data from days 6 to 8, 13 to 15, and 20 to
22 were pooled for the time-points 1 week, 2 weeks and 3 weeks,
respectively. If there was more than one sample for weekly deter-
mination of enzyme activity from the same patient, only one of the
results was selected randomly.

Determination of asparaginase activity

Asparaginase activity was determined in a standard rich buffer
system measuring the ammonia released photometrically at 450 nm
after reaction with Nessler’s reagent. The assay had an inter- and
intra-assay reproducibility with a coefficient of variation of <15%
down to the LOQ of 20 U/l. The details of this assay have been
published elsewhere [6, 21]. For graphical presentation of the data,
activities less than 20 U/l were set to one-tenth of the LOQ (2 U/l).

Determination of amino acids

Systematic measurement of amino acids was not included in the
drug monitoring program because the multicenter design of this
investigation would not allow special preparation of blood samples
which is necessary for the determination of amino acids.

Calculation of individual activity time courses

To determine the population-based pharmacokinetics, individual
activity time courses were calculated using the computer program
NONMEM, version V, level 1.0 [2] with a nonlinear one-com-
partment pharmacokinetic model (Michaelis-Menten) without
saturable elimination and with conditional estimation. With the
conditional estimation method, estimates of the population pa-
rameters and simultaneously the random interindividual effects are
derived. This nonlinear model provided the best fit among different
pharmacokinetic models examined (unpublished data). The esti-
mates from this model for patients treated with PEG-asparaginase
1000 U/m2 BSA are presented. Comparison of the measured and
model-derived asparaginase activities showed a very good fit with
an intersect of 0.532 and a slope of 0.988 (r2 0.945).

Statistics

To compare the serum asparaginase activity of patients during
reinduction or relapse treatment 1, 2 and 3 weeks after adminis-
tration of the drug, the Mann-Whitney Rank Sum Test was used.
Statistical analysis was performed using Sigmastat 2.03 soft-
ware (Jandel Scientific).

Results

Patients undergoing reinduction treatment according
to the ALL/NHL-BFM protocols

Measurement of asparaginase activity 1 week after
administration was possible in 37 samples from 39

patients. In the two patients without samples after
1 week, the following samples withdrawn some days
later showed no asparaginase activity. Therefore, the
time-point at which activity was below the therapeutic
range could not be determined in these two patients. For
determination of enzyme activity 2 weeks after admin-
istration, 34 samples from 39 patients were available,
including 13 patients without quantifiable activity in
samples from an earlier time-point than 2 weeks. In 4 of
39 patients the time-point with activity below the
therapeutic range could not be determined, because of
missing samples after determination of activity in the
therapeutic range at an earlier time-point, whereas in
another patient without a 2-week sample, activity was
‡100 U/l at a later time-point. In 2 of 34 of the samples
the activity was 56 U/l and 85 U/l, respectively, and
therefore below the target limit of ‡100 U/l. The other
19 patients had activities in the therapeutic range, and
3 weeks after administration 29 samples were available
for measurement from the 39 patients. These results are
summarized in Table 1. No hypersensitivity reactions
were reported in the whole group of patients.

Patients undergoing treatment according
to the ALL-REZ BFM 96 protocol

For determination of asparaginase activity 1 week after
administration, 17 samples from 24 administrations in
20 patients were available. In four of seven administra-
tions without samples after 1 week, activity was above
the desired limit of 100 U/l at a later time-point, whereas
in two of the remaining administrations no information
for the rest of the activity time-course was available at
all, and in another one, activity was 49 U/l after 18 days.
Therefore, the time-point with activity below the thera-
peutic range could not be determined in these activity
time courses. One patient had an activity of 95 U/l, and
the remaining 13 of 17 administrations showed activities
above the target limit of 100 U/l. In four patients, two
identical doses were given in different treatment blocks.
In all of these patients a complete data set was available
from one administration only, showing a regular activity
time course. The limited data from the second admin-
istration, however, suggested a comparable activity time
course after both administrations in all four patients.

Asparaginase activity 2 weeks after administration
could be determined in samples from 24 administrations
in 11 patients, including four of five samples without
quantifiable activity which were measured at an earlier
time-point than 2 weeks. In 12 of the 24 administrations
the time-point with activity below the desired range
could not be determined because of missing samples
after determination of activity in the therapeutic range
at an earlier time-point. In one administration without
samples after 2 weeks, activity of more than 100 U/l was
measured at a later time-point. After 3 weeks samples
from 24 administrations in 11 patients were available for
measurement including seven of seven samples without
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quantifiable activity which was measured at an earlier
time-point than 3 weeks. These results are also shown in
Table 1. Hypersensitivity reactions were not reported.

Statistical analysis

Median serum activities of patients treated with aspar-
aginase during reinduction or relapse determined 1, 2
and 3 weeks after drug administration showed no
statistically significant differences at any time-point.

Toxicity

Toxicity was not intended to be documented during the
drug monitoring.

Discussion

Asparaginase treatment is associated with special prob-
lems, unique in the spectrum of substances used in
cancer treatment. As the asparaginases common in
clinical practice are macromolecules obtained from dif-
ferent microorganisms, one of the major side effects is
hypersensitivity reactions against the foreign proteins.
These reactions are reported to occur in about 25% to
30% of patients, but the rate may be much higher if the
same drug is used repeatedly [7]. However, because of
limited cross-immunogenicity of enzymes from different
biological sources, continuation of treatment is often
possible by changing the drug [5, 14]. For comparable
treatment intensity, adjustment of dose and schedule is
necessary because of the different pharmacokinetic and
pharmacodynamic properties of the asparaginases [1, 6].
As the native E. coli enzyme is the drug of choice in most
first-line treatments in Germany, hypersensitivity

reactions against this drug are common. Because studies
by our group have shown that substitution by the Er-
winia chrysanthemi enzyme necessitates a considerable
increase in dose and in the number of administrations
[20], and with the pegylated E. coli asparaginase at a
dose of 1000 U/m2 BSA asparagine depletion over the
envisaged period of time occurs in about two-thirds of
patients [11], an investigation with 2500 U/m2 of PEG-
asparaginase in reinduction and relapse treatment was
performed.

Population-based investigation of the pharmacoki-
netics of different PEG-asparaginase doses have shown
that the activity time courses in human serum do not fit
a linear pharmacokinetic model, but a Michaelis-Men-
ten kinetic, since a faster drop of activity is seen with
higher serum activities (unpublished data; [11]). There-
fore, we did not expect that increasing the dose from
1000 to 2500 U/m2 BSA would result in serum activities
in the therapeutic range of ‡100 U/l for about twice the
time, but we did expect to be able to determine whether
prolongation of the activity time course is possible by
dose escalation. As drug monitoring with 1000 U/m2

PEG-asparaginase has shown a marked interindividual
variability in the activity time courses [11], this was also
expected in a comparable manner with the higher dose.
Comparison of the drug monitoring data from the two
doses, as shown in Fig. 1, demonstrates that with
2500 U/m2 peak activities were about twice those seen
with 1000 U/m2, but there was no prolongation of the
time with serum activities of ‡100 U/l with comparable
interindividual variability. In the context of these find-
ings, it is remarkable that data available from reinduc-
tion drug monitoring using four times the dose
(10,000 U/m2) of native E. coli asparaginase in 76 pa-
tients show no silent inactivation, but clinical hyper-
sensitivity reactions in 24% of the patients [12]. It seems
that with PEG-asparaginase silent inactivation may
be the predominant type of hypersensitivity reaction,

Table 1 Plasma asparaginase activity (U/l) in patients during
reinduction and relapse treatment according to the ALL-BFM 95/
2000 and ALL-REZ BFM 96 protocols, respectively. Differences
between the data from reinduction and relapse treatments were not

statistically significant at any time-point. Because in relapse some
of the patients were treated with more than one dose, the reference
point is the number of administrations and not the number of
patients in this group

Time after
administration

Reinduction Relapse

Median
(range)

Patients activity
<20 U/l

Samples/patients Median
(range)

Patients activity
<20 U/l

Samples/doses

Total group
Day 7±1 1383 (<20–1997) 8 37/39 1331 (<20-1985) 3 17/24
Day 14±1 222 (<20–929) 13 34/39 69 (<20-454) 5 11/24
Day 21±1 <20 (<20–184) 21 29/39 <20 (<20–66) 7 11/24

Activity ‡100 U/l day 14
Day 7±1 1629 (1079–1997) 20/20 1499 (1124–1985) 6/6
Day 14±1 341 (172–929) 19/20 391 (131–454) 5/6
Day 21±1 21 (<20–184) 14/20 52 (<20–66) 4/6

Patients with activity ‡100 U/l
On day 7±1 1577 (377–1997) 29/29 1383 (903–1985) 13/17
On day 14±1 341 (172–929) 19/20 391 (131–454) 5/6
On day 21±1 184 1/1 0/0
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necessitating strict drug monitoring, whereas with the
native E. coli enzyme mainly clinical reactions are seen.

Integration of patients treated in front-line and in
relapse with 2500 U/m2 PEG-asparaginase gave us the
chance to look for differences in the activity time
courses in relation to the extent of pretreatment with
asparaginase. As can be seen in Fig. 1, there were some
relapse patients with no demonstrable activity as early
as a few days after administration of the drug, but there
were also ALL patients undergoing initial treatment
without activity after less than 1 week. No statistically
significant differences between the median activities in
patients in reinduction and in relapse was seen 1, 2 and
3 weeks after drug administration. Therefore, an influ-
ence of the extent of pretreatment with asparaginase
could not be demonstrated in these patients. Four of the
relapse patients were changed to the Erwinia enzyme
during reinduction treatment because of an allergic
reaction to the native E. coli preparation. Although
limited by the small number of patients, there is no
indication of a shortened activity time course in these
patients. In another five patients, asparaginase rein-
duction treatment was performed with the same pegy-
lated E. coli enzyme that was used for relapse treatment
in this investigation. Even though one of the patients
showed no measurable serum asparaginase activity the
day after drug administration, a shortened activity time
course cannot be assumed in the remaining four
patients. The value of this information is uncertain,
however, because of the small number of samples in
these patients.

Measurement of asparagine was not carried out
because the multicenter design of the drug monitoring
program would not allow special preparation of blood
samples immediately after withdrawal, which is neces-
sary for the determination of amino acids in serum [6].

It has been shown by Riccardi et al., however, that
plasma E. coli asparaginase activities about 100 U/l
are sufficient for complete asparagine depletion in
serum as well as CSF [16]. Because this finding has
been confirmed repeatedly, an activity of ‡100 U/l was
taken as the lower therapeutic range in this investiga-
tion [6, 20].

The findings showed that escalation of PEG-aspara-
ginase dose in general was not associated with prolon-
gation of the time interval with activity in the therapeutic
range. However, although observed in a limited number
of patients only, neither allergic reactions against the
native preparation of the identical enzyme nor pre-
treatment with PEG-asparaginase appeared to lead to a
shortened activity time course in most patients. This
may give the opportunity for repeated doses, if a pro-
longed time interval with activity in the therapeutic
range is desired. Because the number of patients treated
in this way is very limited, ongoing clinical studies will
provide further data on the pharmacokinetics with re-
peated use of PEG-asparaginase. Since there are a con-
siderable number of patients with shortened activity
time courses without clinical signs of hypersensitivity,
treatment with PEG-asparaginase should in general be
performed with drug monitoring. With the background
of pharmacokinetic data now available, the number of
specimens may be reduced to two or three samples
withdrawn 5 to 7 days and 12 to 14 days after admin-
istration of the drug.

References

1. Asselin B, Gelber R, Sallan S (1993) Relative toxicity of E. coli
L-asparaginase (ASP) and PEG asparaginase (PEG) in newly
diagnosed childhood acute lymphoblastic leukemia (ALL).
Med Pediatr Oncol 21:556

Fig. 1 Activity time courses of
patients treated with PEG-as-
paraginase 1000 U/m2 BSA in
the background, together with
symbols indicating measured
activities under treatment with
PEG-asparaginase 2500 U/m2

BSA during reinduction and
relapse. Activities below the
LOQ are set 2 U/l

153



2. Beal SL, Sheiner LB (eds) (1992) NONMEM user’s guides.
NONMEM Project Group, University of California at San
Francisco, San Francisco

3. Becker FF, Broome JD (1967) L-Asparaginase: inhibition of
early mitosis in regenerating rat liver. Science 156:1602

4. Becker FF, Broome JD (1969) L-Asparaginase: inhibition of
endogenous RNA polymerase activity in regenerating liver.
Arch Biochem Biophys 130:332

5. Billett AL, Carls A, Gelber RD, Sallan E (1992) Allergic
reactions to Erwinia asparaginase in children with acute
lymphoblastic leukemia who had previous allergic reaction to
E. coli asparaginase. Cancer 70:201

6. Boos J, Werber G, Ahlke E, Schulze-Westhoff P, Nowak-Göttl
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