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ABSTRACT

The incidence of hypersensitivity reactions (HSRs) to PEG-asparaginase (PEG-ASNase) was evaluated in 6136 children with ALL
enrolled in the AIEOP-BFM ALL 2009 study. Patients with B-cell precursor-acute lymphoblastic leukemia (BCP-ALL) were stratified as
standard-risk/medium-risk (MR)/high-risk (HR) and those with T-ALL as non-High/HR. PEG-ASNase was administered intravenously at
2500 IU/sgm/dose. All patients received 2 PEG-ASNase doses in induction; thereafter non-HR versus HR patients received 1 versus 6
PEG-ASNase doses, respectively. After the single regular dose of PEG-ASNase at the beginning of delayed intensification, BCP-ALL-MR
patients were randomized to receive 9 additional PEG-ASNase doses every 2 weeks (experimental arm [EA]) versus none (standard
arm [SA]); HR patients were randomized to receive, in consolidation, 4 weekly PEG-ASNase doses (EA) versus none (SA). The HSR
cumulative incidence (Cl) was estimated adjusting for competing risks. An HSR occurred in 472 of 6136 (7.7%) patients. T-non- HR/
BCP-Standard-Risk, BCP-MR-SA, BCP-MR-EA, HR-SA and HR-EA patients had 1-year-CI-HSR (+SE) rates of 5.2% (0.5), 5.2% (0.5),
4.0% (0.8), 20.2% (1.2), and 6.4% (1.3), respectively. The randomized intensification of PEG-ASNase did not significantly impact on HSR
incidence in BCP-MR patients (1-y-CI-HSR 3.8% [0.8] versus 3.2% [0.6] in MR-EA versus MR-SA; P = 0.55), while impacted significantly
in HR patients (1-y-CI-HSR 6.4% [1.3] versus 17.9% [1.8] in HR-EA and HR-SA, respectively; P < 0.001). The CI-HSR was comparable
among non-HR groups and was not increased by a substantial intensification of PEG-ASNase in the BCP-MR-EA group whilst it was
markedly higher in HR-SA than in HR-EA patients, suggesting that, in such a chemotherapy context, a continuous exposure to PEG-

ASNase reduces the risk of developing an HSR.
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INTRODUCTION

Due to its ability to kill leukemic blasts by depleting the serum
from asparagine, asparaginase (ASNase) has become a mainstay
of the chemotherapy treatment for childhood acute lymphoblas-
tic leukemia (ALL) and has contributed to the improved out-
comes observed over the last decades.!

Hypersensitivity reactions (HSRs) represent the most rele-
vant limitation to the completion of any ASNase product treat-
ment plan in the context of study protocols for ALL.>* Several
observations have shown that the ASNase schedule planned in
the treatment protocol is critical in fully exploiting its potential
therapeutic effects leading to better outcomes,”” and the PEG-
ASNase product has progressively replaced the native Escherichia
coli ASNase product in several front-line protocols, trusting that
a reduced incidence of HSR should favor a better treatment com-
pliance.? Patients with HSRs to PEG-ASNase usually may con-
tinue the planned ASNase treatment with the second-line product
derived from the Erwinia chrysanthemi (E. chrysanthemi) strain.
Treatment with any ASNase products may be also interrupted due
to several additional ASNase-associated side effects and compli-
cations and this kind of treatment truncation has been associated
with worse outcomes®!!; also shortages of the E. chrysanthemi
product have occurred recently and have sometimes challenged
the possibility to complete the E. coli-based ASNase treatments.®!!
For these reasons, the reduction of the native E. coli ASNase asso-
ciated-HSR rates has been considered a valuable goal to improve
ASNase treatment completion and patients’ outcome.

The AIEOP-BFM ALL 2009 was an international collabo-
rative trial recruiting children and adolescents with ALL from
June 2009 to February 2017. Instead of the native E. coli
ASNase product used in the previous AIEOP-BFM ALL 2000
protocol,'?!* the PEG-ASNase product was used in the AIEOP-
BFM ALL 2009 study. In addition, 2 randomized questions on
the effects of a PEG-ASNase treatment intensification were also
addressed in medium-risk (MR) and high-risk (HR) patients.

The main aim of the present study was to evaluate and sum-
marize the occurrence and the characteristics of HSRs to PEG-
ASNase according to the different treatment phases, number
of doses, exposures, and the different risk subgroups of the
AIEOP-BFM ALL 20009 trial.

MATERIALS AND METHODS

Patients

Children aged 21 and <18 years old with newly diagnosed Ph-
ALL in participating countries (Australia/New Zealand, Austria,
Czech Republic, Germany, Israel, Italy, and Switzerland) were
enrolled in the ATEOP-BFM ALL 2009 trial between June 01,
2010 and February 28,2017. Out of 6281 patients diagnosed in
this period, 145 were not eligible to the study because of the pre-
vious treatments (n = 49), treatment started according to another
protocol (n = 25), underlying disease not allowing the start of the
treatment according to the protocol (n = 20), ALL occurring as
second neoplasm (n = 13), or other reasons (n = 38). Therefore,
6136 patients were finally considered eligible and treated in
the study. Written informed consent was obtained from their
parents or legal guardians. Inclusion and exclusion criteria are
described in Suppl. Table S1. In this study, ALL patients were
stratified as T-non-high risk (T-non-HR), B-cell precursor (BCP)-
standard risk (SR), BCP-MR and HR (comprising both B and
T ALL) groups according to their presenting biological/clinical
features/response criteria. Stratification criteria and the primary/
secondary study questions of the AIEOP-BFM ALL 2009 study
are reported in Suppl. Tables S2 and S3, respectively.

Treatment overview
Treatment consisted of a multiagent BFM-based back-
bone chemotherapy protocol, including the following phases:
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protocol TA as induction and protocol IB as consolidation in
all patients, 4 high-dose methotrexate cycles for all non-HR
patients or 3 short highly intensive chemotherapy blocks for
HR patients as intensification, and protocol 1I in all non-HR
patients or 3x protocol IIl in HR patients as delayed intensifi-
cation. Continuation phase was delivered until 24 months after
treatment start were reached. The sequence of the different
phases is reported in Suppl. Table S4. The outline of the whole
protocol reporting the sequence of the different phases, with
the doses of PEG-ASNase delivered in the whole protocol study
including those planned in the 2 randomized studies (intensified
use of PEG-ASNase) is shown in Figure 1. To better evaluate the
impact of the number of drug exposures on the HSR rate, a new
exposure to PEG-ASNase was defined as any additional drug
administration (even 1 single dose) occurring after a time inter-
val 24 weeks after the previous one, as already elsewhere pro-
posed.'* The details of the whole treatment schedule planned
in the AIEOP-BFM ALL Study 2009 including the drugs used,
the dosages, the administration routes, the cranial radiotherapy
details, and the eligibility criteria for a stem cell transplantation
are reported in Suppl. Tables S5A and S5B, respectively.

Standard PEG-ASNase treatment plan

All patients received the same PEG-ASNase product (Oncaspar,
currently marketed by the company Laboratoires Servier,
Suresnes, France but previously marketed by several additional
pharmaceutical companies) as planned in the different treatment
schedules of the different risk groups at the dosage of 2500 TU/
sqm/dose, capped at 3750 IU, as 2-hour intravenous (IV) infu-
sion. The first PEG-ASNase exposure (2 doses) was scheduled in
all patients during induction while further doses were scheduled
in T-non-HR, BCP-SR, and BCP-MR patients during the delayed
intensification phase (protocol II, day 8, 1 dose), whereas HR
patients received further doses during each of the 3 intensive
blocks and each of the 3 protocols III (Figure 1). Based on the
AIEOP-BFM ALL 2009 protocol indications, patients with an
HSR clearly related to PEG-ASNase administration had to be
shifted to the Erwinia c. ASNase product (Erwinase, and mar-
keted by the company Clinigen Pharmaceuticals, Burton upon
Trent, United Kingdom but previously marketed by several addi-
tional pharmaceutical companies), which was given every other
day x 7 doses at the dosage of 20,000 IU/sqm/dose as IV 1-hour-
long infusion to substitute for each missed PEG-ASNase dose.
The decision to shift the patient to the Erwinia c. ASNase was
based exclusively on the judgement of the treating physician. The
details of the randomized studies embedded in the AIEOP-BFM
ALL 2009 trial are reported below.

Randomized studies
Study R1 on daunorubicin

Patients with non-HR BCP-ALL with ETV6:RUNXI-
negative ALL or ETV6:RUNXT1 status unknown and flow-cy-
tometry minimal residual disease (MRD) in day 15 bone marrow
<0.1% or with ETV6::RUNX1-positive ALL and MRD, mea-
sured by immunocytofluorimetry, in day 15 bone marrow <10%
were randomized to receive 4 (standard arm [SA]) versus 2
(experimental arm [EA]) doses of daunorubicin in Protocol IA.

Studies R2 and RHR on PEG-ASNase

Patients with an HSR occurring in Protocol IA were not eligi-
ble for the R2 (MR patients) and RHR (HR patients) random-
ized studies (the details of these 2 randomized studies are given
below). According to the protocol indications, patients undergo-
ing the EA of these 2 randomized studies (R2 and RHR) on the
extended use of PEG-ASNase and presenting with an HSR were
not treated with Erwinia c. ASNase to complete the treatment
planned in the EA of the R2 and RHR studies.
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Figure 1. Outline of the AIEOP-BFM ALL 2009 study including the 3 randomized studies planned for all patients (R1), for MR patients (R2), and
for HR patients (RHR). Each triangle represents 1 PEG-ASNase dose. The 1-y CI-HSR (right section of the figure) is reported for each 1 of the 6 subgroups
(T-no-HR; BCP-ALL-SR; BCP-ALL-MR-SA; BCP-ALL-MR-EA; HR-SA; HR-EA). IA: Protocol IA — induction; IA: Protocol IA’™- induction, including 2 doses of
daunomycin (4 doses in the regular Protocol IA). IB: Protocol IB — consolidation: M: Protocol M — extracompartment therapy; Blocks: intensive polychemother-
apy blocks - intensification; Il and Ill: Protocols Il and IIl - reinductions. *only patients receiving the 9 additional PEG-ASNase doses. BCP = B-cell precursor; CP =
continuation phase; CPM = cyclophosphamide; D = dexamethasone; EA = experimental arm; FLA-DNX = block with fludarabine, cytarabine and liposomal daunomycin; HR = high risk; HSCT =
hematopoietic stem cell transplantation; HSR = hypersensitivity reaction; MR = medium risk; PEG-ASNase = Peg-asparaginase; SA = standard arm; SR = standard risk.

Study R2

BCP-MR patients randomized in the R2 study received either
the standard PEG-ASNase treatment, which consisted of 1 dose
in reinduction (protocol II) (SA) or 1 PEG-ASNase dose plus 9
additional doses given from day 22 onwards for every 2 weeks
during the reinduction (protocol II) and then continuing into
the next phase (continuation) (EA). Therefore, all patients ran-
domized to the SA or EA of the study R2 overall underwent 2
exposures to PEG-ASNase (Figure 1).

Study RHR

HR patients randomized in the RHR study received during the
consolidation phase (protocol IB) either no PEG-ASNase doses
(SA) or 4 weekly PEG-ASNase doses (EA) (Figure 1). Therefore, in
the HR-SA, 8 PEG-ASNase doses were planned overall through-
out the whole treatment journey, which corresponded to 4 differ-
ent exposures to the drug, whereas in the HR-EA arm, with the
4 additional doses planned in protocol IB, 12 PEG-ASNase doses
were given overall and corresponded to 3 exposures to the drug.
Thus, differently from HR-SA patients, the HR-EA patients were
exposed to PEG-ASNase in a more continuous way from induc-
tion through intensification and up to the reinduction.

Definition of HSR
HSRs were judged and classified exclusively by the local
treating physician according to the Common Terminology

Criteria for Adverse Events (CTCAE) Version 4.0 (Published:
May 28, 2009; v4.03: June 14, 2010), which were in place
when the protocol was started in the different countries
(https://www.eortc.be/services/doc/ctc/ctcae_4.03_2010-06-
14_quickreference_5x7.pdf, Immune System disorders, page
65). The HSR definitions as detailed in the CTCAE v4 are
also reported in Suppl. Table S6. In brief, grade 1-2 HSR were
reactions of brief duration and mild intensity and mainly char-
acterized by skin, gastrointestinal, or mucosal/angioedema
symptoms, while grade 3-4 HSR were of prolonged duration
and severe up to be life-threatening and characterized by the
occurrence of cardiovascular, neurologic, and respiratory
symptoms. Grade 5§ HSR indicated the death of the patient.

Statistical analysis

The AIEOP-BFM ALL 2009 study protocol was approved by
the competent ethics committees and registered as a clinical trial
at https://clinicaltrials.gov, NCT01117441, EUDRACT n. 2007-
004270-43. A data and safety monitoring committee periodi-
cally supervised the conduction of the study.

HSRs were captured for the whole study cohort of 6136
AIEOP-BFM ALL 2009 patients as adverse events and were
systematically and prospectively entered in the trial database.
Data reported in this study consist of HSRs occurring in the
overall population and in 5§ main subgroups defined accounting
for exposure and treatment as follows:
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1. T-non-HR and BCP-ALL-SR patients, not randomized, all
receiving the same standard treatment.

2. BCP-ALL-MR-SA, MR patients, randomized (R2) to
receive the standard treatment.

3. BCP-ALL-MR-EA, MR patients, randomized (R2) to
receive the experimental treatment.

4. HR-SA, HR patients randomized (RHR) to receive the
standard treatment.

5. HR-EA, HR patients randomized (RHR) to receive the
experimental treatment.

In some explorative analyses, we simply considered 2 sub-
groups of non-HR (points 1-3) and HR (points 4 and 5)
patients. The association between HSRs and the main clinical
and biological characteristics was analyzed using the y* test.
Event-free survival (EFS) was defined as time from diagnosis
to the first event occurring among resistance, relapse, second
malignant neoplasm, or death from any cause (time was cen-
sored at last follow-up if no events occurred).

The cumulative incidence (CI) curves for HSR were estimated
at 1 year (since diagnosis or randomization, as appropriate)
adjusting for competing risks of events, which could prevent
their observation in front-line treatment (those considered in
EFS). Patients who underwent hematopoietic stem cell trans-
plantation in first CR were censored at the date of transplant.
Analyses in the subgroups of randomized patients were per-
formed according to the as treated approach and curves esti-
mated from date of randomization. A Cox model on outcome in
terms of EFS was fitted to assess the impact of HSR occurrence
as a time-dependent variable, after adjusting for main character-
istics at diagnosis (gender, age, immunophenotype, white blood
cell count, ETV6::RUNX1) not involved in the stratification
and for treatment received. Data analyses were performed using
the SAS System (9.4). Patient follow-up data were updated as
of June 2021.

RESULTS

Overall, 472 of 6136 patients developed an HSR (7.7%).
Table 1 shows the demographic characteristics of the 472
patients compared with the group of patients without any
HSR ( n= 5664, 92.3%). As reported in Table 1, age 210 years,
prednisone poor response, ETV6::RUNX1 negative, and HR
groups were significantly more represented in the HSR group.
In Table 2, the distribution of the 472 HSRs observed in each
treatment phase and by treatment received is shown in the full
cohort of 6136 patients.

All patients underwent the first 2 doses in phase IA and had
an HSR rate of 2.0% (N = 121/6136). The first dose of PEG-
ASNase planned in protocol II (dose 3) was common to all 4729
non-HR patients with an overall HSR rate of 2.9%: 74 (3.1%)
HSRs occurred among the 2376 T-non-HR/BCP-SR patients;
48 (2.8%) HSR occurred among the 1700 patients treated as
MR-SA (therefore including those who were not randomized
but who received 1 PEG-ASNase dose only as standard treat-
ment); 13 (2%) and 12 (1.8%) out of the 653 patients of the
MR-EA presented with an HSR either at the first or during the
additional nine PEG-ASNase doses, respectively (with a very low
CI-HSR [SE] of 2.1% [0.6] for those receiving the 9 additional
doses, as shown in Figure 1). Most of these 653 patients (n =
411, 63%) were able to receive all the additional 9 PEG-ASNase
doses as planned in the EA randomized schedule, with a mean
number of 7.9 doses. In the group of 364 HR-EA patients, 15
(4.1%) had an HSR during phase IB, most of them being able (n
=306, 84%) to receive all the 4 PEG-ASNase doses planned in
the EA, with a mean number of 3.7 doses. Thereafter, during the
3 blocks, only 7 of these patients (1.9%) experienced an HSR.

In contrast, 175 (16.8%) of 1043 patients treated within the
HR-SA (this number includes those patients not randomized and
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receiving the standard treatment, therefore without additional
PEG-ASNase doses in protocol IB) presented with an HSR
during the subsequent intensification phase including blocks
HR1, HR2, and HR3, with the majority of HSRs occurring
during the HR2 block (EA versus SA: HR1 0.3% versus 5.7 %;
HR2 1.1% versus 9.7%; HR3: 0.5% versus 1.5 %, respectively).

The HSR rate was very similar and almost negligible when
the 3 protocols III were administered as reinduction treatment
either to the HR-EA or to the HR-SA groups (0.3% or 0.1%,
respectively). Interestingly, the HSR rates observed among
non-HR patients receiving, as delayed intensification, the pro-
tocol II (only considering the single PEG-ASNase dose given on
day 8 therefore after 1 week of dexamethasone coverage) were
3.1%, 2.8%, and 2.0% in the T-non-HR+BCP-SR, MR-SA, and
MR-EA, respectively, and higher than those observed in patients
receiving the 3 protocols III (1 single PEG-ASNase dose given on
day 1 of each protocol III therefore without any dexamethasone
coverage) with HSR rates being altogether 1.6% and 0.8% in
the HR-SA and HR-EA groups, respectively.

Finally, in Table 2, data on the clinical severity pattern of
the HSRs based on the CTCAE-v4 criteria showed that out of
465 episodes 7 were of unknown severity, 311 (66.8%) were
mild (grade 1-2), and 154 (33.2%) were severe (grade 3-4). In
Figure 1, the 1-year CIs of HSR observed from diagnosis (except
for patients belonging to the BCP-ALL MR EA for whom the
CI-HSR is reported limitedly to the administration period of the
9 additional PEG-ASNase doses) are summarized for the differ-
ent risk groups of patients classified as in Table 2. In Figure 2,
panel A represents the estimated CI from diagnosis of the whole
study cohort, with a 1-year value of 7.7% (0.3); in BCP-MR
randomized patients (panel B), the CI of HSR was not signifi-
cantly different with a 1-year value of 3.8 (0.8)% versus 3.2%
(0.6) in the MR-EA versus MR-SA (P = 0.55); in HR random-
ized patients (panel C), the CI of HSR was significantly different
between the 2 arms, with a 1-year value of 6.4% (1.3) versus
17.9% (1.8) for patients treated in the HR-EA and HR-SA arms,
respectively (P < 0.001). Interestingly in the HR-SA, the HSR
rate observed after the Block 2 was almost twice (9.7%) in
respect of that observed after the block 1 (5.7%). A very similar
phenomenon was observed in the HR group of the previously
conducted BFM-ALL 2000 protocol, where the native E. coli
ASNase product was used, with HSR rates of 41.6% and 18.9%
after the blocks 2 and 1, respectively.'

The occurrence of a HSR did not have a significant impact
on the overall EFS of patients presenting with an HSR when
evaluated with a Cox model (with HSR as a time-dependent
covariate and adjusting for relevant variables), both in non-HR
and HR patients: the estimated hazard ratio was 0.90 (95%
CIL, 0.60-1.35; P-value, 0.61) and 1.00 (95% CI, 0.76-1.32;
P-value, 0.98) for patients who did or did not develop an HSR
to the PEG-ASNase product in the non-HR and HR groups,
respectively.

The Suppl. Table S6 shows that of the 472 patients showing
an HSR, 408 (86.4%) continued with the second-line ASNase
product (Erwinia c. ASNase); of the 64 patients who did not
continue with the Erwinia c. product, 31 had various legitimate
reasons to stop the treatment (including 12 patients belonging
to the RMR because, by protocol indications, they were not
allowed to receive the Erwinia c¢. ASNase product), while 24
continued with PEG-ASNase (no clear reasons were reported
in the database for this re-exposure to PEG-ASNase) and in 9
patients the information was not available. The ASNase treat-
ment schedule planned in the protocol was completed with the
use of the Erwinia c. product by 287 of 408 (60.8%) patients,
while 121 did not complete it because of a further HSR (this
time to the Erwinia ¢. ASNASE product [n = 109]) or for other
reasons (n = 12). The EFS of patients treated with the Erwinia
c. ASNase and presenting or not a further HSR, this time to
the Erwinia c. ASNase product, is shown in Suppl. Figure S1
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Comparison of the Demographic Characteristics of the 6136 Patients, Presenting With or Without an HSR, Enrolled in the

AIEOP-BFM ALL 2009 Protocol**

Patients With HSR Patients Without HSR Total
N % N % N
Total 472 7.7 5664 923 6136
Gender
Male 286 8.1 3254 91.9 3540
Female 186 7.2 2410 92.8 2596
P=0.18
Age
1-5y 206 59 3257 94.1 3463
6-9y 98 8.3 1078 91.7 1176
10-14y 105 10.6 889 89.4 994
1517y 63 12.5 440 87.5 503
P <0.001
WBC
<20 307 7.6 3730 924 4037
20-100 118 82 1322 91.8 1440
>100 47 7.1 610 92.9 657
Not known 0 2 2
P=0.66
CNS involved
CNS1/2 447 7.8 5320 92.2 5767
CNS3 7 5.0 134 95.0 141
Not known 18 210 228
P=0.22
PDN response
Good 400 7.3 5093 92.7 5493
Poor 66 12.0 482 88.0 548
Death/not known 6 89 95
P < 0.001
Immunophenotype
B-lineage 394 7.5 4847 92.5 5241
T-lineage 77 88 795 91.2 872
Other/not known 1 22 23
P=0.18
ETV6::RUNX1
Positive 68 5.1 1255 94.9 1323
Negative 394 8.3 4343 91.7 4737
Not known 10 66 76
P <0.001
Final risk
T-non-HR 28 6.0 442 94.0 470
B-SR 95 5.0 1811 95.0 1906
B-MR 115 5.0 2238 95.0 2353
HR 234 16.6 1173 834 1407
P <0.001

4Subdivided according to the occurrence or not of an HSR (row percentages and P-value according to 2 test for association are reported).
Walues in italic indicate the percentages calculated on the patients' numbers reported in each line of the two columns.
CNS = central nervous system; HR = high risk; HSR = hypersensitivity reaction; MR = intermediate risk; PDN = prednisone; SR = standard risk; WBC = white blood cell; y = years.

(no significant impact on outcome both in non-HR and in HR
patients [panels A and B, respectively] was observed). Patients
unable to complete the planned ASNase treatment because of
additional reasons out of HSR to the Erwinia C. product were
not included in the above-mentioned EFS analysis.

Additional toxicities usually associated with the use of PEG-
ASP were also registered in the AIEOP-BFM ALL 2009 data-
base; even if toxicities beyond HSR were not the focus of this
report, the 2-year CI of pancreatitis, thrombosis, and diabetes
was 3.8% (0.2), 5.7% (0.3), and 3.9%, respectively.

The Suppl. Table S7 shows the impact of the delay of PEG-
ASNase dose 2 as planned on day 26 of protocol IA on the
risk of developing a subsequent HSR. Administration dates of
both the PEG-ASNase doses 1 and 2 were available in 5479 of

6136 patients. A higher risk of developing an HSR to the sec-
ond PEG-ASNase dose was seen with a time interval between
the 2 doses longer than the planned 14 days. Patients with an
interval of >15 days (n = 434) presented with 40 HSR (9.2%)
compared with 34 of 4971 with an interval of <15 days (0.7%;
P <0.001).

Comparison with the CI-HSR observed in the BFM ALL 2000
protocol

With the aim to better understand the differences in terms of
1-year CI-HSR (SE) observed when the native E. coli ASNase
was given IV as first-line treatment within a very similar BFM
ALL backbone (and therefore very similar to the AIEOP-BFM
ALL 2009 protocol), we also report here the CI-HSR (SE) for
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Distribution of the HSR Observed in the AIEOP-BFM ALL 2009 Study Cohort of 6136 Patients?®

T-no-HR +
Total BCP-SR MR-SA MR-EA HR-SA HR-EA
Number of PEG-ASNase doses N % N % N % N % N % N %
Patients 6136 2376 1700° 653 1043° 364
HSR to PEG-ASNase 472 7.7 123 52 89 52 26 4.0 211 20.2 23 6.3
PHASE
IA 2 121 2.0 46 1.9 41¢ 2.4 1¢ 0.2 33¢ 3.2 0
B Oor4 20 0.3 3 <01 0 0 2¢ 0.2 15 4.1
P-1l # 1 1 135 2.2 74 3.1 48 2.8 13 2.0 - -
P-Il MR-EA 3 10 0.2 - - 10 1.5 -
MT MR-EA 6 2 <01 - - 2 0.3 - -
HR1 1 59 1.0 - - - 58 56 1 0.3
HR2 1 105 1.7 - - - 101 9.7 4 1.1
HR3 1 18 0.3 - - - 16 1.5 2 0.5
P-Ill1 1 0 - - - 0 0
P-II2 1 1 <0.1 - - - 0 1 0.3
P-II3 1 1 <0.1 - - - 1 0.1 0
CTCAE grade
Grade 1 49 10.5 14 11.7 10 11.2 4 16.0 16 7.7 5 217
Grade 2 262 56.3 71 59.1 58 652 11 44.0 113 54.3 9 391
Grade 3 138 29.7 32 26.7 21 236 9 360 68 327 8 348
Grade 4 16 35 3 2.5 0 1 4.0 11 5.3 1 4.4
Not known 7 3 1 3

“n the upper part of the table HSR frequencies and rates (jtalic values) observed overall and in each treatment phase of the protocol by risk-group and by exposure to PEG-ASNase were calculated on the
number of HSR indicated in the first line of the table for the following subgroups: T-no-HR and BCP-ALL-SR; MR according to standard (MR-SA) or experimental (MR-EA) PEG-ASNase treatment received;
HR according to standard (HR-SA) or experimental (HR-EA) PEG-ASNase treatment received. CTCAE-v4 graded HSR are reported by treatment phase and patients” groups in the lower part of the table. For
this part of the table the percentages were calculated on the number of HSR indicated in the second line of the table.

"These numbers include patients either randomized or not who received the standards PEG-ASNase treatment.

°All 42 MR patients with HSR in Phase IA are reported under the standard treatment (MR-SA) as they were not eligible to be randomized to RMR (except for one patient who was randomized against proto-
col indications); however, the percentage of HSR should be calculated on the totality of MR patients, that is, 42/2353 (1.8%).

“All 33 HR patients with HSR in Phase IA are reported under the standard treatment (HR-SA) as they were not eligible to be randomized to RHR; however, the percentage of HSR should be calculated on the
totality of HR patients, that is, 33/1407 (2.3%).

“For these patients the second dose of PEG-ASNase in phase IA was postponed to phase IB, due to the occurrence of a toxic event in phase IA.

BCP = B-cell precursor ALL; EA = experimental arm; HR = high risk; HSR = hypersensitivity reaction; MR = medium risk; MT = maintenance; SA = Standard treatment arm; SR = standard risk.

the overall BFM ALL 2000 population (42.3% [1.5]) and for the  the native E. coli ASNase product, which had been used as first-
SR, MR, and HR group (40.6% [2.5], 37.0% [1.9] and 65.2% line product in the previous AIEOP-BFM ALL 2000 trial.'>!3 We
[3.8], respectively).' have also evaluated and reported the outcome of patients who
could or could not complete the PEG-ASNase treatment plan
because of the occurrence (or not) of an HSR either to the PEG-
DISCUSSION ASNase or to the Erwinia c. ASNase products.

One of the major limitations ingrained with the administration Due to the relevance of the phenomena HSR and silent inacti-
of any ASNase preparation lies in its immunological characteris-  vation, the AIEOP-BFM ALL 2009 trial was carefully monitored
tics; in fact, ASNase is a foreign protein for the human body and,  with an ad hoc clinical and pharmacological surveillance pro-
after one or multiple exposures, it may induce the production of  gram; such a detailed monitoring program was planned because
anti-ASNase antibodies with the possibility of clinically overt or  of the underlying change in the ASNase product in respect of the
silent HSR.*!'®!7 Factors influencing the onset of HSR or of silent  previous AIEOP-BFM ALL 2000 protocol (where the native E.
inactivation are well known: the type of ASNase, the number of  coli ASNase product was used) and of the scientific interest in
previous ALL treatment lines, the dosing schedule, the admin-  gaining additional clinical and pharmacological insights from
istration route, the concomitant medications, and the number  the delivery of the 2 randomized studies on the intensified use of
of exposures.>” Due to the above-mentioned variables, the inci- ~ PEG-ASNase in MR and HR patients. Some of the findings of this
dence of such phenomena has been reported to widely span from  extensive pharmacological monitoring program have been already
1% to 67%.2*1%1 This type of toxicity puts the patients at risk  reported?2?? but as it represents a complex task, a more compre-
of clinically severe complications that may lead to ASNase treat-  hensive evaluation of the pharmacological aspects and of their
ment truncation and worse outcomes.**~ More recently, also the  clinical consequences have not yet been completed and reported.
phenomenon called allergic-like reaction, especially occurring In a recent meta-analysis, the incidence of HSR was lower
during the IV infusion of any ASNase products, makes it even  in protocols using PEG-ASNase as the first-line treatment com-
more difficult to discriminate between real and false HSR.'*"*To  pared with the findings reported for E. coli ASNase or PEG-
this end, a therapeutic drug monitoring of serum ASNase activity ~ ASNase as second-line after E. coli ASNase.'* Postinduction
levels is currently considered an indispensable tool to reliably  phase, a higher number of PEG-ASNase-free intervals, and
evaluate the silent inactivation phenomenon and to help distin- initiation of PEG-ASNase in postinduction phases were found
guishing real HSR from allergic-like reactions.!® to be the risk factors for HSR. Similar findings have been

In this study, we have reported the incidence of clinically overt  observed in the BEM-ALL 2000 protocol wherein the native
HSR occurring in the frame of the AIEOP-BFM ALL 2009 trial ~ E. coli ASNase product was used as first-line ASNase prod-
wherein the PEG-ASNase product was used and substituted for  uct (see the results section for more details) by using the same
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Figure 2. CI-HSR (SE) curves in different groups of patients treated
within the AIEOP-BFM ALL 2009 protocol: in (A) since the diagnosis in
the full cohort; in (B) since the date of randomization in BCP-MR patients
included in the R2 randomized study (patients who had an HSR during
induction 1A and were randomized against protocol indications are excluded
here; ie, 4 patients in MR-SA and 1 patient in MR-EA); in (C) since the date
of randomization in HR patients included in the RHR randomized study (as
treated analyses). Patients who had an HSR during induction IA and were
randomized against protocol indications are excluded here (2 patients in
HR-SA). Note: the y-axis covers the probability range 0.0-0.5. Cum. Incidence
= cumulative incidence; EA = experimental arm; HR = high risk; HSR (SE) = hypersensitivity
reaction (standard error); MR = medium risk; SA = standard arm.

administration route (IV) used in the AIEOP-BFM ALL 2009
study. The findings related to the cohort of the 6136 patients
enrolled and treated with the PEG-ASNase product in the
present report (AIEOP-BFM ALL 2009) show that the HSR

www.hemaspherejournal.com

rate was much lower (7.7%) than in the BEM-ALL 2000 pro-
tocol and 2% in the induction phase IA (administered in all
patients) and 5.2%, 5.2%, 4.0%, 20.2%, and 6.3% in T-non-
HR+BCP-SR, MR-SA, MR-EA, HR-SA, and HR-EA subgroups,
respectively (Table 2).

The 7.7% HSR rate observed in the AIEOP-BFM ALL 2009
study is overall rather low especially when the high number of
PEG-ASNase doses planned in the study are considered. In fact,
this study also includes the results of the 2 randomized studies
R2 and RHR where an extended and protracted use of PEG-
ASNase was planned. Among the most recent studies conducted
in this field with PEG-ASNase as first-line ASNase product, it is
worth to recall the HSR rates/CI-HSR reported in various inter-
national groups such as in the NOPHO 2008 (1000 IU/sqm, IM,
HSR rate 18.9% in the HR, 13% in the SR/MR),? in the DFCI
05-001 (2500 IU/sqm, IV, 12%,** in the COG AALL 0331 and
02322500 IU/sqm, IV or IM, 9.3% and 18.1%, respectively]),®
in the SJCRH Total XVI (2500 or 3500 IU/sqm, IV, cumula-
tively 18%),%° and in the UKALL 2003 (1000 IU/sqm, IM, 4
doses <1%, 12 doses 12%).2° Because the administration route
may have an impact on the HSR rate,*>%’ we also compared
our results with those reported by Burke et al,’” where severe
(grade > 3) PEG-ASNase-associated HSR were significantly less
frequent with the IV infusion as compared with those observed
with the intramuscular route. Our findings related to the use of
PEG-ASNase administered IV are overall like those reported in
that experience.?”

Looking at the different phases, patients’ subgroups and
number of doses and exposures to PEG-ASNase, the main find-
ings of this study focused on HSR associated with the use of
front-line PEG-ASNase can be summarized as follows:

* The overall incidence of HSR in the whole cohort of 6136
children with ALL enrolled in the AIEOP-BM ALL 2009
protocol was low.

¢ Ininduction (phase [A), a higher risk of developing an HSR
was associated with a time interval between doses 1 and 2
longer than the planned 14 days (Suppl. Table S7), suggest-
ing that even in phase IA (first exposure) longer intervals
between doses associated with a immunological response
in the host and with a higher risk of HSR.

* Patients receiving 2 PEG-ASNase doses in induction and
further exposed to 1 PEG-ASNase dose in delayed intensifi-
cation (protocol II) and stratified as T-non-HR and BCP-SR
or MR-SA presented with a quite low overall HSR rate
(5.2%).

* The group of BCP-MR-EA patients who received 9 addi-
tional doses (every 2 weeks) during protocol II and the con-
tinuation phase (therefore during the same second exposure
to PEG-ASNase) had an HSR rate of 4.0% (CI-HSR [SE] of
only 2.1% [0.6] when considering only the phase where the
9 additional doses were delivered), therefore very similar
to that observed in BCP-MR-SA, thus suggesting that even
after a very prolonged interval between the first 2 expo-
sures, the HSR rate is quite similar whenever 1 or 10 doses
are administered (Table 2 and Figure 1).

e In patients belonging to the HR-SA (receiving overall 8
PEG-ASNase doses over 4 exposures) it was observed the
highest HSR rate (20.2%) among those observed in the
above-mentioned subgroups (Table 2 and Figure 1). In this
group of patients, no PEG-ASNase dose was given in pro-
tocol IB with the vast majority of HSR occurring during
the intensification phase and during the HR2 block (9.7%).
Interestingly, this latter finding is very similar to the one
reported with the use of the native E. coli ASNase prod-
uct in the BEM-ALL 2000 study (see the results section for
more details).'> Conversely, patients randomized to receive
the HR-EA (overall 12 PEG-ASNase doses and 3 exposures
with a clearly more continuous dosing) showed an overall
HSR rate of 6.3% (with a negligible 1.9% observed during
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the Intensification phase), therefore very similar to the HSR
rate observed in patients of all non-HR subgroups. These
findings suggest that a continuous exposure to several PEG-
ASNase doses overall reduces the risk of developing an
HSR, most probably because of a reduced pattern of anti-
bodies production usually associated with a higher num-
ber of exposures.'* Of note, as pointed out in the previous
bullet-point, this phenomenon was not observed in SR/MR
patients even if the second exposure that occurred several
months after the first one; this phenomenon is somewhat
difficult to explain but could be associated with the dif-
ferent chemotherapy background planned for the differ-
ent risk groups; in particular, after the phase IA, non-HR
patients consecutively underwent the consolidation (phase
IB) and the extra-compartment therapy phase (protocol M,
a 56-days long phase consisting of continuous oral 6-mer-
captopurine and 4 IV high-dose-methotrexate courses) and
most probably benefited also from this treatment sequence
in terms of reduced anti-ASNase antibodies production;
this phenomenon did not occur in HR-SA patients who,
after the phase IB, received 3 intensification blocks charac-
terized by an intensive multiagent chemotherapy schedule,
each including 1 PEG-ASNase dose, and followed by long
intervals caused by the subsequent neutropenia phase.

e The quite similar HSR rates observed among non-HR
patients receiving, as reinduction, 1 protocol II (1 PEG-
ASNase dose after 1 week of Dexamethasone coverage)
and among the HR patients receiving, as reinduction, 3
protocols III (1 PEG-ASNase dose, without dexamethasone
coverage) suggest that in such a therapeutic context, the
preemptive administration (1-week long) of a potent corti-
costeroid as dexamethasone does not prevent HSRs. These
phenomena seem hard to be explained and deserve further
biological investigations.

* Two outcome analyses were performed in this study: the
first on the groups of patients who developed or not an
HSR to PEG-ASNase (no significant differences) suggest-
ing that the possibility to successfully replace with the
second-line product the planned PEG-ASNase treatment
in the 287 patients (60.8% of the initial 408) most likely
compensated for the incomplete PEG-ASNase treatment;
the second on the subgroups of patients (subdivided in HR
and non-HR) able or not able to complete the Erwinia c.
ASNase substitutive treatment exclusively because of a fur-
ther HSR to this latter product (no significant differences);
patients belonging to the MR-EA were excluded from this
analysis for obvious reasons. Regarding this second analy-
sis, the very small numbers (patients were subdivided in HR
and non-HR groups) made the comparison somewhat more
difficult. In addition, and differently from many other simi-
lar studies we included in the analysis exclusively those pre-
senting with a further HSR while usually also patients with
silent inactivation, pancreatitis, thrombosis, or Erwinia c.
unavailability were considered.?*?

Based on the results of the present study, we conclude that the
overall HSR rate observed in the AIEOP-BFM ALL 2009 study
adopting as front-line preparation the PEG-ASNase product
represented a very successful strategy in significantly reducing
the HSR rate in respect of the AIEOP-BFM ALL 2000 study
(see the results section for more details). The main finding of
the present study shows that even when several exposures to
PEG-ASNase are planned, a reduced time interval between the
various doses and exposures and a more continuous scheduling
of the treatment lowers the risk of HSR occurrence. In addition,
the adoption of intensified PEG-ASNase schedules as planned
in the R2 and RHR studies was feasible and was not associated
with a significant increase of the HSR rates in the EA, with a
high number of patients able to conclude the PEG-ASNase treat-
ment originally planned in the study protocol. Furthermore, in

HSR to PEG-Asparaginase in Childhod ALL

the AIEOP-BFM-ALL 2009 protocol, the additional clinical
complications usually associated with the use of ASNase were
fully in the expected range.

Whether the adoption of PEG-ASNase in the AIEOP-BFM
ALL 2009 instead of the native E. coli ASNase product used
in the previous AIEOP-BFM ALL 2000 study and whether the
PEG-ASNase treatment intensification planned in the 2 ran-
domized studies in MR and HR groups will translate in out-
come benefits is a matter of ongoing investigations.

ACKNOWLEDGMENTS

The authors wish to thank the patients and the families participating in
this trial; the physicians and nurses of all hospitals for their contribution in
collecting and reporting clinical data used to finalize this study; the partners
of the reference laboratories and all the technicians for their expert work in
cytology, genetics, and MRD assessment essential for patients’ stratification;
the pharmacologists and technicians for the work performed in PEG-ASNase
Therapeutic Drug Monitoring; and the data managers for the careful study
conduction.

AUTHOR CONTRIBUTIONS

CR, AM, MGV, AB, VC, GC, MS, and ]B did study design and data anal-
ysis. LV, AA, CR, AM, AB, VC, GC, MS, SE, FN, DB, and JS contributed to
patient enrollment and sample collection. MGV, DS, and MZ did statistical
analysis. CR, AM, MS, MGV, DS, MZ, VC, JB, CLK, and AvS wrote the arti-
cle. CR, AM, VC, MS, MZ, MGV, and JB did supervision.

DISCLOSURES

CR: Jazz Pharmaceuticals, Servier, Clinigen, Amgen: honoraria. AM:
Clinigen and BTG: consultancy honoraria. JB: institutional and personal
consultation fees, advisory board memberships, invited lectures and travel
and research grants from asparaginase suppliers Medac, Shire, Sigma-Tau,
Baxalta, Servier, Opi, Eusapharma, Jazz in the last decade(s). Focusing on
the last years restricted to institutional grants from JAZZ (research) and
Servier (Consulting, research, invited lecture). MS and/or study group have
received research support from SHIRE, Jazz Pharma, Servier, SigmaTau,
and Novartis. Honoraria from Servier, Novartis, and Jazz Pharma. VC:
Medac, Sigma-Tau and Shire: research funds; Sigma-Tau and Shire: con-
sultancy honoraria. AA: honoraria for lectures, consultancy or advisory
board participation from Jazz Pharmaceuticals, Amgen, Novartis, MSD,
Amgen, Novartis, MSD, and Gilead. He has received compensation for
travel expenses from Jazz Pharmaceuticals. CL-K: Clinigen: Honoraria;
Servier: Travel Grants. All the other authors have no conflicts of interest
to disclose.

SOURCES OF FUNDING

Supported by the University Medical Center Schleswig-Holstein, Campus
Kiel by sponsoring the study at the national and international level; the
Gesellschaft fiir Pidiatrische Onkologie und Himatologie (GPOH) (Society
for Pediatric Oncology and Hematology) by approving and sponsoring
this trial; the Associazione Italiana di Ematologia ed Oncologia Pediatrica
(AIEOP) by approving and co-sponsoring this trial; the St. Anna Children’s
Cancer Research Institute (CCRI) by sponsoring the study at a national level.
The AIRC grant IG 2017-20564 (AB). Comitato M. L. Verga and Fondazione
Tettamanti (Monza). Deutsche Krebshilfe e. V. Bonn, Germany (Project No.
70108588 and 70111796). The international AIEOP-BFM ALL 2009 study
was supported by an unrestricted grant from the company Shire (and previ-
ously from medacGmBH, Sigma-Tau, Baxalta that marketed the drug during
the present study period).

REFERENCES

1. Pui CH, Campana D, Pei D, et al. Treating childhood acute lym-
phoblastic leukemia without cranial irradiation. N Engl | Med.
2009;360:2730-2741.

2. Rizzari C, Conter V, Stary ], et al. Optimizing Asparaginase therapy
for acute lymphoblastic leukemia. Curr Opin Oncol. 2013;25(suppl
1):51-S9.

3. Avramis VI, Sencer S, Periclou AP, et al. A randomized comparison of
native Escherichia coli Asparaginase and polyethylene glycol conjugated



HemaSphere (2023) 7:6

10.

11.

12.

13.

14.

15.

Asparaginase for treatment of children with newly diagnosed stan-
dard-risk acute lymphoblastic leukemia: a Children’s Cancer Group
study. Blood. 2002;99:1986-1994.

Pieters R, Hunger SP, Boos J, et al. Asparaginase treatment in acute
lymphoblastic leukemia: a focus on Erwinia Asparaginase. Cancer.
2011;117:238-249.

Muller H]J, Boos J. Use of L- Asparaginase in childhood ALL. Crit Rev
Oncol Hematol. 1998;28:97-113.

Gentili D, Conter V, Rizzari C, et al. L- Asparaginase depletion in serum
and cerebro-spinal fluid of children with acute lymphoblastic leukemia
during subsequent exposure to Erwinia L-Asparaginase. Ann Oncol.
1996;7:725-730.

Silverman LB, Gelber RD, Dalton VK, et al. Improved outcome for
children with acute lymphoblastic leukemia: Results of Dana-Farber
Consortium Protocol 91-01. Blood. 2001;97:1211-1218.

Vrooman LM1, Stevenson KE, Supko JG, et al. Postinduction dexameth-
asone and individualized dosing of Escherichia Coli L-Asparaginase
each improve outcome of children and adolescents with newly diag-
nosed acute lymphoblastic leukemia: results from a randomized study-
-Dana-Farber Cancer Institute ALL Consortium Protocol 00-01. J Clin
Oncol. 2013;31:1202

Panosyan EH1, Seibel NL, Martin-Aragon S, et al. Asparaginase anti-
body and Asparaginase activity in children with higher-risk acute lym-
phoblastic leukemia: Children’s Cancer Group Study CCG-1961. |
Pediatr Hematol Oncol. 2004;4:217.

Gupta S, Wang C, Raetz EA, et al. Impact of Asparaginase discontinu-
ation on outcome in childhood acute lymphoblastic leukemia: a report
from the Children’s Oncology Group. ] Clin Oncol.2020;38:1897-1905.
Baruchel A, Brown P, Rizzari C, et al. Increasing completion of aspar-
aginase treatment in childhood acute lymphoblastic leukaemia (ALL):
summary of an expert panel discussion. ESMO Open. 2020;5:977.
Conter V, Bartram CR, Valsecchi MG, et al. Molecular response to treat-
ment redefines all prognostic factors in children and adolescents with
B-cell precursor acute lymphoblastic leukemia: results in 3184 patients
of the AIEOP-BFM ALL 2000 study. Blood. 2010;115:3206-3214.
Schrappe M, Valsecchi MG, Bartram CR, et al. Late MRD response deter-
mines relapse risk overall and in subsets of childhood T-cell ALL: results
of the AIEOP-BFM-ALL 2000 study. Blood. 2011;118:2077-2084.
Brigitha L, Fiocco M, Pieters R, et al. Hypersensitivity to Pegylated
E.coli asparaginase as first line treatment in contemporary paediatric
acute lymphoblastic leukemia protocols: a meta-analysis of the Ponte di
Legno Toxicity working group. Eur | Cancer. 2022;162:65.

Moricke A, Rizzari C, Alten J, et al. Hypersensitivity Reactions to Native
E. coli L-asparaginase in Children With Acute Lymphoblastic Leukemia
Treated in Trial ALL-BFM 2000: Impact of Treatment Schedule and
Type of Glucocorticoid in Induction. HemaSphere. 2023;7:¢888.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

www.hemaspherejournal.com

Asselin B, Rizzari C. Asparaginase pharmacokinetics and implications of
therapeutic drug monitoring. Leuk Lymphoma.2015;56:2273-2280.
Gottschalk Heojfeldt S, Grell K, Abrahamsson J, et al. Relapse risk fol-
lowing truncation of pegylated asparaginase in childhood acute lympho-
blastic leukemia. Blood. 2021;137:2373-2382.

Kloos RQ, Pieters R, Escherich G, et al. Allergic-like reactions to
Asparaginase: Atypical allergies without Asparaginase inactivation.
Pediatr Blood Cancer. 2016;63:1928-1934.

Burke M]J, Rheingold SR. Differentiating hypersensitivity versus
infusion-related reactions in pediatric patients receiving intrave-
nous Asparaginase therapy for acute lymphoblastic leukemia. Leuk
Lymphoma. 2017;58:540-551.

Rizzari C, Lanvers-Kaminsky C, Valsecchi MG, et al. Asparagine levels
in the cerebrospinal fluid of children with acute lymphoblastic leuke-
mia treated with pegylated-Asparaginase in the induction phase of the
AIEOP-BFM A 2009 study. Haematologica. 2019;104:1812-1821.
Lanvers-Kaminsky C, Riiffer A, Wiirthwein G, et al. Therapeutic drug
monitoring of asparaginase activity - method comparison of MAAT and
AHA test used in the international AIEOP-BFM ALL 2009 Trial. Ther
Drug Monit. 2018;40:93-102.

Wairthwein G, Lanvers-Kaminsky C, Gerss ], et al. Therapeutic drug
monitoring of Asparaginase: intra-individual variability and predictiv-
ity in children with acute lymphoblastic leukemia treated with PEG-
Asparaginasein the AIEOP-BFM ALL 2009 study. Ther Drug Monit.
2020;42:435-444.

Hoijfeldt SG, Wolthers BO, Tulstrup M, et al. Genetic predisposition
to PEG-Asparaginase hypersensitivity in children treated according to
NOPHO ALL2008. Br ] Haematol. 2019;184:405-417.

Place AE, Stevenson KE, Vrooman LM, et al. Intravenous pegylated
Asparaginase  versus intramuscular  native  Escherichia  coli
L-asparaginase in newly diagnosed childhood acute lymphoblastic leu-
kaemia (DFCI 05-001): a randomised, open-label phase 3 trial. Lancet
Oncol. 2015;16:1677-1690.

Jeha S, Pei D, Choi J, et al. Improved CNS control of childhood acute
lymphoblastic leukemia without cranial irradiation: St Jude total ther-
apy study 16. | Clin Oncol. 2019;37:3377-3391.

Vora A, Goulden N, Mitchell C, et al. Augmented post-remission ther-
apy for a minimal residual disease-defined high-risk subgroup of chil-
dren and young people with clinical standard-risk and intermediate-risk
acute lymphoblastic leukaemia (UKALL 2003): a randomized controlled
trial. Lancet Oncol. 2014;15:809-818.

Burke MJ, Meenakshi D, Maloney K, et al. Severe pegaspargase hyper-
sensitivity reaction rates (grade >3) with intravenous infusion vs. intra-
muscular injection: analysis of 54,280 doses administered to 16,534
patients on Children’s Oncology Group (COG) clinical trials. Leuk
Lymphoma. 2018;59:1624.



