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A pharmacological study on pegylated asparaginase
used in front-line treatment of children with acute
lymphoblastic leukemia

Highly purified preparations of
asparaginase (ASP) from Escherichia
coli (E. coli) and Erwinia chrysanthemi

have proven to be active against childhood
acute lymphoblastic leukemia (ALL) and
lymphomas and have become standard
components of the treatment regimens for
this disease. An adequate ASP enzymatic
activity is required to lower the asparagine
concentration in serum below the minimum
threshold required for leukemic cell
growth.1-5 Silent inactivation, a phenome-
non rather frequently observed after multi-
ple exposures to native ASP products and
consisting of a rapid decline of serum enzy-
matic activity due to the presence of
anti–ASP antibodies, may compromise the
therapeutic efficacy of the drug. By conju-
gating the native E. coli ASP molecule to
polyethylene glycol (PEG) a definite reduc-
tion of immunogenic properties, increased
non-reactivity to antibodies, a significantly
longer half-life and a reduction of the num-
ber of injections for the patient have been
obtained.6-8 Due to these features, PEG-ASP
has been used, at doses comprised between
1,000 and 2,500 U/m2 (or about one tenth

the dose of the native E. coli enzyme), once
every one or two weeks, mainly as a sec-
ond-line product in patients with ALL
hypersensitive to the native products.8-9

More recently PEG-ASP has also been used
as a first-line product in ALL front-line pro-
tocols for both adults and children.10-12

The main goal of the present study was to
investigate the pharmacological effects of
the administration of PEG-ASP given as a
first-line product (i.e. from the induction
phase) in children with ALL treated with the
intensive AIEOP ALL 2000 study protocol. 

Design and Methods

Patients’ eligibility and treatment schedule
The recruitment plan of this study was to

investigate 20 children, aged < 18 years,
with a new diagnosis of ALL. Patients with
diabetes, coagulopathy, pancreatitis, or
severe neurological and liver diseases pre-
existing the start of PEG-ASP treatment
were not eligible for the study. The treat-
ment schedule was that used in the AIEOP
ALL 2000 study. This treatment schedule is
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Background and Objectives. Pegylated-asparaginase (PEG-ASP) has been traditionally used as a
second-line preparation in children with acute lymphoblastic leukemia (ALL) presenting with clin-
ical allergy to native asparaginase (ASP) products. The main goal of the present study was to
investigate the pharmacological effects of the administration of PEG-ASP given as a first-line
product in children with ALL. 

Design and Methods. PEG-ASP serum enzymatic activity and serum and cerebrospinal fluid (CSF)
levels of asparagine were investigated in 20 children with newly diagnosed ALL enrolled in the
ongoing AIEOP ALL 2000 protocol and treated with PEG-ASP as a first-line ASP preparation.
During induction the drug was administered at the dosage of 1,000 U/m2 i.v. on days 12 and
27. During reinduction the drug was administered only once at the same dosage.

Results. Among the 20 patients treated in induction serum PEG-ASP activity equalled or exceed-
ed 100 U/L in 18/18, 11/11 and 15/18 of the samples available on days 22, 25 and 27,
respectively, and in 16/16, 12/15 and 5/8 samples available on days 36, 39 and 45, respec-
tively. In the 15 patients treated during reinduction serum PEG-ASP activity ≥100 U/L was
observed in 14/15, 11/14, 6/10, and 0/12 samples available on days 11, 15, 18 and 23,
respectively, after the administration of the drug. Serum asparagine levels were below the detec-
tion limit (≤0.2 µM) in all patients/samples and at all time points evaluated during induction;
during reinduction only one patient had detectable asparagine levels from day 11. CSF
asparagine levels were below the detection limit of the method only in a few patients during both
induction and reinduction. 

Interpretation and Conclusions. PEG-ASP given as a first-line ASP product in the context of an
intensive chemotherapy protocol for pediatric ALL allowed adequate plasma enzymatic activity
and asparagine depletion during both exposures to the drug. However, CSF asparagine depletion
was inadequate.
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very similar to that used in the previous AIEOP ALL 95
study13 consisting of a BFM back-bone including induc-
tion (protocol IA+B), consolidation (protocol M), rein-
duction (protocol II or protocol III) and continuation
phase. Patients evaluated in this pharmacological study
were not considered eligible for the first randomized
study of the AIEOP ALL 2000 protocol
(prednisone/control vs dexamethasone/experimental in
induction) and were all treated in the prednisone/con-
trol arm. Patients could, however, be randomized for
the subsequent studies (standard risk: one protocol III
vs one protocol II, intermediate risk: two protocols III
vs one protocol II, high risk: three intensive blocks plus
two protocols II vs three intensive blocks plus three
protocols III). Details of the single treatment elements
have already been described elsewhere.13 Patients were
stratified based on biological and treatment response
parameters, including minimal residual disease evalua-
tion in weeks 5 and 12.14 Figure 1 shows the outlines of
the treatment phases (protocols IA, II and III) and also
include the PEG-ASP treatment details and the sched-
ule for cerebrospinal fluid (CSF) and plasma sampling
adopted for the present pharmacological study. 

The study drug was pegylated E. coli asparaginase
(Oncaspar®, Medac GmbH, Hamburg, Germany),
which was administered intravenously as a 2-hour
infusion at the dosage of 1,000 U/m2 both during the
induction (two doses, days 12 and 27) and reinduction
phases (one dose only, conventionally considered as
given on day 1). No test dose was used before admin-
istration. The target level of ASP activity was ≥100 U/L
since this level of activity has been found to be ade-
quate to obtain complete depletion of asparagine (≤0.2
µM) in serum and CSF. Patients evaluated in this phar-
macological study were also monitored with routine
blood analyses performed on the same day as pharma-
cological monitoring was planned. Informed consent
was obtained from parents or legal guardians in all
cases. 

In order to compare the clinical impact of PEG-ASP in
this therapeutic setting, a comparable group of 37 ALL
children, previously treated in our institution with the
same AIEOP ALL 2000 treatment protocol, was stud-
ied. The ratio of the patients in the historical control
group to the patients in the study group was two to
one. These patients were randomized to receive pred-
nisone during the induction phase IA and were given
the native E. coli Medac Asparaginase® product (Medac
GmbH, Hamburg, Germany) instead of the PEG-ASP
product used in our study patients. Data were collected
on relevant clinical complications, WHO graded (grade
III-IV only) episodes of toxicity associated with the use
of native ASP or PEG-ASP, duration of the induction
phases IA and IB and the entity of related treatment
burden (i.e. days of hospital admission, duration of i.v.
antibiotic or antifungal treatment, central venous line
placement, administration of packed red blood cells or
platelet transfusions). 

Sampling
Serum: asparagine levels and ASP activity were evalu-

ated both in induction on day 12 at baseline, on day 12
at peak (i.e. 2 hours after the first PEG-ASP), on days
15, 18, 21, and 24, on day 27 at baseline, on day 27 at
peak (i.e. 2 hours after the second PEG-ASP), and on
days 30, 33, 36, 38 and 45 for a total of 13 samples, and
in reinduction on day 1 at baseline, on day 1 at peak
(i.e. 2 hours after PEG-ASP), and on days 4, 8, 11, 15, 18
and 23 for a total of 8 samples. Each blood sample was
placed in tubes without anticoagulant and immediate-
ly centrifuged; serum was divided in two aliquots and
immediately frozen at -80°C and stored until analysis. 

Cerebrospinal fluid: asparagine levels were measured
when diagnostic lumbar punctures or intrathecal
chemotherapy treatment was scheduled (i.e. in induc-
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Figure 1.
Outlines of pro-
tocols I (phase
IA), II and III
are shown in
sections A, B
and C, respec-
tively. The
schedule of the
cerebrospinal
fluid and plas-
ma sampling
adopted for
the pharmaco-
kinetic and
pharmacody-
namic evalua-
tion of the
PEG-ASP study
are also indi-
cated.
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tion on days 1, 15, 29, 38 and 52 for a total of 5 sam-
ples, and in reinduction on day 38 for patients receiving
protocol II and on day 23 for patients receiving proto-
col III, for a total of one sample for each phase). CSF
samples were immediately frozen at -80°C and stored
until analysis. 

Determination of serum ASP activity
Levels of serum PEG-ASP activity were assessed with

the MAAT (Medac Asparaginase-Activity-Test) kit, a
quantitative enzyme assay. The way the MAAT test
determines PEG-ASP activity is based on the enzymat-
ic hydrolysis of a substrate analogous to asparagine
(provided with the MAAT kit) by asparaginase, fol-
lowed by production of two cleavage products (here
called A and B). The B product forms, in a complex
reaction with a chromogen, a green dye that can be
read by measurement of absorption at 700 nm. The
optical density is measured at 700 nm and a specific
computerized program plots the absorption values
against the activity values, building a cubic spline curve.
The activity values corresponding to the optical densi-
ty values of the samples can be read from the calibra-
tion curve. The lower limit of quantitation of the
MAAT is 30 U/L.

Determination of serum and CSF asparagine levels
Asparagine levels in serum and CSF were measured

using a high performance liquid chromatography tech-

nique after pre-column derivatization with o-phthal-
dialdeide as described by Turnell and Cooper.15 The
lower limit of detection was ≤0.2 µM for both serum
and CSF. Serum and CSF samples were all analyzed in
a single laboratory (Mario Negri Institute for
Pharmacological Researches) by two of the investiga-
tors (M.C. and M.Z.). 

Results

Twenty children, 11 males and 9 females aged 2-16
years (mean 9.7), consecutively diagnosed (April 2002 –
December 2002) with ALL in our center and eligible for
the AIEOP ALL 2000 protocol were investigated in the
present study (Table 1). Based on the planned stratifica-
tion criteria, the 20 patients were stratified into stan-
dard risk (n=7), intermediate risk (n=12) and high risk
(n=1). All patients received at least the two PEG-ASP
doses planned to be administered during induction.
Two out of the initial 20 patients developed cerebral
sinus thrombosis during the induction phase and were
consequently considered off study (i.e. they did not
receive any further PEG-ASP dose or other ASP prod-
ucts). One of these patients died three months later
because of fatal sepsis which occurred in a phase of
severe neutropenia and was thus not related to the use
of the study drug. The high risk patient underwent
bone marrow transplantation in first complete remis-
sion and did not receive any blocks or protocol II or III.

Figure 2. Plasma: asparaginase (ASP) activity
levels* (L) vs asparagine (ASN) levels* (G)
during the first exposure (induction, phase IA)
to PEG-ASP (given on days 12 and 27).
*mean ± SD

Figure 3. Plasma: asparaginase (ASP) activity
levels*(L) vs asparagine (ASN) levels* (G)
during the second exposure (reinduction, pro-
tocols II or III) to PEG-ASP (considered to
given conventionally given on day 1). *mean
± SD. 
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Two additional patients were not evaluated for further
exposure to the drug because they mistakenly received
the native E. coli ASP product instead of the PEG-ASP.
At the time of the present report 17 patients are alive,
15 of them are in continuous first complete remission
and two are in second complete remission. The phar-
macological data reported in the following sections rep-
resent a meaningful subset of the whole amount of
available data regarding the sampling points planned in
the pharmacokinetic and pharmacodynamic monitor-
ing; all the remaining values obtained from all sampling
points are reported as mean ± SD values in Figures 2-4.

Asparaginase activity in serum
First exposure. Two hundred and thirty-two serum

samples were obtained and analyzed from the 20
patients (mean number of serum samples per patient =
11). The peak ASP activity in serum samples measured
2 hours after the end of the first PEG-ASP infusion on
day 12 was (mean±SD) 590±304 U/L. The levels were
451±217 U/L on day 18 and 213±154 U/L on day 27,

just before the second dose of the drug. The peak
serum activity measured 2 hours after the end of the
second PEG-ASP infusion on day 27 was 794±327 U/L,
slightly declining to 638±264 U/L on day 33, to
560±317 U/L on day 39 and to 218±117 U/L on day 45,
i.e. 18 days after the second dose of PEG-ASP (Figure 2).
Among the cohort of the 20 investigated patients,
18/18, 11/11 and 15/18 for whom samples were avail-
able on days 22, 25, and 27, respectively, had serum
ASP activity ≥100 U/L. The three patients who did not
achieve the level of ≥100 U/L on day 27 had ASP activ-
ity values of 90.6, 93.6 and 85.7 U/L. After the second
dose (day 27) 16/16, 12/15 and 5/8 samples available on
days 36, 39 and 45, respectively, had serum ASP activi-
ty ≥100 U/L. The three patients who did not achieve
the level of 100 U/L on day 39 had values of 89.6, 76.3
and 31.9 U/L, while the three who did not have ASP
activity ≥ 100U/L on day 45 had values of 73.7, 86.1
and 87.3 U/L. 

Second exposure. During this phase, considering the 15
investigated patients, 141 serum samples were

Table 1. Presenting features, treatment response, risk group assignment and current status of the 20 ALL children treated with PEG-ASP.

Initials Sex Age WBC/ Hb Platelets Immuno- Prednisone Risk Status
(years) mm3 g/dL mm3 phenotype response group

V.D. M 3 6,700 7.7 52,000 Common Good Intermediate Alive in 2nd CR
Y.S. F 5 2,600 6.3 163,000 pre-B Good Intermediate Alive in 1st CR 
G.F. M 6 7,200 9.4 32,000 Common Good Intermediate Alive in 1st CR
C.F. M 5 14,020 10.5 210,000 Common Good Intermediate Dead in 1st CR
L.L. M 3 16,540 7.3 22,000 Common Good Intermediate Alive in 2nd CR
M.G. M 7 8,690 8.9 61,000 pre-B Good Intermediate Alive in 1st CR
A.A. M 3 22,000 5.1 18,000 Common Good Standard Alive in 1st CR
A.C. F 3 10,300 4.7 12,000 Common Good Intermediate Alive in 1st CR
R.P.A F 2 19,420 4.3 30,000 Common Good Intermediate Dead in 1st CR
Z.A. M 12 180,000 6.6 25,000 T Good Standard Alive in 1st CR
F.C. M 16 193,000 9.9 34,000 Common Good Intermediate Alive in 1st CR
G.L. M 6 4,700 11.6 47,000 pre-B Good Standard Alive in 1st CR
V.F. F 13 2,700 9.8 43,000 Common Good Intermediate Alive in 1st CR
P.V. F 10 11,870 5.6 22,000 pre-B Good Intermediate Alive in 1st CR
P.A. F 15 4,750 6.0 33,000 Common Good Intermediate Alive in 1st CR
B.E. F 4 13,900 10.1 161,000 pre-B Good Standard Alive in 1st CR
F.M. M 16 13,690 6.1 25,000 pre-B Poor High Dead after BMT
A.A. M 4 7,890 5.0 8,000 Common Good Standard Alive in 1st CR
M.C. F 6 8,900 13.0 186,000 pre-B Good Standard Alive in 1st CR
B.M. F 2 45,590 11.1 43,000 Common Good Standard Alive in 1st CR
Mean Value 7.05 29,723 7.95 61,350

WBC: white blood cell count; Hb: hemoglobin; BMT: bone marrow transplantation.

Figure 4. First exposure. Plasma asparagi-
nase (ASP) activity levels*(L) vs cere-
brospinal fluid (CSF) asparagine (ASN) levels*
(G) during the first exposure (induction, phase
IA) to PEG-ASP (given on days 12 and 27). 
*mean ± SD. 
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obtained and analyzed (mean number of serum sam-
ples per patient=5). Asparaginase activity in serum, 2
hours after the single PEG-ASP infusion, was
(mean±SD) 683±195 U/L, declined to 429±183 U/L,
213±119 U/L, 194±82 U/L and to 27±20 U/L 11, 15, 18
and 23 days later, respectively (Figure 3). Among this
cohort of 15 investigated patients, serum ASP levels
were ≥100 U/L in 14/15, 11/14, 6/10 and 0/12 samples
available on days 11, 15, 18 and 23, respectively.
Samples available on days 11, 15, 18 and 23 of one
patient only displayed undetectable serum ASP activity
suggesting the occurrence of silent inactivation. The
two additional patients who displayed ASP activity lev-
els < 100 U/L on day 15 had ASP activity levels of 29.1
and 32.6 U/L. On day 18 the three additional patients
with ASP activity levels < 100 U/L had levels of 86.8
U/L (one patient) and < 30 U/L (two patients). On day
23 the additional 11 patients had ASP activity levels
≥30 and <70 U/L (eight patients) and < 30 U/L (three
patients). 

Third exposure. Six patients underwent a third expo-
sure and 32 samples were available for pharmacologi-
cal analysis. On day 11, after the PEG-ASP administra-
tion, all these 5 patients had one sample available for
ASP activity testing and all of them had serum ASP
activity levels ≥100 U/L. On day 15, 4/5 patients had
one sample available and in all ASP activity level was
≥100 U/L. No additional samples were available for any
of these patients on days 18 and 23.

Serum asparagine levels
Before the first PEG-ASP administration (induction

phase IA), baseline asparagine serum levels were
(means±SD) 87.3 59.42±23 µM, which were consid-
ered within normal values.15,16

First exposure. Immediately (i.e. 2 hours) after the first
PEG-ASP administration, serum asparagine levels
declined below the limit of detection (≤0.2 µM) in all
samples from all patients and were still undetectable on
day 27, thus before the infusion of the second PEG-ASP
dose (i.e. 15 days after the first dose), even in the 3/18
patients with ASP activity levels < 100 and > 85 U/L.
Asparagine levels remained undetectable in all samples
of all investigated patients after the second dose until
day 45 (i.e. 18 days after the second dose) also in the
3/15 and 3/8 patients who had ASP levels < 100 and >
30 U/L on day 39 and < 100 and > 73 U/L on day 45,
respectively (Figure 2). 

Second exposure. Samples and patients: a similar pat-
tern was observed during the second exposure: the
baseline serum asparagine level before PEG-ASP
administration was (mean±SD) 49±29 µM, while two
hours after the PEG-ASP infusion serum asparagine
was undetectable and remained under the limit of
detection until day 11 for 14 out of the 15 evaluated
patients (Figure 3). In one patient only, out of the 15
evaluated in this phase, did the serum asparagine con-
centration, after dropping below the limit of detection
during the first week after PEG-ASP administration,
promptly return to normal values on day +11 and
remained normal also on the subsequent days 15, 18
and 23. In this patient, as pointed out in the previous

section regarding serum ASP activity levels, an early
and rapid decline of serum ASP activity was observed
concomitantly with the rise in asparagine levels.
Asparagine levels were below the detection limit not
only in all patients with ASP activity levels ≥100 U/L at
any time point but also in the 2, 3 and 12 patients with
ASP activity levels < 100 U/L on days 15, 18 and 23,
respectively. Complete asparagine depletion was also
observed in the available samples on days 11 and 15
from the five patients who underwent a third exposure
(i.e. a second reinduction phase) to the study drug.

Cerebrospinal fluid asparagine levels
During the induction phase, 62 CSF samples were

obtained from the 20 investigated patients (mean num-
ber of samples per patient=3). Before the first PEG-ASP
dose, i.e. at disease onset (day 1), the CSF asparagine
level was 4.84 ± 2.05 µM (range 3.01-8.88 µM), which
can be considered within the normal range of values.17,18

The CSF concentrations of asparagine measured on
days 15 (3 days after the first PEG-ASP dose),29,38 and 52
(i.e. 2, 11 and 25 days after the second PEG-ASP dose)
were 1.27±0.92 µM, 1.08±0.93 µM, 2.6±2.14 and
3.71±2.53, respectively. In particular, on days 15, 29 and
38 of this phase, CSF samples were available for 17, 10
and 10 patients, respectively, with CSF asparagine lev-
els below the detection limit (≤0.2 µM) in 4/17, 1/10
and 1/10 samples/patients (Figure 4). During the rein-
duction phase (second exposure), as reported above, 15
out of the 20 patients were investigated and ten CSF
samples were obtained. CSF samples were obtained on
day 38 from five patients treated with protocol II and
on day +16 from five patients treated with protocol III.
Asparagine levels in the CSF were below the detection
limit in only 2/10 samples/patients, both of which were
studied on day 16 (protocol III). Among the five
patients (all treated with protocol III) who underwent a
third exposure to the drug (i.e. a second reinduction
phase) only three CSF samples were available, with one
of them being not depleted.

Treatment burden, toxicity and adverse events
To evaluate the clinical impact of the use of PEG-ASP

in our study patients (n=20) we performed a compari-
son with a cohort of 37 patients diagnosed in our cen-
ter immediately before the PEG-ASP study was started
and who were enrolled in the same AIEOP ALL 2000
study. These 37 patients were thus treated with the
same chemotherapy schedule but received the native
ASP product instead of the PEG-ASP product. The com-
parison was based on the following parameters: (i)
duration of induction (phases IA and IB): the mean
(±SD) duration (in days) of phases IA (expected 33
days) and IB (expected 45 days) in the study group vs
the historical control group were, respectively: 34.8
(±3.9) vs 35.7 (±4.9) and 53.8 (±7.4) vs 55.9 (±7.5) days;
(ii) treatment burden in induction (phases IA and IB):
the mean number of days of hospital admission, i.v.
antibiotic and antifungal treatment, central venous line
placement and the mean number of packed red blood
cells and platelet transfusions, in the study group vs the
historical control group, were, respectively: in phase IA
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13.5 vs 14.7, 4.4 vs 5.8, 0 vs 0.6, 3.1 vs 3.1, and 5.6 vs
4.0 and in phase IB 4.4 vs 5.8, 2.0 vs 3.7, 0 vs 0.4, 3.9 vs
3.5 and 0.4 vs 1.0; (iii) clinical complications: the clini-
cal complications observed during induction (phase IA)
and/or reinduction (i.e. protocol II or III) in the study
group (n=20) vs the historical control group (n=37)
were, respectively: fever of unknown origin during
neutropenia: 8 vs 15; varicella 1 vs 0; bacterial pneumo-
nia 0 vs 1; fungal pneumonia: 0 vs 1; cerebral sinus
thrombosis: 2 vs 1. Neither symptomatic pancreatitis
nor diabetes was encountered among either the histor-
ical group or study patients. The two patients of our
study group who developed cerebral sinus thrombosis
(both during phase IA) underwent specific laboratory
investigations aimed at evaluating the presence of
genetically determined thrombophilic factors. One of
the two patients carried the prothrombin G20210 vari-
ant and the MTHFR TT677 genotype (both these genet-
ic factors have been associated with an increased throm-
botic risk). Of note, coagulation parameters, routinely
evaluated when the two patients presented with the
thrombosis, were within normal values; (iv) WHO
grade III and/or IV episodes of toxicity in induction
(phase IA only) and reinduction phases associated with
PEG-ASP or native ASP products: the number of
patients presenting with at least one episode of toxicity
(as above graded) in the study group (n=20) vs the his-
torical control group (n=37) was, respectively: liver tox-
icity (raised aminotransferases): 2 vs 4 ; glycemia 1 vs 2;
hypofibrinogenemia: 3 vs 7 ; allergic reactions 0 vs 2.

Discussion

PEG-ASP has been marketed since the early 1990s.
Due to its longer half-life (i.e. 5.73±3.24 days), the drug
has been administered at longer intervals (1-2 weeks)
than those used for the native ASP products.8,20-24 Given
its structure and its lower immunogenicity, PEG-ASP
has been traditionally used in patients presenting with
clinical allergy to native products.9,25 Initial data in
relapsed non-allergic children with ALL showed that
PEG-ASP was able to produce, as single drug or in con-
junction with other chemotherapy drugs, therapeutic
effects comparable to those expected with the use of
native products.26 In a subsequent study it was reported
that a weekly PEG-ASP schedule (given at 2,500 U/m2

i.m.) produced superior induction remission rates in
relapsed ALL with respect to a biweekly schedule.22

PEG-ASP was used in front-line schedules in two differ-
ent studies conducted in the USA. In the first study,
Silverman et al. reported similar 5-year event-free sur-
vival rates in children with newly diagnosed ALL ran-
domized to receive either a protracted schedule of PEG-
ASP (biweekly 2,500 U/m2 i.m. for 15 doses) or high
dose native E. coli ASP (25,000 U/m2 i.m. weekly for 30
weeks).11 The results of the second randomized study
(CCG study 1962) showed that both the efficacy of
PEG-ASP (1 single dose of 2,500 U/m2 i.m.) and native E.
coli ASP (3 weekly doses of 6,000 U/m2 i.m. for 3 weeks)
in standard risk ALL children and the toxicity profiles of
the two products were very similar; in addition, PEG-

ASP was able to induce more persistent ASP activity and
a faster rate of complete hematologic remission.10 Most
of the studies performed in Europe with PEG-ASP have
been conducted in the frame of BFM ALL frontline or
relapsed protocols.12,27-29 One study was performed with-
in the ALL BFM 95 protocol to determine whether one
single dose (1,000 U/m2 i.v.) of Medac Oncaspar® admin-
istered during reinduction (protocol II, second exposure
to ASP) could reduce the 30% rate of clinical allergic
reactions expected to happen in that phase with the use
of the native E. coli ASP. The study also sought to main-
tain the target ASP activity levels of ≥100 U/L (and thus
adequate serum asparagine depletion) for 2 weeks and
≥50 U/L for 3 weeks (thus comparable to those obtained
with four doses of the native E. coli ASP product given at
a dose of 10,000 U/m2). No allergic reactions were
observed during the reinduction phase (protocol II)
among the 66 investigated children but the target ASP
activity level of ≥100 U/L was maintained for 14 days in
only about 70% of the patients, with a rapid decline of
ASP activity levels after 14 days in about 30% of
patients, most probably because of the onset of silent
inactivation.12

Our study was designed to evaluate the pharmacoki-
netic and pharmacodynamic behavior of PEG-ASP
given at the dosage of 1,000 U/m2 in the induction and
reinduction phases of a BFM-based treatment to evalu-
ate whether this schedule could provide comparable
treatment intensity to that of the native E. coli ASP prod-
uct and avoid the early and fast fall of plasma enzymat-
ic activity (silent inactivation) observed by Müller et al.12 In
our study, serum ASP activity levels were monitored
during induction (protocol I) for 15 days after the first
dose (days 12→27), for 18 days after the second dose
(days 27→45) and during reinduction (protocols II or III)
for 23 days (days 1→23) to evaluate the activity time-
course of the schedule adopted. In order to evaluate
whether our patients had received a treatment intensity
comparable to that provided by a treatment schedule
including the native E. coli ASP product, we compared
data derived from pharmacokinetic monitoring on the
use of the native E. coli ASP given in induction (protocol
I) of the BFM ALL 90 study at the dosage of 5,000 U/m2

i.v. every 3 days×8 (this schedule is currently used in the
front-line induction treatment of the AIEOP ALL 2000
study). Mean trough enzyme activities (measured before
the next ASP dose, given every 3 days) averaged
270±109 U/L (median 265 U/L, range 85-552 U/L) with
95.9% of samples completely (i.e.≤0.1 µM) and 4.1%
almost completely (>0.1 and ≤0.5 µM) depleted of plas-
ma asparagine, with this depletion persisting for 9 addi-
tional days (i.e. until day 42) after the last dose (day 33).29

In our study ASP activity levels were ≥100 U/L during
induction at almost every sampling point, with the
exception of samples from three patients on days 27, 39
and 45; although ASP activity levels in these 9 samples
were below 100 U/L, they were > 70 U/L in eight
patients and 31.9 U/L in only one case. Interestingly the
plasma asparagine levels were below the detection limit
(i.e. ≤0.2 µM) in all samples. During reinduction (second
exposure) one dose (1,000 U/m2 i.v.) of PEG-ASP was
used in our study at the same dosage as that used in
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induction to substitute four doses of the native E. coli
ASP given at the dosage of 10,000 U/m2 i.v. every 3-4
days. ASP activity levels were above the targeted 100
U/L in almost all patients for the first 2 weeks with one
patient only displaying silent inactivation from day 11.
On day 18 most of the patients still had ASP activity lev-
els ≥100 U/L. Of note, serum asparagine levels were
below the limit of detection of 0.2 µM in all patients,
even in the small number of patients with ASP activity
levels below 100 U/L. The only exception was the sam-
ples obtained from the patient who displayed the phe-
nomenon of silent inactivation. These findings are very
similar to those reported in children with ALL treated in
the reinduction phase (i.e. protocol II) of the BFM ALL
90 study with the native E. coli ASP product given at the
dose of 10,000 IU/m2 i.v. every 3-4 days x 4.18 In that
report trough ASP activity levels (measured every 3 days
immediately before the next dose) were ≥100 IU/L in
almost all samples (mean 542±243 U/L, median 328
U/L), with 90.7% of the samples showing complete (i.e.
≤0.1 µM) and 9.3% almost complete (>0.1 and ≤0.5 µM)
plasma asparagine depletion.18

Our study shows that the PEG-ASP time-schedule
used (two doses given intravenously at a dose of 1,000
U/m2 every 2 weeks in induction and one dose only
given at the same dosage during reinduction) was ade-
quate to replace the native E. coli ASP schedule current-
ly used in the AIEOP ALL 2000 study. From this study,
it can also be concluded that a second exposure to PEG-
ASP, after a first exposure with the same product,
almost completely prevents the onset of the silent inac-
tivation phenomenon expected to happen in over 30%
of patients.12 This favorable drug profile is most likely
due to the reduced immunogenicity of PEG-ASP, which
could have reduced, since the first exposure, the amount
of foreign bacterial protein offered to the immune sys-
tem for the production of neutralizing antibodies
against the native product.10 The finding that asparagine
levels were below the limit of detection even when ASP
activity levels were occasionally <100 U/L confirms the
suggestion of our previous reports that the lack of
achievement of ASP levels <100 U/L does not necessar-
ily imply that adequate serum asparagine depletion is
not obtained.24

Several groups have reported that adequate CSF
asparagine depletion (< 0.2 µM) can be obtained with
serum native ASP activity values ≥100 U/L18,30-33 In this
regard, Riccardi et al. suggested that ASP activity in the
CSF never exceeds 0.2% of the serum ASP activity.34 In
one pharmacological study performed in The
Netherlands in the frame of the DCLSG-ALL-9 trial, a
single dose of Oncaspar® Medac (1,000 U/m2, i.v.) given
5 days before the start of induction chemotherapy (win-
dow study) was able to produce serum ASP activity lev-
els >100 U/L and serum asparagine levels < 0.2 µM for
at least 10 days in all the investigated patients. However,
asparagine depletion (< 0.2 µM) was not achieved in the
CSF either 5 or 19 days after drug administration.35

Furthermore, in a study reported by Avramis et al., in
which PEG-ASP was given at a different dosage and by
a different route of administration, inadequate
asparagine depletion occurred in the CSF despite pro-

longed adequate levels of serum ASP activity.10 Our
study showed similar results. In fact, even with persist-
ently high levels of ASP activity and adequate
asparagine depletion in the serum, asparagine was not
depleted from the CSF in the vast majority of patients;
this finding challenges the opinion that asparagine
depletion in the CSF during ASP treatment is mainly due
to an exchange between the two compartments, serum
and CSF. One possible explanation for the lack of
asparagine depletion in CSF may be that PEG-ASP, due
to its high molecular weight, does not cross, even in the
very small amounts postulated by Riccardi et al.,34 the
blood-brain barrier. It is not yet known whether this
lack of depletion of asparagine in CSF could have an
impact on protection from CNS relapses; modern
chemotherapy treatment strategies in fact provide effec-
tive prevention of CNS relapses with prolonged
intrathecal chemotherapy, high dose methotrexate or, in
selected cases, cranial radiotherapy. The role of a single
drug is difficult to assess in such a context.

In order to compare the clinical impact of PEG-ASP in
the study patients (n=20), data on the duration of treat-
ment phases, treatment burden, toxicity episodes and
relevant clinical complications were collected on the
cohort of 37 ALL children diagnosed in our institution
immediately before the PEG-ASP study was started;
these patients received the same chemotherapy treat-
ment (AIEOP ALL 2000) but the ASP product was the
native E. coli ASP instead of the PEG-ASP. This compar-
ison suggests that the clinical impact of PEG-ASP in the
cohort of study patients was similar to that observed in
children receiving the native E. coli ASP product. Two
cerebral thromboses were observed among the study
patients (compared with one in the historical group);
one of these two patients carried two genetic anomalies
(the prothrombin G20210 variant + the MTHFR TT677
genotype) which have been shown to be strongly asso-
ciated with thrombosis in children with ALL.36 The issue
of the thrombotic events occurring during chemothera-
py treatment (including ASP and steroids) in children
with ALL has been carefully evaluated by several inves-
tigators.5,36-41 In some reports, the incidence of thrombot-
ic events was higher than 10% with a significantly
increased risk among children with central venous lines
and/or with a genetic predisposition.36,37 The small num-
ber of patients evaluated in our study does not allow
definite conclusions to be drawn on this aspect.
However, the analysis of the data available in the litera-
ture on the use of PEG-ASP, either as a first-line or sec-
ond-line ASP product, in larger numbers of patients
shows that the rate of thrombotic episodes associated
with PEG-ASP is equivalent to that reported with the
use of the native E. coli ASP product.10,22,26,35,42,43 

In our study no patient had any clinically relevant
allergic reaction. The rate of allergic reactions in the his-
torical group was 5% (2 out of 37 patients). However,
the incidence of allergic reactions is much higher when
the drug is given intravenously. The rate of allergic reac-
tions reported by the BFM group, which administered
the drug intravenously (chemotherapy schedule similar
to the AIEOP ALL 2000 protocol and the same native E.
coli ASP product given at the same dosage) is comprised
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between 25 and 39%.5,18

In conclusion, PEG-ASP given at the dose and time-
schedule used in this study was able to effectively sub-
stitute, during multiple exposures to the drug, the native
ASP product in terms of serum activity levels and
asparagine depletion, to fully abolish clinically overt
allergic reactions and to prevent almost completely the
phenomenon of immunologically mediated silent inac-
tivation. In addition, patients benefited from requiring
fewer injections than necessary with the native prepara-
tions. The lack of adequate asparagine depletion in CSF

confirmed preliminary information already reported; its
impact on protecting the CNS from local relapses still
remains uncertain and warrants further investigations.
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