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Case Report

A 6-Step Desensitization Protocol in a Pediatric Patient
with L-asparaginase Anaphylaxis: A Case Report
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Abstract

L-asparaginase (L-asp) is an important chemotherapeutic drug for acute lymphoblastic leukemia.
Desensitization is useful in administering medication to patients who have drug-induced anaphylaxis when
alternative drugs are not available.

Case: We report a successful case of a 3-year-old Thai boy with L-asp induced anaphylaxis using
our 6-step desensitization protocol, with 0.1%, 1%, 5%, 10%, 42%, and the remaining 42%
of the total dose of L-asp.
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Introduction

Native Escherichia coli (E. coli) L-aspar-
aginase (L-asp) is the first-line treatment of acute
lymphoblastic leukemia (ALL) in children.! Drug
hypersensitivity reactions can occur in approximate
to 15 - 20% of patients.>* Typically, Erwinia chry-
santhemi L-asp is substituted but this is far costlier
than native E. coli L-asp, and it is unavailable in
some countries.’” Therefore, desensitization for
native E. coli L-asp may be an appropriate option.
We report a successful case of L-asp induced ana-
phylaxis using our 6-step desensitization protocol.

Case Presentation

A 3-year-old Thai boy with ALL was treated
with the standard risk Thai National Protocol 2015
for the induction phase. He had received a total of
6 doses of intramuscular native E. coli L-asp 3,300
IU (10,000 IU/m2/dose), without clinical reaction.
Since his minimal residual disease (MRD) assay
was positive (0.11%) post-induction, we switched
to a high-risk augmented consolidation phase.

For the high-risk augmented consolida-
tion phase, L-asp was increased to 25,000 IU/m?/
dose. His body surface area (BSA) was 0.4 m?. He
received a single intramuscular 10,000 IU dose of
L-asp during consolidation phase week 3 as
scheduled without abnormal clinical reaction.

However, during consolidation phase week
4, he developed anaphylaxis with clinical symp-
toms of urticaria, expiratory wheezing, and oxygen
saturation at 91% after receiving intramuscular
10,000 IU of L-asp for 30 min. He was immediately
given a single dose of intramuscular epinephrine. In
addition, intravenous corticosteroid and antihista-
mine were given on the first day of the anaphylaxis
episode, and oral corticosteroid and antihistamine
were continued for a total of 5 days. Despite
anaphylaxis reaction, the patient still required 6
doses of L-asp to complete the high-risk augmented-
delay-intensification phase and there was no alter-
native drug available. Hence, the desensitization of
L-asp was applied for the patient.

Methods
Desensitization protocol
Two desensitization protocols: 5-step and
6-step protocol were used for this patient (Table 1
and 2, respectively). Desensitization was performed

in the Pediatric Intensive Care Unit under close
supervision by physicians and a nurse. Premedication
included dexamethasone (2 mg/kg) and chlorphe-
niramine (CPM) (1 mg/kg) that was given at 1 h
before each L-asp infusion. Vital signs were assessed
every 30 min during desensitization and 24 h
after completion of desensitization. Clinical
features of anaphylaxis were assessed throughout
the desensitization period and 24 h later. Also,
the patient was continuously monitored for
abnormal signs and symptoms (e.g., skin rash or
vomiting). L-asp (Leunase®) was produced by
Kyowa Kirin Co, Ltd.

In the first attempt at desensitization,
which was 4 weeks after the anaphylaxis event,
we performed a 5-step desensitization protocol
as previously published.? Single doses each of
dexamethasone (2 mg/kg) and chlorpheniramine
(CPM) (1 mg/kg) were administered intravenously
1 h before each L-asp infusion as premedication.
The protocol was 0.1%, 1%, 5%, 10%, and the
remaining 84% of the total dose of L-asp (25,000
1U/m?). His BSA was 0.4 m?. The total dose of L-asp
was 10,000 IU. We prepared solutions of 10, 100,
500, 1,000, and 8,400 IU in 240 mL 0.9% saline.
The intravenous infusions were performed at the
rate of 60 mL/h over 4 h (20 h in total) (Table 1). He
developed urticaria on his trunk and angioedema on
both eyelids when he received the fifth solution at 10
min. He was treated with single doses each of intra-
venous dexamethasone and CPM. After his clinical
symptoms resolved, L-asp was re-administered at
a decreased infusion rate of 30 mL/h until the total
therapeutic dose was completed.

The second desensitization round was given
as scheduled. We again gave premedication and
used the same 5-step desensitization protocol as the
first round. He developed anaphylaxis with clinical
symptoms of tachypnea (respiratory rate 64/min),
urticaria, lip angioedema, expiratory wheezing, and
reduced oxygen saturation at 88% when he received
the fifth solution for 70 min (accumulated L-asp
at approximate at 4,000 IU). He was given single
doses each of intramuscular epinephrine, nebulized
salbutamol, intravenous CPM, and ranitidine.
After his clinical symptoms resolved, L-asp was
re-administered at a decreased infusion rate of 30
mL/h until achieving the therapeutic dose.
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At the third desensitization, we decided to
modify the protocol to decrease the final concentra-
tion to half the previous protocol. Thus, we divided
the total dose into 6 solutions, 0.1%, 1%, 5%, 10%,
42%, and the remaining 42% of the total dose. At
this time his BSA had increased to 0.48 m?. The
total dose was then increased to 12,000 IU (25,000
IU/m?). Subsequently, 12, 120, 600, and 1,200 TU
were prepared in 240 mL 0.9% saline and infused
intravenously at the rate of 60 mL/h over 4 h for
each solution. For the fifth and sixth solutions, 5,040
IU was prepared in 300 mL 0.9% saline and given
at 60 mL/h over 5 h (26 h in total) (Table 2). The
final concentration was decreased from 35 IU/mL
to 16.8 IU/mL. Single doses each of dexamethasone
2 mg/kg and CPM 1 mg/kg were administered
intravenously as premedication 1 h before each
solution. On this occasion, the patient did not
develop any adverse drug reaction.

Our fourth desensitization round was
prepared and performed using the same 6-step
desensitization protocol as the third. The total dose
of L-asp was 12,000 IU. He received the first to fifth
solutions without clinical reaction. While receiving
the sixth solution at 4 h 40 min (accumulated
L-asp of 11,500 IU), he developed an urticarial rash
on his face that was far less severe than during the
previous desensitization. He was treated with only
intravenous CPM and continued with the same
infusion rate of L-asp until the total dose was
reached.

At the fifth desensitization, we again per-
formed the 6-step protocol (Table 2). However, his
BSA had increased to 0.56 m* The total dose of
L-asp was increased to 14,000 IU (25,000 TU/m?).
Thus, we prepared 14, 140, 700, and 1,400 IU in

240 mL 0.9% saline for the first, second, third and
fourth solutions, respectively. The fifth and sixth
solutions were prepared as 5,880 [U in 300 mL 0.9%
saline. The final concentration was a minor change
to 19.6 IU/mL. Single doses each of dexamethasone
2 mg/kg and CPM 1 mg/kg were administered
intravenously as premedication 1 h before each
solution. Each solution was infused intravenously
at 60 mL/h. While receiving the sixth solution at 90
min (accumulated 9,900 IU of L-asp), he developed
an urticarial rash only on his left cheek and left ear
with one incidence of vomiting. His respiratory
rate, oxygen saturation, breath sounds, and blood
pressure were normal. However, as a precaution,
we administered single doses each of intramuscular
adrenaline, and intravenous dexamethasone, CPM,
and ranitidine. Upon clinical symptom resolution,
L-asp was re-administered at half the previous rate
of 30 mL/h for the sixth solution, until the total
therapeutic dose was complete. He did not develop any
further reactions after restarting the desensitization.

Finally, at the sixth occasion of desensitiza-
tion, his BSA was the same as at the fifth round. We
gave premedication and prepared 6 solutions similar
to those of the fifth desensitization. We prepared 14,
140, 700, and 1,400 IU in 240 mL 0.9% saline for
first, second, third, and fourth solutions at infusion
rates of 60 mL/h for each dose. The fifth and sixth
solutions of L-asp 5,880 IU were prepared in 300
mL 0.9% saline and infused at 30 mL/h. On this
occasion, no adverse drug reactions were observed.

After the complete high-risk augmented
consolidation phase, his minimal residual disease
(MRD) flow cytometry assay was undetectable. He
attended regular follow-up to receive the scheduled
chemotherapy.
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Table 1 Five-step desensitization protocol for L-asp

Solution preparation

Solution Total dose Drug Volume Concentration
(%) (IU) (mL) (IU/mL)

1 0.1 10 240 0.04

2 1 100 240 0.42

3 5 500 240 2.08

4 10 1,000 240 4.16

5 84 8,400 240 35

Protocol for desensitization

Step Solution Rate Time Administered dose Cumulative dose
(mL/h) (h) (IU) (IU)

1 1 60 4 10 10

2 2 60 4 100 110

3 3 60 4 500 610

4 4 60 4 1,000 1,610

5 5 60 4 8,400 10,010

Note: BSA was 0.4 m? and the total dose was 25,000 IU/m?>.
Table 2 Six-step desensitization protocol for L-asp
Solution preparation
Solution Total dose Drug Volume Concentration
(%) (IU) (mL) (IU/mL)

1 0.1 12 240 0.05

2 1 120 240 0.50

3 5 600 240 2.5

4 10 1,200 240 5

5 42 5,040 300 16.8

6 42 5,040 300 16.8

Protocol for desensitization

Step Solution Rate Time Administered dose Cumulative dose
(mL/h) (h) (IU) (IU)

1 1 60 4 12 12

2 2 60 4 120 132

3 3 60 4 600 732

4 4 60 4 1,200 1,932

5 5 60 5 5,040 6,792

6 6 60 5 5,040 12,012

Note: BSA was 0.48 m? and the total dose was 25,000 IU/m?.
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Discussion

A 3-year-old Thai boy with ALL who
developed anaphylaxis after receiving intramuscu-
lar L-asp was immediately given a single dose of
intramuscular epinephrine as first line medication.
In addition, intravenous corticosteroid and anti-
histamine were given as second line medication.
The boy had risk factors for developing allergic
reaction (e.g., male gender) and was treated with
a high dose regimen in which he received L-asp >
6,000 TU/m?/day.>*

Mechanisms proposed for L-asp reactions
include traces of endotoxin contamination, IgE-
mediated hypersensitivity, [gG or IgM antibody-
mediated reactions, and complement-mediated
reactions.’ Patients who develop a reaction imme-
diately or within 1 h after drug administration
with clinical anaphylaxis are most likely suffering
an Ig-E mediated reaction. Desensitization is
useful in these patients when alternative drugs are
not available.

A skin test is an investigation tool for diag-
nosis in patients who have a history of a suspected
immediate type I hypersensitivity reaction. How-
ever, desensitization may be considered as the initial
step, regardless of any skin tests, because the stan-
dardized skin test for L-asp has not been validated
and shows high rates of false negatives.® Bahadir
et al. reported only 2 of 11 cases had positive skin
prick test to E. coli L-asp.* Therefore, we did not
perform a skin test for diagnostic confirmation in
this case. Moreover, the time from drug exposure
to developing the reaction, and the patient’s clinical
appearance did not leave any doubt as to the
diagnosis of immediate type hypersensitivity.

Two previous studies reported desensitiza-
tion protocols for native E. coli L-asp in children.
Soyer et al demonstrated a native E. coli L-asp
desensitization protocol with the first dose of L-asp
given as 1 U intravenously and doubled every 10
min until the desired total was reached.? However,
approximately 25% of the children experienced
anaphylaxis again. Akbayram et al used a 5-step
desensitization protocol, which was 0.1%, 1%,
5%, 10%, and the remaining 84% of the total dose
of L-asp.? None of their patients had anaphylaxis.
Unfortunately, our patient did experience anaphy-
laxis under this 5-step desensitization protocol.

Desensitization is drug and dose specific
with the risk stratification individualized for each
patient. The general idea is to administer lower
cumulative drug concentrations than those that
provoked a reaction, to promote subthreshold stimu-
lation of mast cells/basophils, induce inhibitory
mechanisms, and render these cells hyporespon-
sive.”® Thus, we hypothesized that decreasing the
infusion concentration would lower the cumula-
tive concentration, which had previously triggered
anaphylaxis, and it would also perhaps reduce the
chances of any reaction. Fortunately, our patient
achieved a successful desensitization as he received
L-asp until the full therapeutic dose was reached and
without recurrent anaphylaxis.®

The clear advantage of successful L-asp
desensitization is the patient continuing to receive
the medication. However, the efficacy is a concern.
Patients who exhibited hypersensitivity to E. coli-
derived asparaginase showed increased levels of
anti-asparaginase antibodies, decreased asparagi-
nase half-life, and overall reduction in asparaginase
activity compared with patients who did not expe-
rience hypersensitivity.” Measurements of serum
asparaginase activity level are the best and most
reliable indicators of asparaginase efficacy. Trough
asparaginase activity levels > 0.1 [U/mL appear to
be a safe target to ensure therapeutic benefit. When
the activity levels are < 0.1 IU/mL, the asparaginase
preparation should be omitted.'® Therefore, serum
asparaginase activity level should be considered if
available.

In conclusion, our 6-step desensitization
protocol with premedication appears to be a success-
ful protocol. It is easy to prepare and administer for
the desensitization in children with L-asp anaphy-
laxis. We would like to encourage other physicians
to consider this desensitization protocol for unusual
cases such as ours.
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