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Asparaginase (ASNase) has become one of the key com-
ponents in the treatment of acute lymphoblastic leuke-
mia (ALL) by exploiting the inability of leukemic cells 
to synthesize the otherwise nonessential amino acid 

asparagine.1,2 Currently, 3 ASNase products are commercially 
available: The original native Escherichia coli (E. coli) enzyme, 
the polyethylene glycol-conjugated E. coli product (PEG-L-
asparaginase [PEG-ASNase]) with a longer half-life and reduced 
immunogenicity, and a structurally different product derived 
from Erwinia chrysanthemi (Erwinase). Among a wide range of 
ASNase-related toxicities, hypersensitivity reaction (HSR) is the 
main reason for limiting its use and requires replacement with 
alternative ASNase preparations. The incidence of clinical HSR 
to ASNase varies with the type of ASNase product, its treatment 
schedule, and route of administration.3–10

We report a retrospective study evaluating the incidence of 
clinically evident HSR to ASNase in the ALL-Berlin/Frankfurt/
Münster (BFM) 2000 study using ASNase in a complex mul-
tiagent treatment protocol. ALL-BFM 2000 was part of the 
Associazione Italiana di Ematologia e Oncologia Pediatrica 
(AIEOP)-BFM ALL 2000 cooperative trial (registered at http://
clinicaltrials.gov as NCT00430118 for BFM [Germany, Austria, 
and Switzerland]).11,12 In ALL-BFM 2000, native E. coli ASNase 
(medac, GmbH) was administered intravenously (IV) as first-
line product during induction and reinduction, and in the high-
risk (HR) arm during intensified consolidation, resulting in a 
postinduction ASNase-free interval of ~16 weeks for standard 
risk (SR) and medium risk (MR) patients, and 6 weeks for HR 
patients (Figure  1). PEG-ASNase (Oncaspar, IV) or Erwinase 
(intramuscular) was used as second- or third-line product after 
HSR to native E. coli ASNase or the respective second-line prod-
uct (Figure 1). Details of the trial AIEOP-BFM ALL 2000 have 
been published earlier.11,12

ASNase-related HSR was not systematically captured in ALL-
BFM 2000. Data for the present study were collected retrospec-
tively in 2162 patients with newly diagnosed ALL (≥1 to <18 
years of age) consecutively enrolled in Germany or Switzerland 
between August 1999 and March 2005. Patients were included 
if documentation of induction protocol IA plus at least the fol-
lowing ASNase-containing therapy phase was available and 
native E. coli ASNase was used as first-line ASNase product. 
Patients who changed the ASNase product or discontinued 
ASNase early were identified through regular chemotherapy 
documentation, and patient records were reviewed to identify 
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those with treatment changes due to ASNase-related HSR. Due 
to the retrospective nature of the analysis, specific criteria to 
define HSR or its severity could not be applied. The diagnosis 
of HSR was, therefore, based on the clinical judgement of the 
treating physician. Patients who switched to PEG-ASNase or 
Erwinase for unknown reasons or for reasons other than HSR 
were retained in the analysis.

Of the 1207 patients who met the inclusion criteria (Suppl. 
Table S1), 492 patients were identified with ASNase product 
change or discontinuation in the consequence of HSR to first-
line native E. coli ASNase (Suppl. Figure S1, Suppl. Table S2) 
with a 1-year cumulative incidence (CI) of HSR of 42.3% (stan-
dard error [SE] 1.5%) (Suppl. Figure S2A). It is likely that these 
reactions diagnosed as allergy included some allergic-like reac-
tions because ASNase activity level measurements, which would 
allow differentiation from allergy,17 were not systematically per-
formed in ALL-BFM 2000. The HSR incidence was particularly 

high in the HR group, reaching a CI of 65.2% (SE 3.8%). CI 
in non-HR patients was 40.6% (SE 2.5%) in SR and 37.0% 
(SE 1.9%) in MR (Suppl. Figure S2B) with the vast majority 
of reactions occurring on re-exposure in reinduction (Figure 1; 
Suppl. Figure S3). Although our data suggest that an ASNase 
schedule with repetitive ASNase doses (as in the HR intensi-
fied consolidation regimen) and a long ASNase-free interval3 
(as in the non-HR branch) produce high incidence of HSR, it 
is remarkable that only very few HSR to the first-line product 
occurred in the late phases of treatment. This was evident in the 
MR-1 arm with only 3 HSR in 135 patients in the second pro-
tocol III, and – although in a small number of patients – it can 
also be suspected in the HR arm (Figure 1; Suppl. Figure S3). A 
similar effect was observed in the DCOG ALL-10 study18 and 
also in our AIEOP-BFM ALL 2009 trial with a 20-week phase 
with IV PEG-ASNase during reinduction/maintenance and the 
vast majority of clinical HSR presenting to the first 2 doses in 

Figure 1. Outline of the ALL-BFM 2000 protocol including the randomized studies (R1–4) with incidences of hypersensitivity reactions (HSR) to 
native E. coli ASNase. Native E. coli ASNase product (medac, GmbH) was administered IV as 1-h infusion per dose during induction protocol IA (5000 IU/m2/
dose every 3 d for a total of 8 doses starting on day 12), protocol III (10,000 IU/m2/dose twice a week for 4 doses, starting on day 1), protocol II (10,000 IU/m2/
dose twice a week for 4 doses starting on day 8), and HR blocks (25,000 IU/m2/dose either on day 6 [before July 2000] or on days 6 and 11 [after amendment 
on July 1, 2000] of each block). In the case of an HSR to the native E. coli ASNase product, the administration of PEG-ASNase (Oncaspar, 1000 IU/m²/dose IV, 
1 dose replacing a 2-week phase of native E. coli ASNase) or Erwinase (10,000 U/m²/dose IM, every 2 d) was recommended for the remaining time scheduled 
for ASNase therapy. In case of further HSR, it was recommended to switch to the respective other substitute product. The study included 4 randomized ques-
tions. (1) All patients: either prednisone at 60 mg/m2/day or dexamethasone at 10 mg/m2/day for 3 weeks plus 9-day tapering phase (randomization R1) during 
induction protocol IA after a 7-d prednisone prephase.13 (2) SR patients: either reinduction protocol III (branch SR-1) or protocol II (branch SR-2) (randomization 
R2).14 (3) MR patients: either reinduction protocol III twice (branch MR-1) or protocol II (branch MR-2) (randomization R3).15 (4) HR patients of BFM countries 
were randomized to receive either 3 HR blocks (HR-3’, HR-2’, and HR-1’) plus 3 times protocol III (branch HR-1) or 6 HR blocks (HR-1’, HR-2’, HR-3’, HR-1’, 
HR-2’, HR-3’) plus protocol II (branch HR-2) during postconsolidation phases (randomization R4).16 ASNase doses are indicated as red arrows. Percentages 
represent the cumulative incidence of HSR per ASNase-containing treatment phase, calculated for all patients treated in the respective treatment arm and 
including randomized and nonrandomized patients. The number of patients under observation at the start of the respective treatment phases can be found in 
Suppl. Figure S3. alloHSCT = allogeneic hematopoietic stem cell transplantation; Escherichia coli = E. coli; HR = high-risk; IA-P/D = protocol IA with either prednisone or dexamethasone; IB 
= protocol IB; II = protocol II; III = protocol III; IM = interim maintenance therapy; M = protocol M; MR = medium risk; MT = maintenance therapy; SR = standard risk. 
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reinduction.19 These observations suggest that either sensitiza-
tion or peripheral immune tolerance to ASNase is determined 
already early after initial antigen exposure. Patients sensitized to 
ASNase would, therefore, usually develop HSR within a certain 
period of time while those who were able to achieve peripheral 
immune tolerance would usually tolerate repeated doses.

ALL-BFM 2000 included 4 randomized questions (Figure 1). 
Randomization R1 compared dexamethasone and prednisone 
in induction protocol IA.13 Incidence of HSR was significantly 
higher in dexamethasone-treated versus prednisone-treated 
patients in SR and MR (CI of HSR: SR/Pred 32.3% [SE 3.7%], 
SR/Dexa 48.5% [SE 4.3%], P = 0.007; MR/Pred 31.5% [SE 
2.9%], MR/Dexa 45.9% [SE 3.2%], P < 0.001) (Figure  2), 
whereas no difference was observed in HR (HR/Pred 64.0 % 
[SE 6.2%], HR/Dexa 64.0% [SE 6.2%], P = 0.59) (Figure 2). 
This observation provides interesting insights into possible 
immunological processes following ASNase exposure during 
glucocorticoid therapy. Glucocorticoids have various effects on 
regulatory T cells (Treg), which play a key role in immune toler-
ance (reviewed in Cari et al20). In the phase of first exposure to 
an antigen, glucocorticoids lead to a decrease of Treg cells and 
may consequently be able to prevent immune tolerance and pro-
mote allergic sensitization.20 This was shown in various animal 
models of allergic asthma and rhinitis, but might be transferable 
to our study in which the patients were exposed to glucocor-
ticoids during the phase of potential sensitization to ASNase. 
We hypothesize that this immunomodulatory effect varies 
depending on the type of glucocorticoid leading to the different 
incidence of HSR observed in dexamethasone-treated or pred-
nisone-treated non-HR patients. In HR, where we found only a 
shift toward earlier presentation of HSR in the dexamethasone 
arm, other specific effects of HR therapy may override the dif-
ferential effects of the induction glucocorticoids.

No difference in the incidence of HSR was seen between 
the R2 and R3 randomization arms in non-HR patients14,15 
(Figure 1; Suppl. Figure S4A) demonstrating that the dexameth-
asone prephase in the standard-of-care reinduction protocol II 
had no protective effect on HSR. In the R4 randomization in the 
HR group, we saw a borderline significant higher incidence of 
HSR in the standard-of-care arm HR-2 (71.6% versus 56.0%, 
P = 0.08; Suppl. Figure S4B). This was exclusively due to a 
twice as high HSR incidence in the second HR block (Figure 1; 
Suppl. Figure S3D), which was identical (HR-2’) in both arms. 

The therapy up to this point differed only in the type of the 
preceding HR block, which was HR-1’ in the standard-of-care 
and HR-3’ in the experimental arm,16 suggesting that the differ-
ence may be due to the different chemotherapy of these previous 
blocks. Interestingly, also in our succeeding AIEOP-BFM ALL 
2009 study (HR blocks administered in the order HR-1’, HR-2’, 
and HR-3’), the incidence of HSR was almost twice as high in 
HR-2’ compared with HR-1’.19 An effect of cytotoxic therapy 
on immunoregulatory T cells is quite conceivable and has been 
experimentally demonstrated by others.21

Overall, 6.3% of our patient cohort did not receive all pre-
scribed ASNase doses (details in Suppl. Figure S1). Our data 
did not indicate a disadvantage of incomplete ASNase therapy 
in terms of event-free survival (EFS) or cumulative incidence of 
relapse (CIR), neither in the non-HR nor in the HR patients 
(ASNase discontinued versus complete: 5-year pEFS, non-HR: 
87% [SE 6%] versus 89% [SE 1%], P = 0.89; HR: 63% [SE 8%] 
versus 66% [SE 4%], P = 0.83; 5-year CIR, non-HR: 12.5% 
[SE 6.0%] versus 9.2% [SE 0.9%], P = 0.76; HR: 22.2% [SE 
6.6%] versus 23.7% [SE 3.8%], P = 0.69) (Suppl. Figure S5A-
D). This is in contrast to the results of others who have demon-
strated that early discontinuation of ASNase adversely effects 
leukemia outcome.22–24 However, these apparent discrepancies 
may, at least in part, reflect varying importance of ASNase in 
different chemotherapy regimens. Following this, the particu-
larly intensive BFM HR regimen may be able to compensate 
for omitted ASNase doses. In the NOPHO ALL 2008 study, 
the authors were only able to demonstrate a significant adverse 
effect of suboptimal ASNase therapy after including patients 
with silent inactivation.22 As no systematic measurements of 
ASNase enzyme activity were performed in our study, we were 
not able to evaluate the contribution of silent inactivation to 
suboptimal ASNase therapy.

The finding of the exceptionally high incidence of HSR to 
ASNase in the ALL-BFM 2000 study led to a change in the 
ASNase regimen in the subsequent trial AIEOP-BFM ALL 2009 
using PEG-ASNase as first-line product.19 The observations in 
this retrospective study have generated new ideas and hypoth-
eses about the pathogenesis of HSR to ASNase. These may 
also apply to the therapy with the now more widely used PEG-
ASNase, although the incidence of HSR has been shown to be 
lower with the pegylated product.7,10,19,24,25 Our hypotheses still 
need supporting evidence, and future studies on the interaction 
of the cellular immune system during chemotherapy may con-
tribute to understanding the complex interactions in order to 
optimize ASNase therapy for ALL.
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