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Acute lymphoblastic leukemia (ALL) is the most 
common pediatric malignancy.1 Current surviv-
al rates for pediatric ALL are approaching 90% 

in the United States.1,2 This has been accomplished by 
dose intensification, risk stratification, extended treat-
ment duration, and central nervous system prophylax-
is.1,2 Asparaginase, an enzyme responsible for catalyzing 
the hydrolysis of asparagine into aspartic acid and am-
monia, remains an important component of therapy in 
pediatric patients with ALL. Asparagine is a nonessen-
tial amino acid in normal cells; however, it is essential 

for the survival and proliferation of lymphoblastic 
B-cells because of a dependence on exogenous sources 
required for protein, DNA, and RNA synthesis.3 

All asparaginase agents are bacterially derived; L-as-
paraginase and polyethylene glycol asparaginase (pegas-
pargase) are derived from Escherichia coli, and Erwinia 
asparaginase is derived from Erwinia chrysanthemi.3 De-
spite the importance of asparaginase therapy in the 
management of ALL, several dose-limiting toxicities 
exist and require careful consideration.3 Currently, 
pegaspargase is the first-line option for treatment-naïve 
pediatric ALL patients.3

All asparaginase preparations, including pegaspar-
gase and Erwinia asparaginase, can cause hypersensi-
tivity reactions (HSRs) resulting from foreign protein 
immunogenicity.4 Other remarkable complications 

Hypersensitivity Rates in Pediatric Patients 
Receiving Intravenous or Intramuscular 
Asparaginase Agents  
Zachery Halford, PharmD, BCOP, BCPPS; Megan Park, PharmD, MBA, DPLA

BACKGROUND: Asparaginase agents are vital in the treatment of acute lymphoblastic leukemia 
(ALL) and can be delivered via an intravenous (IV) or intramuscular (IM) injection. Hypersensitivity 
reaction (HSR) rates with these agents are common, multifactorial, and treatment-altering. The 
specific route of asparaginase administration may lead to disparate rates of HSRs and other ad-
verse events in pediatric patients with ALL. 
OBJECTIVE: To analyze the role of administration route in the incidence and severity of adverse 
events in pediatric patients receiving asparaginase therapy. 
METHODS: This single-center, retrospective analysis evaluated patients receiving pegaspargase 
or Erwinia asparaginase from January 1, 2008, through September 30, 2015. The primary out-
come measured the incidence of HSRs with IV or IM pegaspargase and IV or IM Erwinia aspara-
ginase. Secondary outcomes included the potential role of administration route on the timing and 
rate of adverse drug events. 
RESULTS: A total of 368 patients received pegaspargase during the study period. Of this group, 
199 received only IV pegaspargase, 138 received only IM pegaspargase, and 31 received both IV 
and IM pegaspargase. Overall, HSRs occurred in 18.6% of patients who received IV administra-
tion and 13.8% who received IM administration (P = .241). Among patients who received both 
routes during ALL treatment, 9.7% had an HSR. A total of 43 (76.8%) patients had an HSR during 
the consolidation phase of therapy. A total of 517 Erwinia asparaginase doses were administered, 
and only 1 patient had an HSR. We found increased antiemetic use in 28 (36.4%) of 77 IV Erwinia 
asparaginase doses compared with only 28 (6.4%) of 440 IM doses (P <.001).
CONCLUSION: Our findings showed no significant difference in HSR rates between patients 
receiving IV pegaspargase and those receiving IM pegaspargase. Hypersensitivity resulting from 
Erwinia asparaginase were infrequent, and IV Erwinia asparaginase administration displayed more 
emetogenicity than the traditional IM route.

KEY WORDS: acute lymphoblastic leukemia, Erwinia asparaginase, hypersensitivity reaction,  
intramuscular administration, intravenous administration, pediatric patients, pegaspargase

Dr Halford is Associate Professor, Pharmacy Practice, Union 
University, Jackson, TN; Dr Park is Clinical Director, 
Pharmacy Informatics at Intermountain Healthcare, Salt 
Lake City, UT.

J Hematol Oncol Pharm.
2020;10(1);7-12
www.JHOPonline.com

Disclosures at end of text

Copyright © 2020 by Green Hill Healthcare Communications, LLC; protected by U.S. copyright law. 
Photocopying, storage, or transmission by magnetic or electronic means is strictly prohibited by law.



8 Journal of Hematology Oncology Pharmacy  l  www.JHOPonline.com February 2020  l  Vol 10  |  No 1

ORIGINAL RESEARCH

include pancreatitis, thrombosis, bleeding, hypergly-
cemia, hyperbilirubinemia, and liver dysfunction.3 
The most common manifestation of asparaginase hy-
persensitivity is urticarial, although symptoms may 
range from local and transient erythema to systemic 
and life-threatening anaphylaxis.5 Other common 
hypersensitivity symptoms include induration, pain, 
bronchospasm, edema, pyrexia, emesis, and cutaneous 
reactions.4,6,7

Although the pathogenic pathway describing HSRs 
to asparaginase is not fully known, previous studies 
have demonstrated some involvement of immunoglob-
ulin E antibodies and/or complement activation.5 Hy-
persensitivity to pegaspargase can be acute or delayed, 
and can occur after any dose administered throughout 
ALL therapy.4 Acute HSRs typically occur within 1 
hour of drug administration and range from mild local 
irritation to complicated anaphylaxis.8 

Although pegaspargase is less immunogenic than the 
native L-asparaginase agent, severe infusion reactions 
still occur frequently, with a recent meta-analysis show-
ing an HSR rate of 23.5%.9 Historically, L-asparaginase 
was delivered via intramuscular (IM) injection.4,10-12 
Previous studies showed significantly fewer systemic 
HSRs in patients receiving IM administration com-

pared with those receiving intravenous (IV) adminis-
tration.6,9,11-15

With native L-asparaginase, up to 65% of patients 
receiving IV administration had HSRs compared with 
only 20% of patients receiving IM administration.16,17 
Consequently, these high rates of HSRs coupled with 
frequent dosing requirements of the nonpegylated for-
mulation resulted in the United States adopting pegas-
pargase as first-line asparaginase therapy in 2006.3

Recent pegaspargase studies demonstrated that it can 
be given via IV administration without significant 
toxicity.6,13,18 The Children’s Oncology Group (COG) 
modified many of its ALL protocols to reflect this, and 
now IV administration is the preferred route in all pedi-
atric ALL protocols. IV administration is a patient sat-
isfier and improves treatment perceptions.9 Many pa-
tients dislike receiving multiple IM injections, and the 
alternative IV route is the more humane course of ac-
tion, because it is associated with less pain and anxiety, 
along with fewer injections.9 After conversion from IM 
to IV pegaspargase, concerns regarding increased hyper-
sensitivity rates with IV administration emerged.6,13

Severe HSR of pegaspargase via IV or IM route of 
administration necessitates substitution with antigeni-
cally distinct Erwinia asparaginase.19 Hypersensitivity to 

Table 1  Pharmacologic Comparison of Available Asparaginase Agents

Variable

Pegaspargase Erwinia asparaginase

Intravenous Intramuscular Intravenous Intramuscular

FDA approval 2005 1994 2015 2011

Indications As a component of multi-agent 
chemotherapy for first-line 
treatment of ALL 

Treatment of patients with ALL 
and hypersensitivity to native 
L-asparaginase

As a component of multi-agent 
chemotherapy for first-line 
treatment of ALL

Treatment of patients with ALL 
and hypersensitivity to native 
L-asparaginase

As a component of multi-agent 
chemotherapy for the treatment 
of patients with ALL and a 
hypersensitivity to E coli–derived 
asparaginase

As a component of multi-agent 
chemotherapy for the treatment 
of patients with ALL and a 
hypersensitivity to E coli–derived 
asparaginase

Pediatric dosing 2500 IU/m2 per dose based on 
treatment guideline

2500 IU/m2 per dose based on 
treatment guideline

25,000 IU/m2, 3 times weekly for 
6 doses, for each planned 
pegaspargase dose

25,000 IU/m2, 3 times weekly for 
6 doses, for each planned 
pegaspargase dose

Administration Give over 1-2 hrs in 100 mL of 
sodium chloride or dextrose 
injection 5%

Limit volume of each injection  
to 2 mL

If more volume required, use 
multiple injection sites

Give over 1-2 hrs in 100 mL of 
normal saline

Limit volume of each injection  
to 2 mL

If more volume required, use 
multiple injections

Pharmacokinetics Half-life: Approximately 7 days

Duration of asparagine depletion: 
approximately 21 days

Half-life: Approximately 5.8 days

Duration of asparagine depletion: 
2-4 weeks

Half-life: Approximately 7.5 hrs Half-life: Approximately 16 hrs

Therapeutic monitoring Not required routinely Not required routinely Consider nadir serum 
asparaginase activity levels

Not required routinely

Availability 750 units/mL (5 mL) 750 units/mL (5 mL) 10,000 units (1 mL) 10,000 units (1 mL)

ALL indicates acute lymphoblastic leukemia; FDA, US Food and Drug Administration. 
Sources: Oncaspar (pegaspargase) injection prescribing information, May 2015; Erwinaze (asparaginase Erwinia chrysanthemi ) for injection prescribing information, March 2016. 
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Erwinia asparaginase is generally not common, although 
still possible, and warrants careful monitoring.7,19 The 
treatment of these asparaginase reactions remains sup-
portive care, with subsequent immune factor monitor-
ing to determine the asparaginase activity.3,19-21 There is 
a relative paucity of data evaluating the safety and effi-
cacy differences between IV and IM Erwinia asparagi-
nase in pediatric patients with ALL.7,10,22

No recommendations are available regarding a pre-
ferred administration route for Erwinia asparaginase, 
although the majority of European oncology groups use 
the IV route, whereas North American groups prefer 
the IM route of administration.7 Vrooman and col-
leagues found IV Erwinia asparaginase to be safe and 
effective despite various pharmacokinetic differences, 
including possible subtherapeutic nadir serum asparagi-
nase activity at 72 hours postdosing.10 

A pharmacologic comparison of available asparagi-
nase agents is provided in Table 1.20,21 At the time of 
this study, data comparing HSR rates between IV and 
IM asparaginase agents in pediatric patients with ALL 
were scant. Since converting from IM to IV administra-
tion of pegaspargase, our institution identified anecdot-
al evidence suggesting a disparity in rates of HSRs 
based on route of administration. This is consistent 
with recent findings from other institutions.6,11,13,14

For example, Petersen and colleagues showed a sig-
nificant difference in rates of HSRs between IV and IM 
pegaspargase (19.5% vs 10.7%, respectively; P = .028).13 
A similar report comparing rates of HSRs showed a sig-
nificant difference between IV and IM administration 
(36% vs 9%, respectively; P = .019).6 This study had a 
relatively small cohort, with only 11 total patients re-
ceiving IV pegaspargase.6 Finally, a large retrospective 
study evaluated 6 COG trials with a combined 16,534 
patients.8 This analysis provides the largest collection of 
pegaspargase data for IV and IM administration. From 
2003 through 2015, these COG trials showed that IV 
pegaspargase elicited fewer HSRs than IM administra-
tion (3.2% vs 5.4%, respectively; P <.0001).8 

Unfortunately, the rates of Erwinia asparaginase hy-
persensitivity based on route of administration were not 
evaluated, and the data remain sparse. One large com-
passionate-use study evaluated the safety profile for IV 
and IM Erwinia asparaginase.22 The majority (91%) of 
patients received IM Erwinia asparaginase, and the 
rates of grade 3 or 4 HSRs were 6.9% and 2.8% in pa-
tients receiving IV and IM Erwinia asparaginase, re-
spectively.22 Furthermore, this study showed patients 
receiving Erwinia asparaginase had nausea (2.4%) and 
vomiting (3%) infrequently.22

The primary objective of our study was to identify 
whether the route of asparaginase administration alters 

the rate of HSRs. In addition, we evaluated whether 
patients had HSRs during different treatment phases of 
ALL, based on the administration route, and if the route 
of administration altered the incidence or severity of 
other adverse effects in pediatric patients with ALL. 

Methods
Our single-center, retrospective study was reviewed 

and approved by the Institutional Review Board at a 
tertiary academic medical center. All patients receiv-
ing pegaspargase or Erwinia asparaginase between 
January 1, 2008, and September 30, 2015, were consid-
ered for evaluation. Inclusion criteria for the study 
were individuals receiving pegaspargase or Erwinia as-
paraginase for a confirmed ALL diagnosis. We did not 
have an age limit; because this is a children’s hospital, 
the vast majority of patients are young. We were more 
interested in the rates of reactions in all of our pa-
tients, so we left the age limit open. The study exclud-
ed any individuals who received native L-asparaginase 
drug or the investigational drug EZN-2285 during the 
course of their treatment.

Eligible patients were cross-matched with patients 
who had a documented pegaspargase or Erwinia aspara-
ginase allergy in the electronic medical record (EMR). 
The EMR query also extracted specific data points, in-
cluding total asparaginase doses, date of allergy, and last 
date of asparaginase therapy.

The primary study outcome was to evaluate the inci-
dence of HSRs in patients receiving IV or IM pegas
pargase or Erwinia asparaginase. Secondary outcomes 
measured the rates of adverse drug events such as nau-
sea, vomiting, or hospitalization based on route of ad-
ministration. Nausea and vomiting were identified 
using administered antiemetic therapy as a surrogate 
marker. The administration route was evaluated to de-
termine if it played a role in the severity of HSR in 
patients receiving asparaginase agents. Finally, we as-
sessed the timing (ie, induction therapy, consolidation 
therapy, or postconsolidation therapy) of HSRs and 
evaluated which pegaspargase dose resulted in HSR.

All patients who had an HSR were evaluated using 
Common Terminology Criteria for Adverse Events 
(CTCAE) version 4.0 to determine the severity of the 
hypersensitivity reaction.23 

A chi-square analysis was used to evaluate the inci-
dence of hypersensitivity reactions between pegaspar-
gase routes of administration. The Erwinia asparaginase 
groups were evaluated using a Fisher’s exact test. Treat-
ment effects across the primary and secondary out-
comes were evaluated with a 2-sided significance level, 
set a priori at 0.05. No adjustments for multiple com-
parisons were made.
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Results
A total of 368 patients who received pegaspargase 

and 31 patients who received Erwinia asparaginase 
were deemed eligible for the study. Overall, 199 pa-
tients received only IV pegaspargase and 138 patients 
received only IM pegaspargase. The remaining 31 pa-
tients received both IV and IM pegaspargase during the 
course of their treatment (Table 2).

Grade 3 and 4 HSRs occurred in 18.6% of patients 
receiving IV and 13.8% receiving IM (P = .241) pegas-
pargase (Table 3). Among patients who received IV 
and IM pegaspargase, the hypersensitivity rate was 

9.7%. Of all patients with a documented HSR, 33 
(59%) were male. 

Furthermore, 39% (13) of male and 39% (9) of fe-
male patients received IM pegaspargase, whereas 70% 
(23) of male and 74% (17) of female patients received 
IV pegaspargase at some point in their treatment. Over-
all, the mean age of patients treated with pegaspargase 
was 8.3 years (range, 1-23 years; median, 7). Patients 
treated with IM pegaspargase were an average age of 9.2 
years (range, 1-23 years; median, 7), whereas patients 
treated with the IV formulation were an average age of 
8.1 years (range, 1-19 years; median, 7).

A significant increase in antiemetics use was detect-
ed in patients receiving IV Erwinia asparaginase com-
pared with IM Erwinia asparaginase (P <.001) or peg
aspargase (P = .003). Only 28 (7%) of the total 440 
Erwinia asparaginase IM doses required antiemetics, 
whereas 28 (36.4%) of the 77 IV Erwinia asparaginase 
doses required antiemetic therapy. 

We evaluated the timing of grade 3 and grade 4 
HSRs relative to the phase of treatment to determine 
when patients were at the highest risk for reacting to 
an asparaginase drug. In both groups, a majority of 
the HSRs occurred in the consolidation phase of 
therapy; 43 of 56 reactions occurred during consoli-
dation. The second scheduled pegaspargase dose re-
sulted in HSRs in 36 patients and was by far the most 
common dose responsible for infusion-related reac-
tions (64.3% of HSRs).

We also evaluated hospitalization rates. A total of 
26 patients were hospitalized as a result of HSRs, and 
6 patients were already admitted when anaphylaxis 
occurred. Nearly 61% of the patients who reacted had 
an HSR to IM pegaspargase that required hospitaliza-
tion compared with only 39% of those receiving IV 
pegaspargase. Hospital admission did not correlate 
with a specific route of administration (P = .324) or a 
total number of pegaspargase doses (P = .163). Of the 
patients with an HSR to IV or IM pegaspargase, 5 
(13.5%) and 7 (36.8%), respectively, were document-
ed as grade 4 (P = .241). Hospital admission was signi
ficantly related to the grade of the HSR: 34% (15 of 
44) of patients were admitted after a grade 3 reaction 
compared with 92% (11 of 12) of patients who had a 
grade 4 reaction (P = .001).

Discussion
Asparaginase therapy is one of the most important 

components of the treatment of pediatric patients with 
ALL; however, many important clinical questions re-
main. Although IV administration is preferred by pa-
tients, the rate of HSR may be higher, if less severe, 
than with the traditional IM route of administration. 

Table 2   �Baseline Characteristics of Patients with 
Hypersensitivity to Pegaspargase

Demographics Patients with HSR

Age (range), yrs 1-23

   Mean, yrs 8.41

   Median, yrs 7

Female, N (%) 23 (41.1)

Male, N (%) 33 (58.9)

Trisomy 21, N (%) 1 (1.7)

Risk stratification

Standard risk, N (%) 11 (19.6)

High risk, N (%) 45 (80.4)

Children’s Oncology Group Protocol

AALL0031, N (%) 1 (1.7)

AALL02P2, N (%) 1 (1.7)

AALL0232, N (%) 12 (21.4)

AALL0331, N (%) 8 (14.3)

AALL0434, N (%) 6 (10.7)

AALL0631, N (%) 2 (3.6)

AALL07P4, N (%) 1 (1.7)

AALL0931, N (%) 1 (1.7)

AALL0932, N (%) 8 (14.3)

AALL1131, N (%) 13 (23.2)

AALL1231, N (%) 2 (3.6)

AALL1122, N (%) 1 (1.7)

HSR indicates hypersensitivity reaction.

Table 3   Hypersensitivity Reactions to IV versus IM Pegaspargase
Patient group Grade 3 HSR Grade 4 HSR Total grade 3/4 HSRs

Receiving IV PEG, N (%) 32 (86.5) 5 (13.5) 37

Receiving IM PEG, N (%) 12 (63.2) 7 (36.8) 19

HSR indicates hypersensitivity reaction; IM, intramuscular; IV, intravenous; PEG, 
pegaspargase.
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Unlike other retrospective studies,6,8,13 our study did 
not find a significant difference between routes of ad-
ministration and the rates of HSR to pegaspargase. 
Additional studies are warranted to assess the rates and 
severity of adverse reactions in a prospective manner. 

Similar to another retrospective study,13 we found  
a significant difference in HSR rates between male 
(60.7%) and female (39.3%) pegaspargase recipients; 
however, males are at an increased risk for leukemia, 
and therefore comprise a larger percentage of the pa-
tient population. It would be worthwhile to analyze the 
proportion of males and females with ALL who had an 
adverse reaction to pegaspargase therapy.

Our study findings suggest that IM Erwinia asparagi-
nase may be significantly more tolerable than the IV 
administration with regard to emetogenicity. The 
mechanism behind higher rates of nausea and vomiting 
with IV administration is not fully understood and re-
quires additional research, but it is perhaps related to a 
faster rate of asparagine depletion and secondary pro-
duction of ammonia, a chemical known to elicit nausea 
and vomiting at high levels.8,24-26

Our finding of fewer hospitalizations in patients who 
received IV pegaspargase may be attributable to the 
ability of the healthcare team to intervene at the first 
sign of allergic reaction and stop the infusion. Quick 
intervention in cases of suspected hypersensitivity al-
lows the provider to reduce overall pegaspargase expo-
sure and potentially minimize the severity of the HSR. 
With IM pegaspargase administration, the patient re-
ceives the full dose and therefore may have a more 
profound and prolonged immune response. 

Several important factors should be kept in mind 
when considering IV versus IM pegaspargase adminis-
tration. For patients with an HSR to pegaspargase, 
subsequent IM or IV Erwinia asparaginase treatment is 
required.4 Currently, no long-acting formulation exists; 
therefore, 6 doses are required for each scheduled 
pegaspargase administration.21 This can result in up to 
50 doses of Erwinia asparaginase, depending on the 
protocol and at which phase of treatment the reaction 
occurred. This is a notable burden for patients and their 
families, because each dose must be administered in the 
hospital or infusion clinic. In addition, Erwinia aspara-
ginase is a high-cost medication, with potential costs 
exceeding $100,000 for many patients.15,27 

Until 2015, Erwinia asparaginase was only adminis-
tered via the IM route, and some patients would require 
up to 3 separate injections per Erwinia asparaginase 
dose.21 Many patients and providers were dissatisfied 
with this route and selected IV Erwinia asparaginase 
over IM administration, despite potentially reduced 
asparaginase activity at 72 hours.21

Limitations
The potential limitations to this study include vary-

ing hypersensitivity grading practices as a result of tran-
sitioning from CTCAE version 3.0 to version 4.0 during 
the study period. The investigators, however, inde-
pendently graded the HSRs using the criteria in CTCAE 
version 4.0 based on descriptions found in the EMR. 
The CTCAE grading change likely resulted in higher 
rates of reported reactions in our study. This could be 
particularly important for the rates of HSR with IV ad-
ministration, because a change to the CTCAE criteria 
involved the addition of “infusion interruption,”23 which 
was common in patients with an adverse reaction to IV 
pegaspargase. 

In addition, healthcare professionals at our institu-
tion were hypervigilant with the introduction of IV 
pegaspargase as a result of their previous experience 
with IV L-asparaginase and its increased rate of compli-
cations compared with the IM route of administra-
tion.12,28 This heightened caution could have led to 
increased reporting and apprehension. 

Our study only evaluated clinically overt hypersensi-
tivity, and therefore cannot address the development of 
antiasparaginase neutralizing antibodies and subclinical 
hypersensitivity, which is known as silent inactivation 
with pegaspargase or with Erwinia asparaginase. Silent 
inactivation lacks clinical symptoms and results from 
neutralizing antidrug antibodies, leading to asparagi-
nase inactivity and suboptimal asparagine depletion in 
an estimated 8% to 29% of patients.29,30 Patients with 
silent inactivation continue to receive an asparaginase 
agent that is ineffective,31 whereas those with clinically 
overt pegaspargase hypersensitivity can proceed to an-
tigenically distinct Erwinia asparaginase. Therapeutic 
drug monitoring surrounding asparaginase activity con-
tinues to gain popularity as we move to more individu-
alized treatment plans.30 

Furthermore, surrogate markers for chemotherapy-
induced nausea and vomiting (CINV) were used to 
evaluate emetogenicity. 

Finally, our study only included 31 patients who re-
ceived Erwinia asparaginase, and each of them received 
an average of 14 doses. This is a small sample size, but 
we believe that CINV resulting from IV Erwinia aspar-
aginase is clinically significant and merits further eval-
uation. 

Conclusion
Asparaginase agents are a vital component of pediat-

ric ALL treatment, and the route of administration may 
have important implications. Pegaspargase will contin-
ue to be given via the IV route of administration for 
pediatric patients with ALL on COG protocols at our 
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institution. Because no specific recommendation 
exists regarding the preferred route for Erwinia admin-
istration, many institutions allow the parent, caregiver, 
and/or patient to decide the route of administration. 

Pharmacists are optimally positioned to help in this 
process by discussing the risks and benefits of IV and IM 
Erwinia asparaginase with parents, caregivers, patients, 
and other relevant healthcare professionals. IV Erwinia 
asparaginase reduces the number of patient injections 
but may lead to higher rates of CINV. Erwinia aspara-
ginase delivered via IV or IM route elicits low rates of 
HSRs. Future studies should evaluate the mechanism 
and significance of IV administration on CINV rates 
and patient satisfaction. 

Our single-center study did not show a significant 
difference in the rates of HSRs between IV and IM 
pegaspargase. Although IV administration resulted in a 
higher rate of hypersensitivity, patients who had an 
HSR required fewer hospital admissions and noted a 
milder reaction than those receiving IM administra-
tion. Erwinia asparaginase had exceedingly low HSR 
rates, with only 1 patient having a documented reac-
tion. Interestingly, antiemetic use increased markedly 
in patients who received IV Erwinia asparaginase versus 
IM administration, warranting further evaluation. 
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