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Abstract Purpose: A case-control study was performed
to determine whether patients who had been treated with
Erwinia asparaginase as part of their treatment for
childhood acute lymphoblastic leukemia (ALL) and who
showed relapsed of their disease more often developed
anti-asparaginase antibodies than patients who remained
in remission. Methods: A group of 13 patients who
showed relapsed of their disease (median follow-up
35 months) were randomly matched with control pa-
tients of the same risk group (two control patients to each
case), who had received therapy of the same intensity
during the same period (median follow-up 70 months).
Anti-Erwinia asparaginase antibodies were measured
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(ELISA method) during maintenance therapy after as-
paraginase treatment (30,000 IU/m? daily for 10 days in
all patients plus twice weekly for 2 weeks in intermediate-
risk and high-risk ALL patients). Results: The overall
incidence of anti-Erwinia asparaginase antibodies was
8% (3 of 39 patients). There was no statistically signifi-
cant difference in the incidence of antibody formation
between patients who had suffered relapse (1 of 13) and
those who had not (2 of 26). In two of the three patients
who developed antibodies, the antibodies disappeared
after some time, whereas one patient had measurable
antibody levels for more than a year after asparaginase
therapy. Conclusions: In this study, the development of
anti- Erwinia asparaginase antibodies was rare and was
unrelated to the risk of relapse.
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Introduction

Asparaginase is part of the multiagent therapy of acute
lymphoblastic leukemia (ALL) [5]. Approximately 30%
of patients have been reported to develop antibodies
against this foreign protein [11]. In some patients anti-
asparaginase antibodies result in hypersensitivity reac-
tions, whereas in others the presence of antibodies does
not result in allergic reactions, but is correlated with rapid
asparaginase clearance (“‘silent antibodies’) [1]. Allergic
reactions usually necessitate discontinuation of aspara-
ginase therapy or a change of preparation. An association
between hypersensitivity reactions, anti-asparaginase
antibodies, and altered pharmacokinetics has been found
in many studies [1, 2, 6, 9]. The presence of neutralizing
antibodies or the withdrawal of subsequent doses after an
allergic reaction could result in an inferior cure rate.
Asselin [1] found that high antibody levels are
correlated with rapid asparaginase clearance and a
significantly lower response rate in relapsed patients,
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whereas Woo et al. [11] found no difference in 4-year
event free survival (EFS) among patients with newly
diagnosed ALL who did and did not develop antibodies,
or among patients who did and did not develop allergic
reactions.

The present study of the relationship between anti-
asparaginase antibodies and relapse was performed as a
case-control study, including patients who had received
Erwinia asparaginase as part of their treatment for ALL.

Patients and methods

Patients were eligible for the study if they: (1) were diagnosed with
non-B cell ALL after 1 January 1992 and entered maintenance
therapy before 1 January 1997; (2) were treated at one of the four
pediatric oncology centers in Denmark; (3) were treated according to
the NOPHO ALL-92 program (Nordic Society for Pediatric Hae-
matology and Oncology, protocol initiated in 1992) [5]; and (4) had a
blood sample taken during the first 6 months of maintenance ther-
apy available for anti- Erwinia asparaginase antibody measurements.

Of 113 patients eligible to enter the study, 13 who had shown
relapse of their disease before 31 December 2000 were included in
this case-control study (cases). The 13 patients included 7 boys and
6 girls comprising three standard-risk (SR) patients (median age
4.2 years, range 3.3-5.6 years; median white blood cell count
(WBC) at diagnosis 4.1x10%/1, range 2.1-6.0x10°/1), seven inter-
mediate-risk (IR) patients (median age 6.2 years, range 3.0-
9.3 years; median WBC 20.0x10%/1, range 10.0-45.0x10°/1), and
three high-risk (HR) patients (median age 5.2 years, range 3.8—
5.2 years; median WBC 121.0x10%/1, range 82.0-399.0x10%/1). All
the relapsed patients were diagnosed with B-lineage disease. The
risk classification (i.e. intensity of therapy) was based on clinical
characteristics at diagnosis (SR were those aged 2.0-9.9 years and
WBC <10x10%/1; IR were those aged 1.0-1.9 years or age 10.0—
14.9 years and/or WBC 10-49x10°/I; and HR were those with
WBC 250><109/1, T cell disease, mediastinal or CNS or testicular or
lymphomatous disease, t(4,11), t(9,22), a day-14 bone marrow with
more than 25% lymphoblasts, or a day-29 bone marrow with more
than 5% lymphoblasts).

The control group of 26 patients (2 per case) was randomly
(computer-based) selected from the remaining 100 patients mat-
ched for risk group. The group included 13 boys and 13 girls
comprising 6 SR patients (median age 3.5 years, range 2.5-
5.5 years; median WBC 6.2x10°/1, range 1.1-9.0x10°/1), 14 IR pa-
tients (median age 5.5 years, range 1.2-15.9 years; median WBC
11.8x10°/1, range 1.7-41.0x10°/1), and 6 HR patients (median age
5.3 years, range 3.5-11.5 years; median WBC 100.0x10°/1, range
80.0-250.0x107/1). Two of the control patients had T-lineage im-
munophenotype and the remaining 24 patients had B-lineage dis-
ease. The included patients were diagnosed with ALL from March
1992 until July 1996. One patient relapsed during maintenance
therapy. At the end of follow-up (31 December 2000) all patients
were off therapy. The median length of follow-up from diagnosis
was 35 months (range 17-79 months) for the relapsed patients and
70 months (range 53-105 months) for the control patients.

Therapy

During the induction phase all newly diagnosed ALL patients re-
ceived Erwinia asparaginase 30,000 IU/m? iv. or i.m. daily for
10 days from day 37 to day 46. All IR and HR patients received a
second course of Erwinia asparaginase treatment during their sec-
ond induction therapy which consisted of 30,000 IU/m? i.v. or i.m.
twice a week for 2 weeks (Mondays and Thursdays) from day 169
to day 179 (IR patients) or from day 232 to day 242 (HR patients).
The NOPHO ALL-92 protocol has been described in detail by
Gustafsson et al. [5].

Anti-Erwinia asparaginase antibodies

During maintenance therapy, plasma samples were measured for
antibodies. The plasma samples had been taken in connection with
the NOPHO ALL-92 study [10], and stored at —70°C. Plasma
samples had been taken at the beginning of maintenance therapy
and then at 3-month intervals during maintenance therapy until
death, relapse, or end of treatment. The plasma sample taken at the
start of maintenance therapy was measured for antibodies. If a
blood sample had not been drawn at this time point, the first
available blood sample was analyzed. For patients who had mea-
surable antibodies, all samples available during maintenance ther-
apy were analyzed.

Determination of anti-Erwinia asparaginase antibodies was
performed at the Department of Pharmacology, University of
Aarhus. The antibodies (IgG type) were measured by an ELISA
method [4, 9]. The detection limit was 1.56 U/ml.

Statistics

Differences in the incidence of antibody formation between the two
groups (cases and controls) were compared using Fisher’s Exact
test. Differences between cases and controls with respect to the
number of days between the last asparaginase dose and the first
measurement of antibodies, median age and median WBC at di-
agnosis, were analyzed using the Mann-Whitney Rank Sum test.

Results

Three patients had measurable antibodies and the re-
maining 36 patients did not (antibody titer below
1.56 U/ml; Table 1). For two of the three patients who
had measurable antibodies, later plasma samples were
available at 3-month intervals for determination of an-
tibodies. Figure 1 shows that the antibodies disappeared
after a few months in one patient (control 8), whereas in
another patient (control 12) the antibody titer remained
high in all five measurements for more than a year. For
the last patient (case 4), only one plasma sample was
available.

None of the SR patients, who had received only one
course of asparaginase, had measurable levels of anti-
bodies during maintenance therapy. Three IR patients
developed antibodies, and none of the HR patients did.

Among the patients who showed relapsed of their
disease, one developed antibodies (1/12, exact 95%
confidence limits 0.21-38.48), and among the control
patients, two developed antibodies (2/26, exact 95%
confidence limits 1.03-27.00; P>0.05; Table 1). The
interval from the last dose of asparaginase to the de-
termination of antibodies was significantly different
(P <0.05) between the cases (median interval 103 days)
and controls (median interval 68 days). Age and WBC
at diagnosis did not differ significantly between cases
and controls.

Discussion

Two previously reported studies deal with the possible
relationship between anti-asparaginase antibody for-
mation and prognosis. Woo et al. [11] performed a study
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Table 1. Anti-Erwinia aspara-

. . . Case/ Gender Age Risk Days after ~ Antibody Relapse (months
gﬁlaizzlaélﬁg;ggé rtilstfircsag? case Control (years) group ASNase titer (U/ml) after celssation
and control patients of therapy)

Case 1 M 33 SR 46 0 2
Case 2 M 5.6 SR 61 0 30
Case 3 M 4.2 SR 82 0 4
Case 4 M 3.0 IR 141 2.1 31
Case 5 F 6.0 IR 74 0 36
Case 6 M 8.7 IR 116 0 56
Case 7 F 9.3 IR 130 0 21
Case 8 F 6.2 IR 70 0 9
Case 9 M 32 IR 207 0 6
Case 10 F 8.3 IR 147 0 Relapse during
maintenance
therapy

Case 11 M 5.2 HR 102 0 11
Case 12 F 5.2 HR 108 0 18
Case 13 F 3.8 HR 103 0 21
Control 1 M 2.5 SR 64 0 -
Control 2 F 2.6 SR 62 0 -
Control 3 F 2.5 SR 46 0 -
Control 4 M 5.5 SR 59 0 -
Control 5 F 4.2 SR 46 0 -
Control 6 M 3.5 SR 68 0 -
Control 7 M 5.5 IR 75 0 -
Control 8 F 14.7 IR 74 12.2 -
Control 9 F 15.9 IR 67 0 -
Control 10 F 1.8 IR 74 0 -
Control 11 F 14.2 IR 74 0 -
Control 12 M 2.5 IR 75 91.3 -
Control 13 F 3.6 IR 46 0 -
Control 14 F 3.6 IR 62 0 -
Control 15 M 5.8 IR 63 0 -
Control 16 F 1.2 IR 53 0 -
Control 17 M 11.3 IR 51 0 -
Control 18 F 4.1 IR 56 0 -
Control 19 M 6.7 IR 60 0 -
Control 20 M 4.7 IR 57 0 -
Control 21 F 8.9 HR 112 0 -
Control 22 M 5.8 HR 113 0 -
Control 23 M 3.5 HR 110 0 -
Control 24 M 5.3 HR 125 0 -
Control 25 M 11.5 HR 112 0 -
Control 26 F 3.6 HR 81 0 -

with the aim of determining the relationship between
anti-E. coli asparaginase antibodies or hypersensitivity
reactions and EFS, and found that EFS did not differ
between patients who did and did not have antibodies.
Similarly, EFS did not differ between patients who did
and did not develop allergic reactions.

Asselin [1] reported that, in a study of patients with
relapsed ALL, 23 patients with high IgG antibody titer
to asparaginase cleared asparaginase more rapidly and
had a significantly poorer response rate (complete and
partial remissions) compared to 14 patients with low
titers (26% vs 64%). All patients had previously received
asparaginase.

In the present study, we found an overall incidence of
antibody formation of 8% (3/39) or 10% (3/30) if the SR
patients were excluded. In a previous prospective study
of Erwinia asparaginase, we found an incidence of 21%
(4/19) for IR and HR patients [9]. Both incidences are
lower than that found by Woo et al. in their study of
E. coli asparaginase (36%) [11]. The lower incidences in

our studies may have been due to (1) the use of Erwinia
asparaginase in the NOPHO protocol, which is thought
to be less immunogenic than the E. coli preparations, (2)
the larger dose (30,000 IU/m? daily for 10 days) com-
pared to other protocols, (3) the simultaneous adminis-
tration of dexamethasone (10 mg/m? per day) during
consolidation, and (4) the interval between the last as-
paraginase dose and the day of measurement (Table 1),
as the antibodies may be cleared during this interval in
some patients.

In our study, we found that none of the SR patients
(cases and controls), who received asparaginase during
the induction phase only, developed antibodies. This
observation is in accordance with the results of a pre-
vious study [9] in which it was found that none of the
patients treated by the NOPHO ALL-92 protocol de-
veloped antibodies during induction therapy (the first
exposure to asparaginase). Three IR patients (one case
and two controls) developed antibodies, whereas none
of the HR patients had measurable antibodies. Patients
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Fig. 1. The concentration of anti-Erwinia asparaginase antibodies
during maintenance therapy

with a B-lineage immunophenotype have been shown to
be more likely to develop antibodies than patients with
T-lineage ALL [11], explaining a lower incidence of
antibody formation (and in our study its absence) in
HR patients. There was no significant difference in the
incidence of antibody formation between the relapsed
patients and the patients who remained in remission.

For two of the three patients who developed anti-
bodies, blood samples were available at 3-month inter-
vals for determination of the antibody titer one to four
times (Fig. 1) after the initial determination. The titer
had disappeared after one measurement in one patient
(control 8), whereas we observed a continuously high
antibody titer in one patient (control 12). Caver et al. [3]
have reported that patients during treatment for ALL
suffer from a profound abnormality of the B/T lym-
phocyte ratio (B cell lymphopenia and T cell numbers
normal or marginally low and accounting for up to 98%
of the lymphocyte populations). Therefore some patients
may have lost their antibodies during maintenance
therapy.

As a result of previous studies done by our group [7,
8], asparaginase Medac (an E. coli preparation) has been
introduced into the NOPHO 2000 ALL-protocol. Drug
monitoring involving determination of asparaginase
activities and anti-asparaginase antibodies is also part of
the protocol. The measurement of enzyme activities and
antibodies in a large group of patients will make it
possible to determine whether the antibodies are of
clinical importance, that is whether they result in a more
rapid disappearance of the enzyme and thus result in an
inferior treatment outcome.
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