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Abstract Background Acute lymphoblastic leukemia (ALL) is a common type of leukemia in
children. The innovator pegylated L-asparaginase has several advantages over native L-
asparaginase; however, its use in India is limited due to availability and cost. Therefore,
a generic pegylated L-asparaginase can be considered as an alternative to the innovator
molecule.
Methods A retrospective study was conducted to assess the outcome (minimal
residual disease [MRD]) and toxicity of a generic pegylated L-asparaginase (Hamsyl) at
the end of induction therapy.
Results Eighty-eight (80.7%) and 21 (19.3%) patients had received generic pegylated
L-asparaginase and conventional asparaginase, respectively, as a part of their treatment
protocol. Nearly 82% of patients had B-type ALL. Eight-one percent of children had a
white blood cell count of fewer than 50,000/mm3. At the end of induction, 80.7% (88)
of children were minimal residual disease (MRD)-negative, and at the end of augment-
ed consolidation therapy, 20.2% were MRD-negative. Ten percent of patients exhibited
allergic reactions. Two children had pancreatitis, and one child had central venous
thrombosis.
Conclusion The generic pegylated L-asparaginase (Hamsyl) was effective and safe for
use in pediatric ALL.

Dhaarani Jayaraman

Hematological Malignancies

DOI https://doi.org/10.1055/s-0042-1759785 ISSN 2278-330X

How to cite this article: Jayaraman D, Sneha LM, Jeyarani G, et al.
Experience with Generic Pegylated L-asparaginase in Children with
Acute Lymphoblastic Leukemia from a Tertiary Care Oncology
Center in South India South Asian J Cancer 2023;12(4):371–377.

© 2023. MedIntel Services Pvt Ltd. All rights reserved.
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution-NonDerivative-NonCommercial-License, permit-

ting copying and reproduction so long as the original work is given appropriate

credit. Contents may not be used for commercial purposes, or adapted, remixed,

transformed or built upon. (https://creativecommons.org/licenses/by-nc-nd/

4.0/)

Thieme Medical and Scientific Publishers Pvt. Ltd., A-12, 2nd Floor,
Sector 2, Noida-201301 UP, India

THIEME

Original Article 371

Article published online: 2023-04-10

https://orcid.org/0000-0001-8718-9376
mailto:info@mediception.com
https://doi.org/10.1055/s-0042-1759785


Introduction

In India, �40 to 50% of the burden of childhood cancer is
leukemia, and acute lymphoblastic leukemia (ALL) is the
most familiar type.1 Nearly 25% of all cancers diagnosed
under 15 years of age and 77% of childhood leukemia is ALL.2

According to the data from 24 population-based cancer
registries (2012–2014), the upper range in the incidence of
age-adjusted childhood leukemia was 101.4 per million and
62.3 per million in boys and girls, respectively.3,4Medical
advances in the treatment have led to an overall 5-year
survival rate of �90%.1,5 There is a lack of longitudinal
data on the cancer survival rates in children in India. How-
ever, a recent review has pegged the overall survival at 45 to
81% and event-free survival at 41 to 70% in children with
ALL.1,4 Besides a lower survival rate, developing countries
such as India continue to face difficulties in achieving quality
care.

L-Asparaginase is an essential component of remission
induction therapy. Kidd, in 1953, discovered that guinea pig
serum could regress lymphosarcoma xenografts implanted
in mice.6 Later, Broome found that asparaginase was respon-
sible for anti-lymphoma activity.7

The survival of leukemia/lymphoma cells depends on the
serum asparagine because the expression of L-asparagine
synthetase is low in cancer cells.8 Thus, the role of L-aspar-
aginase in ALL is related to its ability to induce apoptosis of
leukemic cells by depleting L-asparagine, which is critical for
synthesizing cancer cell nuclearmaterials and proteins. Aspar-
aginase aids in thehydrolysis of L-asparagine into aspartic acid
and ammonia.9

Several L-asparaginasepreparations available in themarket
are derived from either Escherichia coli (native and pegylated
form) or Erwinia chrysanthemi.10–12 Over the past decade,
pegylated E. coli asparaginasehas gained importance due to its
longer half-life, better tolerability, sustained asparagine
depletion, and better central nervous system protection.13,14-

Pegylated L-asparaginase is formed by the covalent linking of
polyethylene glycol to E. coli L-asparaginase.15

Oncaspar (pegaspargase), an innovator preparation avail-
able in the USA and Europe, is costly, and patients from
middle-to-low–income group might not be able to afford it.
Moreover, it is also difficult to import the drug, so its use in
India is limited. Considering this unmet need in India for
pegasparaginase, the Drug Controller General of India
(DCGI), in 2014, approved a generic preparation of pegaspar-
aginase under the brand name of Hamsyl (Emcure Pharma-
ceuticals).16 Generic pegylated L-asparaginase(Hamsyl)
could be used as a safe and cost-effective alternative to
Oncaspar (pegaspargase) in India for children with ALL.
The cost of the treatment could be further reduced by
adopting an indigenous strategy of sharing the drug among
three-fourth of children and maintaining the cold chain of
the drug during long-term storage without compromising
the efficacy of the drug.14

We report the clinical profile of generic pegylated L-
asparaginase in terms of outcomes, side-effects, tolerance,
and cost implications in children with ALL.

Materials and Methods

This study was a retrospective (descriptive) study in children
with ALL who had received generic pegylated L-asparaginase
(Hamsyl; Emcure Pharmaceuticals) or conventional asparagi-
nase as induction/augmented consolidation/delayed intensifi-
cation therapyat a PediatricHemato-Oncologycenter in South
India. Oncaspar (pegaspargase), an innovator preparation
available in the USA and Europe, is costly, and patients from
middle-to-low–income group might not be able to afford it.
Moreover, it is also difficult to import the drug, so its use in
India is limited. Considering this unmet need in India for
pegasparaginase, the Drug Controller General of India
(DCGI), in 2014, approved a generic preparation of pegaspar-
aginase under the brand name of Hamsyl (Emcure Pharma-
ceuticals).We assessed the outcome (minimal residual disease
[MRD]) at the end of induction and toxicity of Hamsyl.

We reviewed medical records from January 2015 to
December 2020 of children aged 18 years and below, with
a diagnosis and treatment for ALL and B/T lymphoblastic
lymphoma.

We retrieved data of children treated with L-asparaginase
(conventional andgenericpegylated-L-asparaginase [Hamsyl])
from medical records after obtaining due permission. We
included all children treated with generic pegylated-L-aspar-
aginase for ALL (upfront/relapsed) and T-or B-lymphoblastic
lymphoma at our center.

Children were treated with uniform Indian Childhood
Collaborative Leukemia Protocol (ICiCle) as per risk stratifi-
cation based on age at presentation, total leucocyte count at
diagnosis, immunophenotype (B cell or T cell), cytogenetic
analysis, karyotyping, steroid response, cerebrospinal fluid
(CSF) analysis for CNS disease, and MRD assessment by flow
cytometry.

Remission status was assessed by morphology and MRD,
and details of relapses/death during the study period were
documented. An absolute blast count of fewer than 1,000
cells defined a good response to steroids. The toxicity of
pegylated L-asparaginase in terms of hypersensitivity reac-
tions, pancreatitis, thrombosis, hypoalbuminemia, liver dys-
function, hypofibrinogenemia, need for fresh frozen plasma
(FFP) transfusion, and coagulopathy were noted. Severity of
complications was classified according to the standard
National Cancer Institute (NCI) criteria. Minimal residual
disease level of 0.01% after evaluating minimum 50,000
flow cytometry events was defined as negative MRD.

A dose of pegylated L-asparaginase (Hamsyl) 1000
units/m2 was used throughout the protocol. One vial of
Hamsyl (3750 IU/5mL) was shared among two or three
children (if feasible). An opened vialwas usedwithin 4 hours,
and the rest discarded as per the manufacturer’s recommen-
dations. The parents of patients shared the expenses propor-
tionately. The cold chain was maintained throughout as per
the recommendations until clinical use.

Data were recorded on a pre-designed proforma, tabulat-
ed, and the results were analyzed statistically using the SPSS
statistical software. Data were checked for normality of
distribution, and continuous variables were compared by
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student’s t-test if normally distributed or Mann–Whitney U
test if the distribution is skewed. In addition, categorical
variables were compared by Pearson’s Chi-square test and
Fisher’s exact test. The level of significancewas considered at
a p-value less than 0.05.

Results

Demographic Profile
The study included 109 patients, aged 18 years and below,
with ALL. Eighty-eight patients (80.7%) and 21(19.3%) had
received generic pegylated-L-asparaginase and conventional
asparaginase, respectively. Seventeen and 72 patients with
B-type lymphoblastic leukemia at diagnosis received con-
ventional and generic pegylated-L-asparaginase, respective-
ly. Four and 16 patients with T-type lymphoblastic leukemia
received conventional and generic pegylated-L-asparagi-
nase, respectively. At the time of diagnosis, 15 children
and 66 children with WBC count above 50,000/mm3 had
received conventional L-asparaginase and generic pegy-
lated-L-asparaginase, respectively. The demographic profile
of children at the time of diagnosis is depicted in ►Table 1.

Disease Characteristics
Thediseasecharacteristicsofpatients included in thestudyare
presented in ►Table 2. Our cohort comprised 95.4% of newly
diagnosed and 4.6% of relapsed leukemia. Based on immuno-
phenotyping/immunohistochemistry, 79.8% had B-ALL, 1.8%
had B-lymphoblastic lymphoma, 13.7% had T-ALL, and 4.6%
had T-lymphoblastic lymphoma. Total white blood cell [WBC]
count above 50,000/mm3 was noted in 25.7% of cases, and
hyperleukocytosis (WBC>100,000/mm3) was observed in
18.3% of children.

In our study, 39.4% of children were stratified as stan-
dard risk, 15.6% in intermediate-risk, and 45% of children
had high risk as per the ICiCLe protocol. None of them had
upfront CNS involvement at diagnosis; however, 3/109 had
early CNS relapse. In addition, upfront testicular involve-
ment was seen in 2/68 boys, and 2 had isolated testicular
disease at relapse.

In our cohort, 93.6% had good early response to steroids.
End of induction MRD was positive in 19.3%, of whom only

one had positive MRD status at the end of augmented
consolidation qualifying for refractory disease.

Side Effects of Generic Pegylated L-asparaginase
Allergic reactions were noted in 10.1% of children (11/109
children; 3/21 in conventional and 8/88 in pegylated L-
asparaginase group), of whom nine had grade�1 reactions;
one patient each had grade�2 and grade�4 reactions. In one
child who received pegylated-L-asparaginase (0.9%), further
doses had to be deferred due to anaphylaxis. Another com-
plication, pancreatitis, was seen in 1.8% (2/109; 1 with
conventional asparaginase and 1 with pegylated L-asparagi-
nase) and central venous thrombosis in 0.9% (1/109 in
pegylated L-asparaginase group) of children. In addition,
altered liver enzymes were reported in 1.8%, hyperglycemia
in 1.8%, and hypofibrinogenemia in 5.5% of cases. None of
themhad altered coagulation profiles or hyperbilirubinemia.

Disease Status at Follow-Up
At the time of study, 35.8% of children were alive and
receiving maintenance treatment, and 45.9% of children
were alive after treatment (►Fig. 1). Among 11% of chil-
dren with relapsed disease (12/109), three continued

Table 2 Disease characteristics of all patients (n¼ 109)

Disease characteristics Patients, n (%)

Disease status at the time of study

Newly diagnosed ALL 104 (95.4)

Relapsed ALL 5 (4.6)

Subtype of ALL

B-type ALL 89 (81.7)

T-type ALL 20 (18.3)

White blood cell count

< 50,000/mm3 81 (74.3)

> 50,000/mm3 28 (25.7)

Day 8 response to corticosteroids

Good 102 (93.6)

Poor 7 (6.4)

Risk stratification

Standard 43 (39.4)

Intermediate 17 (15.6)

High 49 (45)

MRD at the end of induction

MRD-positive 21 (19.3)

MRD-negative 88 (80.7)

MRD at the end of augmented consolidation

MRD-positive 1 (0.9)

MRD-negative 22 (20.2)

Not applicable 86 (78.9)

Abbreviations: ALL, acute lymphoblastic leukemia; MRD, minimal re-
sidual disease.

Table 1 Demographic profile of all children (n¼ 109)

Characteristics Patients, n (%)

Gender

Boys 68 (62.4)

Girls 41 (37.6)

Age

(1–10 y) 85 (78)

Age (>10 y) 24 (22)

Treatment

Conventional asparaginase 21 (19.3)

Generic pegylated L-asparaginase 88 (80.7)
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chemotherapies, two were successfully salvaged with che-
motherapy alone, three underwent hematopoietic stem
cell transplant, one was lost to follow-up, and six had
refractory/progressive disease and died.

Discussion

In our cohort, generic pegylated-L-asparaginase (Hamsyl)
was effective and safe for use in children with ALL. Although
pegylated-L-asparaginase has largely replaced the conven-
tional asparaginase regimen in developed countries, its use
in developing countries is limited by financial constraints.14

However, given its potential safety, efficacy, and ease of
administration, pegylated L-asparaginase is an important
therapeutic option.17 A generic formulation bioequivalent
to innovator pegaspargase (Oncaspar) would be a cost-effec-
tive option in treating ALL.15 Generic pegylated-L-asparagi-
nase (Hamsyl) available in India, manufactured by Emcure
Pharmaceuticals, is the DCGI-approved generic version of
pegaspargase.16

Asparaginase activity level of 0.1 IU/mL is necessary for
adequate depletion of asparagine. Krishnamurthy et al estab-
lished thebioequivalence of generic pegylated-L-asparaginase
(Hamsyl) and innovator pegasparagase (Oncaspar). Patients
treated with generic pegylated-L-asparaginase (Hamsyl) or
innovator pegasparagase achieved more than the recom-
mended asparaginase levels at day 14.15

Following a single intramuscular injection of pegaspar-
gase, the peak asparaginase activity (�1 IU/mL) was reached
by day 5, and the half-life was 1.7 days. Similarly, following a
single intravenous injection, the peak asparaginase activity
of 1.6 IU/mLwas reachedwithin 1.25 hours.8No dose adjust-
ments are required for patients with renal and liver impair-
ment.11,12In the bioequivalent study, maximum plasma
concentration, trough concentrations, half-life volume of
distribution, drug clearance, and changes in the asparagine
and glutamine levels were not significantly different
between the generic and innovator pegaspargase.15

Studies comparing the efficacy of native asparaginase and
pegylated-L-asparaginase have shown that both treatments
are effective.16,17 However, the advantages of pegylated-L-
asparaginase include rapid clearance of blast, prolonged

asparaginase activity, better CNS penetration, and low titer
of antibodies compared with native asparaginase.17

A few studies have evaluated the effect of generic pegy-
lated-L-asparaginase in childrenwith ALL. Indian experience
with generic pegylated L-asparaginase (Hamsyl) has been
promising. Vyas et al compared the clinical utility of native L-
asparaginase (n¼52) and generic pegylated L-asparaginase
(Hamsyl; n¼54) in children with ALL. The mean trough
levels were higher in the pegylated-L-asparaginase (Hamsyl)
arm. There was no difference in the toxicity profile between
the two treatment arms in the induction phase. However,
clinical and subclinical hypersensitivity were lower in the
pegylated-L-asparaginase (Hamsyl) arm in the re-induction
phase. Two-year event-free survival in the generic pegylated-
L-asparaginase (Hamsyl) and native asparaginase treatment
arms was 84% and 80.7%, respectively (p¼0.85). Generic
pegylated-L-asparaginase (Hamsyl) was efficacious, well-
tolerated, and adequate therapeutic levels were maintained
for 2 weeks.16

In the review by Arora et al, 23 to 37% of childrenwith ALL
had a baseline WBC count of>50,000/mm3, and T cell
lymphoblastic leukemia was reported in 21 to 50% of chil-
dren with ALL.4 Among 3761 children with ALL, 2 to 6% had
CNS involvement. In our study, none of the patients had CNS
disease.4 In all, 25.7% of children in our cohort had WBC
count was>50,000/mm3, and 18.3% had T cell lymphoblastic
leukemia.

Minimal residual disease serves as a measure of early
response to treatment.18 In our study, at the end of induction,
19.8% and 80.7% of patients were MRD-positive and -nega-
tive, respectively. One patient remained MRD-positive at the
end of augmented consolidation therapy. At the end of
induction with pegasparagase, Jayaraman et al reported
that 25% of children (53/211) were MRD-positive requiring
augmented therapy.14

Native and pegylated-L-asparaginase largely differ in
immunogenicity and pharmacokinetic properties.19–21

Half-life of pegylated-L-asparaginase is five times longer
than native asparaginase, which clinically transforms to a
less frequent administration and fewer hospital visits.17

Absorption of pegylated-L-asparaginase from the intramus-
cular site was slower (5 days) than native asparaginase.17

L-Asparaginase is of bacterial origin and can elicit either a
clinical or subclinical immune response in children.22 The
clinical hypersensitivity accounted for up to 75% of children
treated with native asparaginase and is the reason for its
discontinuation.22,23 Hypersensitivity to asparaginase could
affect the treatment efficacy as it leads to increased antibody
levels and low asparaginase activity. Pegaspargase is associ-
ated with lesser clinical hypersensitivity than native aspar-
aginase. Hypersensitivity to pegylated-L-asparaginase is
frequently reported in children who are previously exposed
to native asparaginase.22 Occurrence of immune reactions
also depends on L-asparaginase formulation, concomitant
medications, and treatment intensity. Recurrent exposures,
consolidation/re-induction treatment, and treatment inter-
ruption increase the levels of antibody formation.17,22,24

Corticosteroids used in the treatment protocol can mask

Fig. 1 Disease status at follow-up in all patients (n¼ 108).
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clinical hypersensitivity symptoms and lead to suboptimal
asparaginase activity.17,22

Sub-clinical hypersensitivity also leads to the development
of antibodies and reduced asparaginase activity, but patients
may lack clinical symptoms. Subclinical hypersensitivity is
challenging to identify and, if not addressed, can lead to
treatment failure.25 Subclinical hypersensitivity has been
reported in 8 to 29% of patients receiving native asparagi-
nase.25 Non-antibody mediated infusion reactions can also
occur.26 Hence, therapeutic drug level monitoring should be
done to identify patients with suboptimal drug activity and
adjust the treatment accordingly.8 However, access to sophis-
ticated tests is not possible in routine practical use. Glutamine
depletionwas used tomonitor the L-asparaginase activity and
was slower for pegaspargase, leading to fewer side effects.27

L-asparaginase treatment is associated with hyperglyce-
mia, pancreatitis, thrombosis, encephalopathy,myelosuppres-
sion, and liver toxicity. In addition, asparaginase can reduce
insulin production and insulin receptor resistance, primarily
when used concomitantly with steroids. Asparaginase-associ-
ated hyperglycemia is seen in 4 to 20% of children.28 Aspar-
aginase can lead to an elevation in bilirubin, alkaline
phosphatase, and hepatic transaminases. In children receiv-
ing multiagent chemotherapy, an abnormal liver function
has been found in 30 to 60% of cases.29 The incidence of
liver toxicity is lesser with pegylated L-asparaginase com-
pared with native asparaginase.30 Pancreatitis has been
attributed to the depletion of asparagine and occurs in 2
to 18% of children undergoing chemotherapy with multi-
agent drugs.31 Recurrence of pancreatitis has been reported
in up to 63% of patients.32 Kamat et al also reported
pancreatitis (n¼4) and venous thrombosis (n¼4) as signif-
icant adverse events.33 Hepatic, lipid abnormalities, and
coagulopathy warranting intervention were the other side-
effects.33 Like other reports, our cohort also showed low
incidence (<5%) of pancreatitis, hyperglycemia, altered liver
enzymes, and low fibrinogen.

Asparaginase leads to a decrease in the number of proteins
involved in coagulation, mainly anti-thrombin-III leading to
thrombosis in up to 2 to 7% cases. Fibrinogen is a surrogate
marker for coagulation protein depletion. Fresh frozen plasma
is initiated to improve the levels of anti-thrombin III and
prevent thrombosis.14,34 Only one child with cerebral venous
thrombosis in our cohort required FFP and enoxaparin. The
patient could be safely re-challenged with pegylated-L-aspar-
aginase after clinical recovery and thrombosis resolution as
documented on imaging. In our center, we did not routinely
monitor fibrinogen or transfused FFP. There was no incidence
ofhyperbilirubinemia /alteredcoagulationprofile inour study.

Encephalopathy can occur due to elevated ammonia levels
following treatment with asparaginase.35 Asparaginase has
been found to cause myelosuppression directly or alter the
myelosuppressive property of other agents.36,37 There was
no incidence of encephalopathy or significantmyelosuppres-
sion in our study.

Verma et al. reported that 10 patients with prior hyper-
sensitivity reactions to pegaspargase could be treated with a

safe, cost-effective standard desensitization protocol (dilut-
edmedication [1:100] administered over 6hours). Sustained
asparaginase level>0.05 IU/mL>0.1 IU/mL could be main-
tained for 4 to 7 days and 10 to 14 days, respectively.38

The difference in efficacy between different asparaginase
is related to suboptimal dosing, which leads to low aspar-
aginase activity. Dose adjustments to yield therapeutic levels
of asparaginase activity are needed indicating the impor-
tance of drug monitoring. Subclinical hypersensitivity, inter-
personal variation, and differences in pharmacokinetics
among different asparaginase preparations have under-
scored the need for therapeutic drug monitoring. Individual
dosing as per drugmonitoring can lead to a better outcome in
terms of relapses and event-free survival rates.39

Generic asparaginase can be used as a safe and cost-
effective alternative for children with ALL.15 The cost of
pegylated asparaginase treatment is comparable to native
asparaginase, taking into account the reduced number of
doses and clinical visits using pegylated asparaginase.17

Moreover, a UK-based cost-utility analysis confirmed
the cost-effectiveness of pegaspargase versus native aspar-
aginase in terms of lower hypersensitivity rates and the
need for fewer injections.40 The National Institute for
Health and Care Excellence (NICE) guidelines suggest
pegylated-L-asparaginase as a cost-effective drug in treat-
ing children with ALL.41 To contain the cost of generic
pegylated asparaginase (Hamsyl), we used indigenous
methods such as pooling the patients without majorly
altering the protocol.

Conclusion

The generic pegylated-L-asparaginase (Hamsyl) was effec-
tive and safe to use in pediatric ALL management. The safety
profile of generic pegylated-L-asparaginase was similar to
those reported with innovator pegaspargase and other
studies involving generic formulation of pegylated-L-aspar-
aginase. Although cost is a significant limitation, historical
study reviews suggest that pegylated-L-asparaginase would
be cost-effective considering the reduced number of drug
administrations and low hypersensitivity reactions. Practi-
cally, an upfront reduction in cost could be realized by
adopting the indigenous method of sharing the drug. How-
ever, further studies on a larger population are warranted to
validate these results.
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