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ABSTRACT

Objective: The objective of the study was to determine and describe the characteristics of allergic reactions to Escherichia coli-Asparaginase 
(E. coli-ASP).

Methods: This cross-sectional study was performed at Hasan Sadikin Bandung General Hospital on acute lymphoblastic leukemia patients diagnosed 
from January 1, 2018, to August 31, 2019, confirmed by bone marrow examination. Data were extracted from Bandung Online Pediatric Cancer 
Registry, medical records, protocol therapy documents, and interview with patient’s guardian.

Results: Out of 68  patients, 26  patients (37.6%) were allergic to E. coli-ASP. Twenty-two patients with recorded manifestation’s data evoked 35 
symptoms and graded according to common terminology criteria for adverse event v3.0., fever, and urticaria are the most frequent manifestation. 
While Grade 2 and Grade 3 are the most often developed allergic reaction, patients with age range from 1 to 14 years, male and high risk is mainly 
allergic.

Conclusion: Allergic rate to E. coli-ASP at Hasan Sadikin General Hospital is 37.6%. The most frequent manifestation is fever and urticaria (20%, 
respectively), Grades 2 and 3 (32%, respectively), and emerged mostly after administration of fourth dose E. coli-ASP (26.9%). Despite the characteristic 
differences between allergic and non-allergic group, it is not statistically significant.
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INTRODUCTION

Acute lymphoblastic leukemia (ALL) accounts as the most common 
childhood cancer in the world [1]. Since 1948, a therapeutic scheme to 
treat ALL has been evolved to create ideal and effective treatment [2]. 
Globally, the survival rate has surpassed 80% [3]. In low-middle income 
countries, the survival rate is relatively far below the global average 
(<35%) [3,4]. In Dr. Hasan Sadikin General Hospital, the survival rate 
shows unsatisfactory in number (only 9.5%) with a death rate of 
27.8% [5].

Different modalities of cancer treatment include radiation, surgery, 
chemotherapy, hormonal therapy, immunotherapy, biologic therapy, 
and cryosurgery were used for cancer treatment [6,7]. L-asparaginase 
(L-Asp) is one essential component in the chemotherapy regimen 
used to treat ALL in the induction phase [7,8]. L-Asp is extracted from 
bacterial component to hydrolyzes asparagine, an amino acid essential 
for blasts functioning [9]. To date, there have been three formulations 
available in the world, Escherichia coli-Asparaginase (E. coli-ASP), a 
pegylated form of E. coli-ASP (PEG-Asp), and Crisantaspase (Erwinase). 
In Indonesia, E. coli-ASP is the only available formulation nevertheless 
in the past decades have shown a rapid development of cancer therapy 
to stop the growth and metastasis of the tumor [8,10,11].

Over the years, L-Asp has been related to drug toxicities, such as 
pancreatitis, liver dysfunction, hyperammonemia, and hypersensitivity 
reactions [12]. The incidence of patients who developed an allergic 
reaction to E. coli-Asp ranges from 10 to 36% in America and 
Poland [13-15]. The allergic reaction varies from mild reactions to severe 
systematic reactions such as anaphylaxis [16]. A  study stated that in 
410 patients who received E. coli-ASP therapy, 41% of them developed 
clinical manifestation of allergic reaction [17]. These reactions result 

in the suboptimal treatment outcomes regarding the formation of 
antibodies to neutralize the medication [17,18]. Consecutively, it 
increases the morbidity and mortality-related treatment rate and 
worsens the outcome [4,19].

Studies about the allergic reaction and the clinical manifestation of the 
immune response to E. coli-ASP in Indonesia are not yet available. This 
study aimed to investigate the incident rate and to describe the events 
of an allergic reaction to E. coli-ASP of children with ALL enrolled in two 
protocols applied in Indonesia.

METHODS

This study conducted with a retrospective approach of children aged 
0–18 years diagnosed with ALL in Hasan Sadikin General Hospital and 
had received E. coli-ASP (Leunase®) therapy. The subject number of 
the study was determined by the total sampling method. A  thorough 
investigation was done through the patient’s medical record through 
ICD code C90.0 for ALL, data from Bandung Online Pediatric Cancer 
Registry, protocol therapy documents from the hospital pharmacy and 
phone call interview with the patient’s guardian. Pediatric patients 
diagnosed with LLA during January 2018–August 2019 and had 
received at least one dose of E. coli-ASP (Leunase®) therapy were 
included in the study. ALL diagnosis was established by morphological 
analysis of bone marrow puncture aspirate.

In this period, 138 patients were listed, as shown in Fig. 1. Investigation 
through treatment protocol documents revealed that 69 patients had 
not received Leunase® to some conditions. Abandoned treatment was 
defined as a patient who had not received any cure-directed therapy 
for 4 or more weeks. Interrupted treatment included missed treatment, 
lost to follow-up (absence of treatment <4 weeks), specific treatment 
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refusal in specified time and discontinuation of therapy. Meanwhile, a 
death during therapy defined as a patient who died during treatment 
due to the effect of disease, infection, or chemotherapy toxicities [2].

A total of 71  patients had received Leunase® treatment during the 
induction phase, but three were excluded due to missing data. Twenty-
one patients who were diagnosed in 2019 underwent therapy, according 
to the 2018 Indonesian protocol therapy of ALL, and 47 patients who 
were diagnosed in 2018 underwent treatment, according to 2013 
Indonesian protocol therapy of ALL.

In the 2018 protocol, the high-risk (HR) group received a total of 
eight doses Leunase® in the induction phase, given twice a week in 4 
consecutive weeks (week 4–7). While in the 2013 protocol, the HR group 
received a total of nine doses given a week thrice in 3 consecutive weeks 
(weeks 3–5). The standard-risk (SR) group received a total of six doses 
and given a week thrice in both protocols, but the administration time 
was different. The 2018 protocol scheduled Leunase® administration 
during weeks 5–6 while the 2013 protocol was earlier at weeks 3–4.

The variable data of patient characteristics (age, sex, stratification risk, 
diagnosis status, nutritional status, and outcome) and allergic reaction 
characteristics (manifestation and reaction time) were obtained from 
the investigation. Data collection from the patient’s medical record 
was based on Leunase® administration date that was recorded in the 
protocol therapy document. Some allergic reaction manifestations 
were not written down in the medical record. Still, the patient who 
has an allergic reaction was characterized by the administration route 
of Leunase® through subcutaneous, intramuscular, and by titration 
intravenously. The interview was also done to gather information 
about the manifestation of allergic reactions in allergic patients whose 
medical record did not have the information about the manifestation of 
an allergic reaction.

Data analysis was processed using Microsoft® Excel 2016 and IBM® 
SPSS® version  22. p-value calculation for numerical-categorical data 
used t-test and categorical-categorical data used Chi-square. The 
analyzed data were presented in table, percentage and chart to describe 
patient characteristics and allergic reaction characteristics.

Informed consent was obtained from parents or legal guardians. 
This study had been approved by the Research Ethical Committee 
of Universitas Padjadjaran, Bandung, through the letter of approval 
Number 841/UN6.KEP/EC/2019 and permitted by the Medical 
Research Ethical Committee of Dr.  Hasan Sadikin Hospital, Bandung, 
with the letter Number LB.02.01/X.2.2.1/12498/2019. This study was 

also acknowledged and approved by the Department of Child Health 
Dr. Hasan Sadikin General Hospital, Bandung, Indonesia.

RESULTS

We studied 69 patients who were diagnosed with ALL from January 1, 
2018–, August 31, 2019, 26 (37.6%) patients were allergic to Leunase®. 
The characteristics comparison of allergic versus non-allergic patients 
is shown in Table 1.

Of 26  patients were allergic to Leunase®, 35 allergic reaction 
manifestations were documented in 22 patients, as shown in Fig. 2.

The allergic manifestations documented in 22 patients were graded based 
on common terminology criteria for adverse event v3.0, as shown in Fig. 3.

Fig. 4: The reaction time in which the allergic reaction occurs for the 1st 
time in 26 patients.

The most common reaction time for allergic reaction occurred on the 
fourth dose of Leunase® administration (26.9%), followed by the 
second dose of Leunase® administration (19.2%) and first dose as well 
as third dose (15.4%).

DISCUSSION

E. coli-ASP is more prevalent in causing an allergic reaction than other 
formulations [9]. It is due to its complex structure and heavier molecular 
weight [20,21]. From this study, it was found that the frequency of 
allergic reaction toward E. coli-ASP is 34.6%. It corresponds with the 
previous study conducted by Woo et al. that stated allergic reaction to 
E. coli-ASP ranges from 0 to 45% [22].

Our study demonstrates various manifestation of an allergic reaction, 
ranges from mild to severe reactions. It is similar with some previous 
studies that stated rash, urticaria, flushing, fever, bronchospasm, 
conjunctival hyperemia, and anaphylaxis are the manifestations of 
patients who overt allergic reactions [23-26].

In this study, intravenous administration was the first E. coli-ASP 
exposed to the patients. If the patient showed any sign of allergy, the 
route of administration was changed to subcutaneous or intramuscular 
or by titration intravenously. The unavailability of other formulation 
in Indonesia leads to re-challenge of E. coli-ASP in the allergic patient. 
Twenty-six patients are allergic based on medical record reviews, 
but only 22  patients had the symptoms written down, and three 
patients had repeated events. Grades 2 and 3 occurred most often 

Pediatric ALL Patient Diagnosed from
January 1st 2018 - December 31st 2018

(n=94)

Patient who hadn't received
leunase, due to:

Abandoned treatment (n=34)
Death during treatment (n=12)

Patient who had received
leunase as the inclusion

criteria (n=48)

missing data
(n=1)

Ongoing treatment (n=22)
Death during treatment (n=12 )

Interrupted treatment (n=12)
Completed treatment (n=1)

Pediatric ALL Patient Diagnosed from
January 1st 2019 - August 31st 2019

(n=46)

Patient who hadn't received
leunase, due to: 

Abandoned treatment (n=18)
Death during treatment (n=5)

Patient who had received
leunase as the inclusion criteria

(n=23)

missing data
(n=2)

Ongoing treatment (n=14)
Death during treatment

(n=5)
Interrupted treatment (n=2)

Fig. 1: Flow diagram study of selection process
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(32%, respectively), followed by Grade  1  (24%) and Grade  4  (16%). 
On patients who had another allergic reaction after the modification 
of treatment, the allergic manifestation grades worsen. One patient 
manifested Grade 1 reaction first and graded four later, and the other 
two patients had Grade 2 first then later developed to Grades 3 and 4. 
The first patient died not long after the anaphylactic shock.

Note that, 34.6% was the incidence of patients that presented the 
manifestation clinically. The allergic reaction toward asparaginase is 

facilitated by the adaptive reaction of the immune system, the immediate, 
and antibody-mediated hypersensitivity [27]. Reaction facilitated by a 
non-antibody mechanism might also provoke manifestation similar 
to the allergic reaction by activating a complement system. It is called 
infusion reaction [24,27].

Time of first reaction times was one of the essential signs to differentiate 
infusion reaction with the allergic reaction, so it needs to be well 
documented. Allergic reactions rarely manifest at the first occurrence 
except in a patient with atopy predisposition [16]. Infusion reaction 
occurs at the first dose of administration, and the manifestation will be 
improved by the next administration [27]. In our study, four patients 
(15.4%) exhibit allergy-alike reaction after the administration of the 
first dose of Leunase®. However, this is not enough evidence to identify 
this as an infusion reaction since the data of the patient’s condition in 
the next administration were not reported well, and another history of 
allergy was not investigated.

Furthermore, administration of asparaginase intravenously also 
induce the increase of ammonia serum [18,23,28]. Hyperammonemia 
manifests in several ways that are similar to allergic reactions such 
as rash [15,20]. The concurrent use of methotrexate, vincristine, and 
dexamethasone in the SR patients plus daunorubicin in HR patients also 
contribute to some extent. A study stated that vincristine and d  [18]. 
However, the number of side effects by asparaginase can alter the 
pharmacodynamics of other medications. Its hepatotoxicity effect 
has an impact on drugs metabolized in the liver such as vincristine, 
methotrexate, and daunorubicin and can become the confounder of an 
allergic reaction due to asparaginase [29].

In this study, there was no significant difference between the allergic 
and non-allergic groups in terms of age, gender, risk at diagnosis, 
patient status at diagnosis, and nutritional status. Risk factors 
regarding the development of allergic reactions specifically toward 
E. coli-ASP are not well declared. However, a study by Konstantinidis 
et al. concluded HR stratified patients, intravenous administration 
route, and repeated application of the drug after at least 4-week 
cessation period is a potential risk factor for allergy to L-Asp 
generally [30]. This dissimilarity is due to the low number of subjects 
investigated in this study and also retrospective design. Interestingly, 
a retrospective study done by Padem et al. reviewed that ALL patients 
from 1993 to 2016 showed an insignificant association between 
atopy and the likelihood of asparaginase allergy. Only polymorphisms 
in gene GRIA1 is statistically proven significance as a risk factor for 
asparaginase allergy [31].

The exhibition of hypersensitivity is more profound in the HR group 
than the SR group. It accords the previous study from Hasan et al. 
that demonstrated a high difference in reaction rates in the HR group 
(35.2% vs. 2.9%) [32]. A  study also has shown that the HR group is 
more likely to develop an infusion-related reaction [33]. The median 
age of patients who were allergic and non-allergic is 4  years old. 
However, the age range is different. Allergic patient age ranges from 
1 year old to 14 years old maximum while the non-allergic maximum 

Table 1: Characteristics comparison of allergic and non-allergic 
patient

Characteristics Allergic 
n (%)

Non-allergic 
n (%)

p-value

No. of patients (n=69) 26 (37.6) 43 (62.4)
Age 0.945

Mean 6 6.06
Median 4 4
Range 1–14 1–17
Standard deviation 4.561 4.618

Gender 0.475
Male 15 (41.7) 21 (53.8)
Female 11 (33.3) 22 (66.7)

Risk at diagnosis 0.197
High risk 18 (43.9) 23 (56.1)
Standard risk 8 (28.6) 20 (71.4)

Patient status at diagnosis 0.236
Newly diagnosed 22 (48.9) 40 (51.1)
Relapsed 4 (16.7) 3 (83.3)

Nutritional status 0.746
Well-nourished 13 (20.2) 23 (33.8)
Malnutrition 9 (11.6) 16 (23.2)
Overnourished 4 (4.4) 4 (5.8)
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Fig. 4: Reaction time of first allergic reaction
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age is 17 years old. The age distribution is the same across the allergic 
and non-allergic group. It has been demonstrated in the previous study 
by Barry et al. that the difference in the incidence of allergic reaction 
among age groups is not predominant [33]. Male patient accounts 
for more than a half in the allergic group, similar to a study done by 
Sitaresmi et al. [4].

This study has limitations; the data collection was done primarily and 
secondarily. While the primary data collection was done through a 
phone interview, it was related to information bias that many of the 
patients have already died, and the guardian might exaggerate the 
information. Moreover, the secondary data collection is done through 
investigating the patient’s medical record; note that recording of 
allergic reactions toward medication in Dr. Hasan Sadikin Hospital is 
still weak. Furthremore, the storage of the patient’s medical records 
mainly done manually, so human error is still high, resulting in the 
presence of missing data and the need to interview the patient’s 
guardian directly.

Despite these limitations, it is still vital to consider allergy as a reaction 
to being cautious. The recording of allergy history, E. coli-ASP allergy 
examination, or premedication needs to be found in treating childhood 
ALL. Further studies with better design, preferably prospective cohort, 
may be required to investigate more aspects of allergy biologically and 
clinically in childhood ALL patients.

CONCLUSION

Allergic rate to E. coli-ASP at Hasan Sadikin General Hospital is 37.6% 
with fever and urticaria as the most frequent manifestations and based 
on CTCAE the most common is grades 2 and 3. The reactions emerged 
mostly after administration of fourth dose E. coli-ASP. Despite the 
characteristic differences between allergic and non-allergic group, it is 
not statistically significant.
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