ARTICLE

Acute Lymphoblastic Leukemia

Pre-existing antibodies against polyethylene
glycol reduce asparaginase activities
on first administration of pegylated E. coli
asparaginase in children with acute
lymphocytic leukemia
Alaeddin Khalil,1 Gudrun Würthwein,1 Jana Golitsch,1 Georg Hempel,2
Manfred Fobker,3 Joachim Gerss,4 Anja Möricke,5 Martin Zimmermann,6 Petr
Smisek,7 Massimo Zucchetti,8 Christa Nath,9 Andishe Attarbaschi,10 Arend
von Stackelberg,11 Nicola Gökbuget,12 Carmelo Rizzari,13 Valentino Conter,13
Martin Schrappe,5 Joachim Boos1 and Claudia Lanvers-Kaminsky1

Ferrata Storti Foundation

Haematologica 2022
Volume 107(1):49-57

Department of Pediatric Hematology and Oncology, University Children's Hospital
Münster, Münster, Germany; 2Department of Pharmaceutical and Medical Chemistry,
Clinical Pharmacy, University of Münster, Münster, Germany; 3Center of Laboratory
Medicine, University Hospital Münster, Albert-Schweitzer-Campus 1, Münster,
Germany; 4Institute of Biostatistics and Clinical Research, University of Münster,
Münster, Germany; 5Department of Pediatrics, University Medical Center SchleswigHolstein, Campus Kiel, Kiel, Germany: 6Department of Pediatric Hematology and
Oncology, Medical School Hannover, Hannover, Germany; 7Department of Pediatric
Hematology and Oncology, University Hospital Motol, Praha, Czech Republic;
8
Laboratory of Cancer Pharmacology, Department of Oncology, Istituto di Ricerche
Farmacologiche Mario Negri IRCCS, Milan, Italy; 9Departments of Biochemistry and
Oncology, The Children’s Hospital at Westmead, Sydney Pharmacy School, University
of Sydney, Sydney, Australia; 10Department of Pediatric Hematology and Oncology, St.
Anna Children’s Hospital, Department of Pediatrics and Adolescent Medicine, Medical
University of Vienna, Vienna, Austria; 11Departments of Pediatric Oncology/Hematology
and of General Pediatrics, Charité -University Medicine Berlin, Berlin, Germany;
12
Department of Medicine, University Hospital, Frankfurt am Main, Germany and
13
Pediatric Hematology-Oncology Unit, Department of Pediatrics, University of MilanoBicocca, MBBM Foundation, ASST-Monza, Monza, Italy
1

ABSTRACT

A

ntibodies against polyethylene glycol (PEG) in healthy subjects
raise concerns about the efficacy of pegylated drugs. We evaluated the prevalence of antibodies against PEG among patients with
acute lymphoblastic leukemia (ALL) prior to and/or immediately after
their first dose of pegylated E.coli asparaginase (PEG-ASNase). Serum
samples from 701 children (673 with primary ALL, 28 with relapsed
ALL) and 188 adults with primary ALL were analyzed for anti-PEG IgG
and IgM. Measurements in 58 healthy infants served as a reference to
define cut-points for antibody-positive and -negative samples. The
prevalence of anti-PEG antibodies in ALL patients prior to the first
administration of PEG-ASNase was 13.9% for anti-PEG IgG and 29.1%
for anti-PEG IgM. After administration of PEG-ASNase the prevalence
of anti-PEG antibodies decreased to 4.2% for anti-PEG IgG and to 4.5%
for anti-PEG IgM. Pre-existing anti-PEG antibodies did not inhibit PEGASNase activity but significantly reduced PEG-ASNase activity levels in
a concentration-dependent manner. Although pre-existing anti-PEG
antibodies were not boosted, pre-existing anti-PEG IgG were significantly associated with first-exposure hypersensitivity reactions
(Common Terminology Criteria for Adverse Events grade 2) (P<0.01;
Fisher exact test). Two of four patients with pre-existing anti-PEG IgG
and first-exposure hypersensitivity reactions were not switched to
Erwinia ASNase and continued on PEG-ASNase with sufficient activity
(≥100 U/L). In conclusion, pre-existing anti-PEG antibodies were detected in a considerable proportion of patients with ALL and although they
did not inhibit PEG-ASNase activity, they were associated with lower
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serum PEG-ASNase activity levels. Patients with pre-existing antibodies may show mild to moderate
signs of hypersensitivity reaction after their first administration PEG-ASNase, which may be successfully addressed by re-challenge.

Introduction
Due to its favorable toxicity profile polyethylene glycol
(PEG) is widely used in foods, cosmetics, and pharmaceuticals.1 Pegylation can improve the therapeutic benefit of
protein drugs. It prolongs their elimination by increasing
the molecular mass and protecting them from enzymatic
cleavage and it decreases their immunogenicity by shielding potential antigenic epitopes.2-4 Numerous pegylated
drugs are currently marketed in the USA and Europe
including pegylated uricase (KrystexxaTM), pegylated interferon (PegasysTM, PegIntronTM) and pegylated E. coli
asparaginase (PEG-ASNase) (OncasparTM, calaspargase,
AsparlasTM).5-8 The asparagine-hydrolyzing enzyme
asparaginase (ASNase) is crucial for the successful treatment of acute lymphoblastic leukemia (ALL)9,10 and
because of its favorable drug characteristics PEG-ASNase
is increasingly replacing its unmodified native form in
frontline treatment of ALL.11-13
While pegylated proteins, despite their higher molecular
mass, tend to be less immunogenic than their non-pegylated forms of protein drugs, antibodies against PEG have
been detected in patients treated with pegylated proteins
as well as in healthy volunteers.14 The reported prevalence
varies widely between studies (0.2-72%) which is partly
due to the use of different detection methods and cutpoint definitions (Online Supplementary Tables S1 and S2).
In animal studies anti-PEG antibodies, especially anti-PEG
IgM, were considered responsible for the accelerated
blood clearance of pegylated proteins, liposomes, and
nanoparticles.15,16 In human studies, the reported effects of
anti-PEG antibodies on the therapeutic efficacy of pegylated drugs have been ambiguous; no effects of antibodies
against PEG have been observed for pegylated interferons
to date,17 whereas in patients with gout anti-PEG IgM and
anti-PEG IgG were associated with a faster elimination of
PEG-uricase.18,19 Drug authorities now require evaluation
of the relevance of anti-PEG antibodies during drug development and registration processes.20,21
Published data suggest that anti-PEG antibodies may
have important effects on the efficacy of PEG-ASNase.
Armstrong et al. detected anti-PEG antibodies in 12 of 15
patients with undetectable ASNase activities after PEGASNase administration and also in four of 12 patients
before their first PEG-ASNase administration.22 Liu et al.
recently showed that anti-PEG ASNase antibodies consisted mainly of antibodies against PEG rather than E. coli
Table 1. Demographics of the patients in the three cohorts of acute lymphocytic leukemia cases.

Protocol
Number
Sex (M/F)
Age, years
Median
Range

ALL-cohort 1
ALL-cohort 2
ALL-cohort 3
AIEOP-BFM ALL 2009 ALL-REZ BFM 2002 & GMALL 07/2003
ALL-REZ BFM Observ.a
673
401/272

28
19/9

188
120/68

5.6
1 - 18

8.5
5 - 17

36
18 - 74

Observational Study and Biobank. M: male; F: female.

a
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ASNase and were significantly associated with hypersensitivity reactions to PEG ASNase.23
Given the increasing use of PEG-ASNase in frontline
treatment for ALL, the aims of this study were to: (i) evaluate the prevalence of anti-PEG antibodies in three
cohorts of patients (children and adults with primary ALL
and children with relapsed ALL) before and/or immediately after their first dose of PEG-ASNase during induction
treatment, and (ii) investigate the effects of pre-existing
anti-PEG antibodies on PEG-ASNase activities and hypersensitivity reactions.

Methods
Patients
Samples for anti-PEG antibody determination were obtained
from children with primary ALL (ALL-cohort 1), children with
relapsed ALL (ALL-cohort 2), adults with primary ALL (ALLcohort 3) and healthy infants, who served as the reference cohort.
Patients in ALL-cohort 1 were treated according to the AIEOPBFM ALL 2009 trial (ClinicalTrials.gov identifier: NCT01117441)
and a total of 673 plasma samples were collected from 673 pediatric patients (401 males, 272 females) prior to their first administration of PEG-ASNase. In addition, 646 patients provided one or
two more serum samples (1,183 in total) taken within 15 days
after the first PEG-ASNase dose on day 12 of induction.
Patients in ALL-cohort 2 were diagnosed with relapsed ALL and
treated according to the protocol of the ALL-REZ BFM 2002
(ClinicalTrials.gov identifier: 00114348) or the ALL-REZ BFM
Observational Study and Biobank study. Twenty-eight samples
were collected from 28 patients (19 males, 9 females) 0 to 2 days
after the first dose of PEG-ASNase
Patients in ALL-cohort 3 were treated according to the multicenter GMALL 07/2003 trial (ClinicalTrials.gov identifier:
00198991). A total of 188 samples from 120 males and 68 females
were taken on the same day after the first administration of PEGASNase (n=16) or the following day (n=172). Further details on
the ALL cohorts are provided in Table 1 and in the Online
Supplementary Data.
The respective ALL studies were approved by national and
local review boards in accordance with the Helsinki Declaration
and national laws. The approvals included monitoring antibodies
against PEG-ASNase and determination of ASNase activity.
Patients and/or their guardians gave their signed informed consent
to participate in the monitoring of ASNase activities and antibodies against PEG-ASNase.
Serum samples from 58 infants <1 year, who were considered
naïve to PEG were used as reference. The Central Laboratory of
the University Hospital Muenster provided anonymized remainders of routine serum samples from infants. Only age in months
was disclosed. Thus, these samples were considered as completely anonymized leftover material.

Determination of antibodies against PEG
For the detection of anti-PEG IgG and anti-PEG IgM the flow
cytometry method described by Armstrong et al.22 was transferred
to a 96-well format with fluorescent read-out. TentaGel M OCH
particles (10 mm), to which methoxy-polyethylene glycol chains
with a mean molecular weight of 5,000 Da were covalently
3
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The MFI for anti-PEG IgG was between 0.65 and 67.4,
whereas that for anti-PEG IgM was between 0.13 and 30.8.
Overall, anti-PEG IgG levels correlated with anti-PEG IgM
levels (r=0.68, P<0.005, Pearson correlation). However,
high anti-PEG IgG levels did not necessarily coincide with

high anti-PEG IgM levels and vice versa (Online
Supplementary Tables S3 and S4). On average the lowest
levels of anti-PEG IgG and IgM were determined in the reference cohort and the highest levels in children with primary ALL prior to their first dose of PEG-ASNase (ALLcohort 1) (Figure 1).
In ALL-cohort 1 anti-PEG IgG and IgM levels were significantly lower after the administration of PEG-ASNase.
This difference was statistically significant in an unpaired
analysis, when all samples available after the first administration were included (n=1,183, median days after administration: 13; range: 1-15; P<0.001, Mann-Whitney rank
sum test) and in a paired analysis, when only the first sample taken after administration was chosen for the pairwise
comparison (n=646, median days after administration: 7;
range: 1-15; P<0.001, Wilcoxon signed-rank test). In addition, anti-PEG IgG and IgM levels were also significantly
lower in ALL-cohorts 2 and 3, which were analyzed after
PEG-ASNase administration (P<0.001, Kruskal-Wallis oneway analysis of variance on ranks, all pairwise multiple
comparison procedures [Dunn method]) (Figure 1). The
prevalence of anti-PEG antibodies was correspondingly
lower in samples/patients analyzed after administration of
PEG-ASNase (Figure 2C-E). In ALL-cohort 1 13.9% of samples were positive for anti-PEG IgG and 29.1% positive for
anti-PEG IgM prior to the administration of PEG-ASNase.
After administration of PEG-ASNase the prevalence
dropped to 4.2% for anti-PEG IgG and 4.5% for anti-PEG
IgM. This represented a significant reduction in prevalence
by PEG-ASNase administration (P<0.0001, McNemar χ2
test with continuity correction) (Figure 2B, C). Among

A

B

bound, were used as the antigen (RAPP Polymere, Tuebingen,
Germany). Mean fluorescent intensities (MFI) of duplicate determinations were calculated for anti-PEG IgG and IgM levels. Based
on the MFI, determined in the reference cohort, cut-points of 8
(anti-PEG IgG) and 2 (anti-PEG IgM) were defined to classify samples as positive or negative. A detailed description of the method
for the determination of anti-PEG antibodies and its performance
characteristics is included in the Online Supplementary Data along
with a description of the measurement of PEG-ASNase activity
and total IgG and IgM.

Statistics
Statistical analyses were performed using SAS® Version 9.4
(SAS Institute Inc., Cary, NC, USA) and RStudio Version 1.2.5033
(RStudio: Integrated Development for R. RStudio, Inc., Boston,
MA, USA. URL: http://www.rstudio.com/). Kruskal-Wallis one way
analysis of variance on ranks, all pairwise multiple comparison
procedures (Dunn method, Holm-Sidak method), the MannWhitney rank sum test, Wilcoxon signed-rank test, χ2 test,
McNemar χ2 test with continuity correction, Fisher exact test,
Pearson correlation and logistic regression were used as indicated.

Results
Anti-PEG IgG and anti-PEG IgM antibody levels

Figure 1. Box plots of anti-PEG antibodies in the reference and acute lymphocytic leukemia cohorts. (A, B) Box plots of anti-PEG IgG (A) and anti-PEG IgM (B) mean
fluorescent intensities (MFI) determined in the reference and the acute lymphocytic leukemia (ALL) cohorts. The boxes represent the first and third quartiles, the
lines in the box the represent the medians, the whiskers the first quartile – (1.5 x the interquartile range between the first and third quartiles [IQR]) and the third
quartile + (1.5 x IQR), and the dots the outliers. The dashed reference lines represent the cut-points for anti-PEG IgG (MFI = 8) (A) and anti-PEG IgM (MFI = 2) (B).
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Figure 2. Scatter plots of anti-PEG IgM versus anti-PEG IgG levels determined in the reference and the acute lymphocytic leukemia cohorts. (A) Samples of the reference cohort were taken from healthy infants. (B, C) Samples of acute lymphocytic leukemia (ALL)-cohort 1 were taken from patients treated according to the AIEOPBFM ALL 2009 trial and were either collected prior to their first dose of PEG-asparatinase (ASNase) (B) or within 15 days after administration of the first PEG-ASNase
dose (C). (D, E) Samples from ALL-cohort 2 (children with relapsed ALL treated according to the ALL-REZ BFM 2002 and the ALL-REZ BFM ALL observational study
and biobank) (D) and samples from ALL-cohort 3 (adults treated according to the GMALL 07/2003 protocol) (E) were taken after administration of PEG-ASNase. AntiPEG antibodies were determined by the level of mean fluorescent intensity (MFI). In (A) the dashed light blue vertical line represents the 95th percentile of anti-PEG
IgM MFI and the dashed green horizontal line represents the 95th percentile of anti-PEG IgG MFI determined in the reference cohort. The solid reference lines represent the defined cut-points after visual adjustment for anti-PEG IgM (light blue vertical line, MFI = 2) and anti-PEG IgG (green horizontal line, MFI = 8).

patients with pre-existing anti-PEG antibodies, the antibody levels decreased a mean of about 2.7-fold for antiPEG IgG and about 4.1-fold for anti-PEG IgM.

PEG-asparaginase activities
PEG-ASNase activities were determined in 1,183 samples from 646 patients of ALL-cohort 1. Samples were collected within 15 days of the first administration of 2,500
U/m2 PEG-ASNase (maximum 3,750 U per dose) on day 12
of induction. Of these samples, 95.5% were collected at
the scheduled times (day 7±1 and day 14±1 after administration). The mean (± standard deviation) PEG-ASNase
activities determined were 911±311 U/L on day 7±1 and
527±200 U/L on day 14±1.
PEG-ASNase activities were significantly lower among
patients with elevated anti-PEG IgG (MFI ≥8) or anti-PEG
IgM (MFI ≥2) prior to their first dose of PEG-ASNase
(P<0.05, Kruskal-Wallis one way analysis of variance on
ranks, all pairwise multiple comparison procedures [HolmSidak method]). In addition, the PEG-ASNase activities
decreased with increasing anti-PEG antibody levels prior to
administration (Figure 3). To evaluate the effect of antiPEG antibodies on PEG-ASNase activities in individual
patients, mean PEG-ASNase activities were calculated for
the respective day after administration and individual PEGASNase activities were categorized as above or below the
respective means. Pre-existing anti-PEG IgG (MFI ≥8) as
well as pre-existing anti-PEG IgM (MFI ≥2) increased the
risk of PEG-ASNase activities below average (anti-PEG
52

IgG: odds ratio [OR]: 2.06, 95% confidence interval [95%
CI]: 1.44-2.96; anti-PEG IgM: OR: 1.65; 95% CI: 1.27-2.15;
P<0.001, χ2 test). No such associations were observed for
anti-PEG IgG and IgM levels determined after PEG-ASNase
administration. Pre-existing anti-PEG antibodies reduced
but did not eliminate PEG-ASNase activities (Figure 3).
Comparing the distribution of PEG-ASNase activities
above and below 400 U/L, 100 U/L and the lower limit of
quantitation (LLOQ = 5 U/L), significantly more samples
with PEG-ASNase activities <400 U/L were found in
patients with already existing anti-PEG antibodies (Table
2). No differences were observed for the distribution of
PEG-ASNase activities above and below 100 U/L and the
LLOQ (Table 2). Thus, silent inactivation of PEG-ASNase,
which is defined by PEG-ASNase activities <100 U/L within 7±1 days and/or undetectable PEG-ASNase activities
within 14±1 days after administration without signs of
hypersensitivity reaction, was not affected by pre-existing
anti-PEG antibodies.24,25 Anti-PEG antibodies did not inhibit
the catalytic activity of PEG-ASNase and anti-PEG IgG
and/or IgM had no effect on asparagine hydrolysis by PEGASNase (Online Supplementary Figure S4).

Anti-PEG antibodies prior to treatment with
PEG-asparaginasese and hypersensitivity reactions
to PEG-asparaginase
After initial exposure to PEG-ASNase, seven patients in
ALL-cohort 1 (1.0%) showed hypersensitivity reactions (all
Common Terminology Criteria for Adverse Events
haematologica | 2022; 107(1)
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Figure 3. Box plots of PEG-asparaginase activities after the first dose of the drug. PEG-asparaginase (ASNase) activities were determined in patients of acute lymphoblastic leukemia (ALL) cohort 1 on day 7±1 and day 14±1 after administration of the first dose of PEG-ASNase and grouped according to various cut-points for
pre-existing anti-PEG IgG and IgM mean fluorescent intensity (MFI). The light gray boxes represent PEG-ASNase activities determined in patients with anti-PEG antibody levels below the respective cut-point and the dark gray boxes represent PEG-ASNase activities determined in patients with anti-PEG antibody levels above the
respective cut-point. The boxes represent the first and third quartiles, the lines in the box the medians, the whiskers the first quartile – (1.5 x the interquartile range
between the first and third quartiles [IQR]) and the third quartile + (1.5 x IQR), and the dots the outliers. The dashed reference line represents the target PEG-ASNase
activity of 100 U/L.

[CTCAE] grade 2) which were significantly associated
with pre-existing anti-PEG IgG levels. Four of seven
patients had pre-existing anti-PEG IgG (MFI ≥8) before
their first PEG-ASNase dose (Table 3). No pre-existing antiE. coli ASNase antibodies were detected in these patients.
Four patients (2 with and 2 without pre-existing anti-PEG
antibodies) were switched to Erwinia ASNase. Among the
four patients with a first-exposure hypersensitivity reaction and pre-existing anti-PEG IgG no further boosts of
anti-PEG IgG levels were observed. The two patients with
pre-existing anti-PEG IgG, who continued on PEGASNase, completed the scheduled PEG-ASNase treatment
without further signs of hypersensitivity. The relative risk
of a hypersensitivity reaction upon first exposure to PEGASNase was 8 times higher for patients with anti-PEG IgG
MFI ≥8 and 50 times higher for patients with anti-PEG IgG
MFI ≥25 prior to their first PEG-ASNase (Table 3). This
association was only observed for pre-existing anti-PEG
IgG and not for pre-existing anti-PEG IgM.

Discussion
We detected a high prevalence of anti-PEG IgG (13.9%)
haematologica | 2022; 107(1)

and IgM (29.1%) among children with primary ALL prior to
their first PEG-ASNase.
Antibodies against PEG had already been detected in
healthy volunteers of different ages and ethnicity and in
patients who had never been treated with pegylated drugs
before. The prevalence of anti-PEG antibodies in ALLcohort 1 was within the range of reported prevalences (0.2
to 72%).14,18,19,22,26–30 However, it must be acknowledged that
it is difficult to compare the prevalence between different
studies when different methods and cut-points were used
(Online Supplementary Tables S1 and S2).
The reported effects of pre-existing anti-PEG antibodies
on the efficacy and tolerability of pegylated drugs vary.14,17–
19,31,32
Unexpectedly, the first administration of PEG-ASNase
did not trigger the formation of further anti-PEG antibodies.
Instead, anti-PEG antibody levels and their prevalence
decreased, which was different from a typical hypersensitivity reaction to PEG-ASNase that developed after repeated administration of PEG-ASNase.23,33–35 We also observed
no increase in anti-PEG antibodies in the seven patients
with hypersensitivity reaction at first exposure to PEGASNase.
Four of these patients had pre-existing anti-PEG IgG (MFI
≥8) (Table 3). This association was significant and the risk
53
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Table 2. Distribution of PEG-asparaginase activities below and above various thresholds among patients with and without preexisting anti-PEG
antibodies.

PEG-ASNase
levels
< LLOQ
≥ LLOQ
< 100 U/L
≥ 100 U/L
< 400 U/L
≥ 400 U/L

PEG-ASNase
levels
< LLOQ
≥ LLOQ
< 100 U/L
≥ 100 U/L
< 400 U/L
≥ 400 U/L

Pre-existing anti-PEG IgG
yes
no
[MFI ≥ 8]
[MFI < 8]
2
88
6
84
35
55

4
552
7
549
116
440

Pre-existing anti-PEG IgM
yes
no
[MFI ≥ 2]
[MFI < 2]
2
189
6
185
55
136

4
451
7
448
96
359

odds ratio (95% CI)

P-value

adjusted P-value

3.14

(0.57-17.4)

0.198

0.535

5.60

(5.6-17.1)

0.005

0.085

2.41

(1.51-3.86)

0.0005

0.002

P-value

adjusted P-value

odds ratio (95% CI)
1.19

(0.22-6.57)

1

0.535

2.08

(0.69-6.62)

0.22

0.476

1.51

(1.03-2.22)

0.045

0.021

For each patient of ALL-cohort 1 only the lowest PEG-ASNase activities determined within 15 days after administration of 2500 U/m2 PEG-ASNase were evaluated. PEG-ASNase:
polyethylene glycol asparaginase; MFI: mean fluorescence intensity; 95% CI: 95% confidence interval; LLOQ: lower limit of quantification; >: above threshold; <: below threshold.

for hypersensitivity reaction increased with increasing antiPEG IgG levels prior to PEG-ASNase administration. A significant association between pre-existing anti-PEG antibodies and first-exposure hypersensitivity reaction was also
documented in the RADAR phase IIb clinical trial, which
evaluated pegnivacogin, a 2’-fluoropyrimidine-modified
RNA aptamer, in patients with acute coronary syndrome.31
Among the six patients with the highest anti-PEG antibody
levels prior to pegnivacogin administration, three suffered
from a first-exposure hypersensitivity reaction. The firstexposure hypersensitivity reactions in the RADAR phase
IIb clinical trial affected only 0.5% of patients but were considered serious and led to early termination of the trial.31 In
ALL-cohort 1 the first-exposure hypersensitivity reactions
to PEG-ASNase were, however, only moderate (CTCAE
grade 2).
Symptoms of moderate hypersensitivity reactions
(CTCAE grade ≤2) and infusion-related adverse events are
often difficult to distinguish.36 Typically, hypersensitivity
reactions occur after re-challenge to the antigen and are
associated with an increase in antibodies, which can persist in the blood for up to several weeks.23,37 Since this was
not the case in patients with first-exposure hypersensitivity reactions to PEG-ASNase and only moderate hypersensitivity reactions (CTCAE grade 2) occurred, one might
conclude that pre-existing anti-PEG IgG simply predispose
to mild hypersensitivity reactions for which re-challenge
with PEG-ASNase may be possible. The two ALL patients
with pre-existing anti-PEG IgG who developed first-exposure hypersensitivity reactions to PEG-ASNase and did
not switch to Erwinia ASNase tolerated their subsequent
PEG-ASNase administrations well.
Pre-existing anti-PEG antibodies are most likely triggered by repeated contact with PEG-containing products
of daily life, such as cosmetics, pharmaceuticals and food.
Depending on the nature of the PEG-containing compound, different immunological mechanisms are supposed to facilitate the anti-PEG antibody response.28,38,39
Experiments in nude mice showed that pegylated proteins induced the production of anti-PEG IgM in a T-cell54

dependent manner, whereas the induction of anti-PEG
IgM by pegylated liposomes was T-cell independent.39,40
Furthermore, studies in animals indicated that these different immunological processes may also lead to antibodies with different properties.40 Similar processes might
also be feasible in humans and might explain why
patients with pre-existing antibodies showed different
antibody responses after their first PEG-ASNase dose
than patients who developed a hypersensitivity reaction
to the PEG-ASNase after repeated administrations and in
whom the PEG covalently bound to the bacterial ASNase
acted as a hapten.23,37 According to the “Consensus expert
recommendations for identification and management of
ASNase hypersensitivity and silent inactivation” discontinuation of treatment is recommended for grade ≥2 allergic reactions.24 Recently, the National Comprehensive
Cancer Network clinical practice guidelines and other
expert reviews on ASNase hypersensitivity recommended switching of ASNase preparations only in the event of
grade ≥3, severe or life-threatening allergic or anaphylactic reactions.36,41–43 In addition, because of the repeated
shortage of Erwinia ASNase, various strategies were evaluated in order to avoid or delay a switch to Erwinia
ASNase as long as possible.36,44,45 Thus, PEG-ASNase was
either generally administered under premedication or in
the case of hypersensitivity reactions grade ≤2 under premedication at initially reduced infusion rates. In each
case, PEG-ASNase activity was monitored to detect silent
inactivation or premedication-masked hypersensitivity
reactions.
Pre-existing anti-PEG antibodies reduced the PEGASNase activity levels as a function of concentration, but
did not reduce the PEG-ASNase activity levels to such an
extent that the criteria of silent inactivation were fulfilled.
Silent inactivation (or subclinical hypersensitivity reaction) is characterized by the development of antibodies
without overt symptoms of a hypersensitivity reaction.24,25 According to the “Consensus expert recommendations for identification and management of asparaginase hypersensitivity and silent inactivation” silent inactihaematologica | 2022; 107(1)
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Table 3. Distribution of pre-existing anti-PEG IgG levels (at various thresholds) among patients of ALL-cohort 1 with and without first-exposure hypersensitivity reactions to PEG-asparaginase.

Anti-PEG IgG level
prior to first
PEG-ASNase
MFI > 25
MFI ≤ 25
MFI > 15
MFI ≤ 15
MFI > 8
MFI ≤ 8

Hypersensitivity reaction
to first PEG-ASNase
No
Yes
7
659
26
640
90
576

3
4
4
3
4
3

Pa

Odds ratio
(95% CI)

Relative risk
(95% CI)

Statistics
PPV
(95% CI)

NPV
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI)

0.00008

70.6
(10.1-497)
32.8
(5.80-197)
8.53
(1.59-48.9)

49.7
(9.33-228)
28.6
(5.57-157)
8.21
(1.58-45.7)

0.30
(0.07-0.65)
0.13
(0.04-0.31)
0.04
(0.01-0.11)

0.99
(0.98-1.00)
0.99
(0.99-1.00)
0.99
(0.98-1.00)

0.43
(0.10-0.82)
0.57
(0.18-0.90)
0.57
(0.18-0.90)

0.99
(0.98-1.00)
0.96
(0.94-0.97)
0.86
(0.84-0.89)

0.0001
0.009

a
Fisher exact test; PEG-ASNase: polyethylene glycol asparaginase; 95% CI: 95% confidence interval; PPV: positive predictive value; NPV: negative predictive value; MFI: mean fluorescence
intensity

vation of PEG-ASNase is defined by PEG-ASNase activities ≤100 U/L within 7 days and undetectable PEGASNase activities within 14 days after administration.24
Neutralizing antibodies but also an accelerated elimination of antigen-antibody complexes are being discussed
as the underlying cause for the rapid decrease in ASNase
activity.24,25 We could not detect any inhibition of
asparagine hydrolysis by anti-PEG antibodies (Online
Supplementary Figure S4). Animal studies have shown an
increased clearance of pegylated proteins, liposomes and
nanoparticles in the presence of anti-PEG IgM and antiPEG IgG.15,16 In nude mice, anti-PEG IgM induced a rapid
clearance of pegylated protein from serum with simultaneous accumulation in the liver. Similar processes could
also be conceivable in humans. The increased clearance of
PEG uricase in gout patients was associated with an
increase in anti-PEG IgG and IgM levels.18,19 The lower
PEG-ASNase activity levels in patients with pre-existing
antibodies might have been caused by an increased clearance of PEG-ASNase.
When comparing the distribution of PEG-ASNase activities above and below 400 U/L, 100 U/L and the LLOQ (5
U/L), we found a significant difference between patients
with and without pre-existing anti-PEG antibodies only
at 400 U/L. The 400 U/L value was chosen in addition to
the generally accepted target activity of 100 U/L and the
LLOQ because 400 U/L have been shown to result in
deeper asparagine depletion.46,47 This higher activity level
and its associated glutaminase activity have been suggested to increase the effectiveness of ASNase against
leukemic blasts with residual asparagine synthetase activity.48 Several studies have recently shown that PEGASNase clearance in a patient can vary significantly
between different parts of the protocol.49,50 Thus, the
effect of increased PEG-ASNase clearance due to preexisting antibodies on the intensity of ASNase therapy
would depend on the dose and concomitant ALL treatment. Therefore, the effects of pre-existing anti-PEG antibodies on the pharmacokinetics of PEG-ASNase must be
determined separately for each protocol.
In summary, we observed a considerable number of
patients with pre-existing antibodies against PEG. AntiPEG antibody kinetics after PEG-ASNase administration
were not the same in patients with pre-existing antibodies as in patients with hypersensitivity reactions after
repeated PEG-ASNase administration.23,37 Pre-existing
anti-PEG antibodies may cause mild to moderate symptoms of hypersensitivity reaction with the first administration of PEG-ASNase, which might be addressed by rechallenge. They do not inhibit PEG-ASNase activity but
haematologica | 2022; 107(1)

lower PEG-ASNase activity levels, which, depending on
the dose and protocol, may interfere with the targeted
PEG-ASNase treatment intensity.
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