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Abstract
l-Asparaginase is an antileukemic drug long approved for clinical use to treat childhood acute lymphoblastic leukemia, the 
most common cancer in this population worldwide. However, the efficacy and its use as a drug have been subject to debate due 
to the variety of adverse effects that patients treated with it present, as well as the prompt elimination in plasma, the need for 
multiple administrations, and high rates of allergic reactions. For this reason, the search for new, less immunogenic variants 
has long been the subject of study. This review presents the main aspects of the l-asparaginase enzyme from a structural, 
pharmacological, and clinical point of view, from the perspective of its use in chemotherapy protocols in conjunction with 
other drugs in the different treatment phases.
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Introduction

Acute lymphoblastic leukemia ALL is the most common 
childhood cancer, with a high incidence in children aged 2 
to 4 years [1]. It is defined as a hematological malignancy of 
the bone marrow, in which lymphoblasts blocked at a point 
of early cell differentiation, proliferate rapidly, accumulate 
and supplant hematopoietic cells; competition then arises 
between the rapidly growing immature cells and healthy 
cells, causing great damage to the body and giving rise to 
cytopenia, leukopenia, thrombocytopenia, anemia, fatigue, 

lethargy, bone and joint pain, respiratory problems and 
increased susceptibility of the body to infections [2, 3].

Asparaginase (ASNase) is an enzyme used to treat ALL. 
It is obtained from the culture of bacteria such as Escheri-
chia coli and is a highly effective product in the treatment 
of these leukemias. It is administered intramuscularly or 
intravenously presenting half-life times that vary according 
to the formulation used in a treatment [4]. In ALL, malig-
nant cells depend on an external source of asparagine, an 
essential nutrient for their survival. ASNase catalyzes the 
hydrolysis of asparagine (ASN) and degrades it until it is 
depleted in the blood, depriving the neoplastic cell of this 
amino acid, and causing its death [5, 6].

Some contraindications should be considered when using 
ASNase, such as hypersensitivity to the enzyme, skin rashes, 
mild allergic and anaphylactic reactions, pancreatitis, throm-
bosis, fever, hepatic insufficiency, hyperammonemia, coagu-
lation abnormalities, as well as its administration generat-
ing increases in blood glucose and uric acid concentrations 
[4]. A hypersensitivity reaction is one of the most signifi-
cant risks during the administration of this enzyme, being 
uncommon with the first application, but with increasing 
frequency with subsequent doses [7].

Despite the disadvantages of its use, l-asparaginase has 
been the treatment of choice for ALL for several decades, 
which indicates the importance of its study and the search 
for improvements in its formulations, some of which have 
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been developed over time, since the incidence of side effects 
leads to the early withdrawal of the enzyme in a treatment 
protocol.

E. coli l‑asparaginase characterization

Escherichia coli l-asparaginase (EcA) was the first bacterial 
ASNase where the high-resolution crystallographic structure 
was determined55, asparaginase exists in active form as a 
well-organized tetramer and both E. coli and Erwinia sp. 
l-asparaginase have similar structures [8, 9].

However, the two enzymes have somewhat different 
properties; E. coli l-asparaginase (EcA) is an acidic protein 
with an isoelectric point (pI) of 5.0 while Erwinia chry-
santhemi l-asparaginase (ErA) is an acidic protein [5]. E. 
coli ASNase is made up of four equal subunits or mono-
mers A and C, D and B. Each EcA subunit has a pI of 8.7 
C1377H2208N382O442S17 and molecular weight for each 
of 35.6 kDac [6, 10] according to data reported by X-ray 
crystallography X [11]. For ErA of 43KDa, each monomer 
in EcA contains 330 amino acids arranged in two domains 
(N- and C-terminal) of the class α/β. The N-terminal domain 
is made up of the residues 1–190 and binds to the C-terminal 
domain (residue 213–326) by a loop (waste 191–212). This 
enzyme presents an active site characterized by the pres-
ence of the residues Thr12, Tyr25,Thr89, Asp90, Lys162, 
where Tyr25,Thr12 and Thr89 are involved in their interac-
tion with the substrate, so the homotetramers in the structure 
are best described as intimately related dimers characterized 
by an extensive interface between the subunits that are held 
together by various interactions, mainly van der Waals and 
electrostatic interactions [12, 13].

The pure enzyme has a specific activity of 280–400 IU/
mg protein and an optimal pH range for its activity between 
7.0 and 8.0, with an optimal temperature of 37 °C and KM 
value indicative of its Michaelis–Menten kinetic behavior 
and related to its affinity for the substrate as well as an effec-
tive antitumor activity [14], a good therapeutic l-asparagi-
nase should have a low KM value and a high kcat value, 
which is sufficient to reduce endogenous asparagine levels 
from 40 to 80 µM to less than 0.2 µM ideally 65 according 
to current treatments on the market [15, 16].

Asparaginase can come from sources such as plants, 
bacteria and fungi [12], being the best bacterial source for 
obtaining it due to its ability to grow on simple substrates, 
the ease of optimizing culture conditions in the production 
of large quantities of the enzyme, the possibility of making 
genetic modifications to increase yields, the feasibility of 
its extraction and purification in a more economical way, 
and the possibility of using the enzyme in the production of 
large quantities [17].

Biological role and mode of action 
of asparaginase

Asparagine is an essential amino acid used by the leukemic 
cell for proliferation. The tumor cell shows a reduction in 
asparagine synthetase expression levels due to epigenetic 
regulations, such as hypermethylation of the CpG islets of 
the promoter, or by methylation and acetylation of histones 
[18] which prevents it from synthesizing ASN in the amount 
required for its growth and proliferation, which is why it 
seeks to incorporate this amino acid from blood plasma [19].

Normal cells perform ASN biosynthesis by employing 
transaminase that converts oxaloacetate to an aspartate inter-
mediate, which then transfers an amino group from gluta-
mate to oxaloacetate generating α-ketoglutarate and aspar-
tate. Finally, in the healthy cell, aspartate is converted to 
ASN asparagine by the action of ASNs.21 For the metabolic 
functioning of leukemic cells, the supply of ASN is impor-
tant and these cells require high demand for this amino acid, 
so that the growth of these cells is suppressed since they 
become dependent on an exogenous source of ASN because 
they do not have asparagine synthetase [20] to perform the 
biosynthesis of the same.

The antineoplastic activity of asparaginase is because it 
causes a reduction in the levels of asparagine, exerting its 
action continuously until the available reserves in the blood 
are exhausted, thus making it impossible to nourish the cell. 
This depletion has a negative impact [21], as asparagine is a 
crucial amino acid for DNA and RNA protein synthesis, and 
is a specific requirement for the G1 phase of cell division. It 
therefore suppresses the growth of malignant cells that are 
more dependent on an exogenous source of asparagine and 
glutamine than healthy cells and inducing apoptosis of the 
neoplastic cell population [22].

L-ASNase catalyzes the hydrolysis of asparagine, causing 
the formation of an unstable intermediate which, by hydroly-
sis, leads to the formation of aspartic acid and ammonia, 
so that the ASN available in the blood is degraded until its 
levels are exhausted [13, 23] (Fig. 1).

l‑Asparaginase in the treatment of acute 
lymphoblastic leukemia

The treatment of ALL lasts several years and is divided into 
phases. The first phase, the induction phase, is the initial 
stage of treatment, with a duration of 4–6 weeks of therapy. 
The goal is to reduce the load of leukemic cells (blasts) in 
the bone marrow to normal levels according to the patient's 
age, eliminate them in the blood, achieve complete remis-
sion and restore hematopoiesis. Complete remission is the 
basis of treatment and a requirement for prolonged survival 
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[24]; with the improvement of supportive care and chemo-
therapeutic agents, the rate of complete remission achieved 
is 96–99% [25].

At this stage, l-asparaginase is usually used in its 3 avail-
able preparations and in combination therapy with OV or 
IV chemotherapy drugs as appropriate such as vincristine, 
dexamethasone, prednisone or prednisolone, doxorubicin or 
daunorubicin. Some regimens may include cyclophospha-
mide and/or high doses of methotrexate or cytarabine as part 
of the induction phase, depending on the patient's prognos-
tic factors. Leukemia usually goes into remission; however, 
additional treatment is provided to prevent leukemic cells 
from spreading to the central nervous system (CNS prophy-
laxis), which may include intrathecal or IV chemotherapy, 
radiation therapy to the brain and marrow. Treatment with 
imatinib (a tyrosine kinase inhibitor) and newer inhibitors, 
such as dasatinib or nilotinib, have also increased the remis-
sion rate in patients with Philadelphia chromosome-positive 
ALL [24].

The second and third phases are consolidation and rein-
duction, where intensive treatment is administered imme-
diately after induction. If the leukemia goes into remission 
at this stage, the aim is to eradicate residual leukemic cells 
and reduce the risk of recurrence; the focus is on protecting 
the central nervous system. It can last several months and 
6MP and methotrexate are administered [25]. Asparaginase 
administration is uninterrupted for 20–30 weeks and rein-
duction therapy employs drugs similar to those used during 
the previous stage.

Finally, during maintenance or continuation therapy as 
the final stage of treatment, patients with ALL require pro-
longed maintenance treatment for 2 years or more, with fre-
quent re-evaluation for relapse, using weekly methotrexate 
and 6-mercaptopurine (6-MP) used daily [24].

The administration of l-asparaginase in conjunction with 
other drugs has been considered prominent for the treat-
ment of this disease; however, its use causes adverse effects 
in the body [19]. For this reason, science has sought new 

forms of the enzyme for testing and implementation, it being 
important considered some aspects, such as their high affin-
ity for L-ASN, low percentage of activity on L-glutamine, 
high stability, extended half-life in blood plasma and mainly 
anti-leukemic activity when a low dose is applied, as well 
as lower immunogenesis and a better toxicological profile.

Chemotherapy protocols that include 
asparaginase

There are a variety of drugs which have been used in combi-
nation with l-asparaginase in first and second-line protocols 
to treat ALL, their activities, adverse effects, indications, 
routes of administration are summarized [26–28] then in the 
next table (Table 1).

Therapeutic application of l‑asparaginase

At present, the enzymes of E. coli and Erwinia chry-
santhemi and their derivatives are the only preparations 
available for medical use [29]. For the treatment of acute 
lymphoblastic leukemia (ALL), FDA-approved ASNase 
formulations are used: native forms of the enzyme, 
obtained from Escherichia coli [30] (EcAII) Elspar® and 
Dickeya chrysanthemi [7] (ErAII) Erwinase®, a chemi-
cally modified form of the ASNase from E. coli native [31] 
(PEG-asparaginase) Oncaspar® (Pegaspargase®), which 
has been modified to covalently link it to molecules of 
monomethoxy polyethylene glycol, a recombinant form of 
ASNase from E.coli Spectrila® [32]. Asparaginases from 
Escherichia coli have also been known as Kidrolase®, 
Medac®, Crasnitin®, being part in its different formula-
tions of the treatments in ALL [33]. The different formu-
lations used share the same mode of action, but have dif-
ferent pharmacological properties (plasma half-life, dose 
periodicity and specific doses) preventing ASNases from 

Fig. 1   Representation of the 
mode of action of l-asparagi-
nase in healthy and tumor cells
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being interchangeable at the same doses and administra-
tion frequencies [34].

In general terms, E. coli asparaginase is the first-line 
formulation in most protocols, but its availability varies 
from country to country; it has been considered that each 
dose of 10,000 UI/m2 of E. coli l-asparaginase should be 
replaced by 20,000–25,000 UI/m2 of Erwinia l-asparagi-
nase. The replacement dose of Erwinia l-asparaginase in 
patients suffering from hypersensitivity to PEG-asparaginase 
would be 25,000 UI/m2 administered IV or IM (3 days every 
other day) for 2 weeks, for each dose of PEG-asparaginase. 
Regarding asparaginase from Erwinia chrysanthemi, it is 
a formulation indicated in Spain, as well as in many other 
countries, as second- or third-line treatment in cases of 
hypersensitivity to the derivative forms of E. coli.98 Accord-
ing to the protocols, in case of allergic reactions to E. coli 
the second-line formulation can be Erwinia asparaginase or 
PEG-asparaginase. In the latter case, Erwinia asparaginase 
can be used as a second-line formulation and Erwinia would 
go to third-line, as the half-life in this enzyme is shorter 
than those of E. coli. Therefore, higher, and more frequent 
doses are necessary to achieve a complete serum depletion 
of asparagine. The recommended doses are 20,000 IU/m2, 
3 times/week [29]. As for the asparaginase from PEGylated 
E. coli, this is a modified form of the enzyme obtained 
from native E. coli, through a covalent conjugation with 
monomethoxy polyethylene glycol units (PEG). The com-
mercial preparation, Oncaspar®, is available in most coun-
tries, although in the US it has been approved as a first-line 
treatment and in Europe as a second or third-line treatment 
in cases of hypersensitivity to native forms of E. coli. The 
objective of this formulation is to reduce immunogenicity, 
but also to reduce the frequency of administration, which 
includes the incidence of allergies and the development of 
antibodies, both of which are lower than with native E. coli 
asparaginase. The recommended doses are 1000–2500 IU/
m2 each, or 2 weeks [21, 35].

Studies with native l-asparaginases of Erwinia and E. 
coli origin have been numerous and extensively discussed 
over the last 3 decades. However, no data have been pre-
sented for clinical trials of the enzyme from different sources 
such as fungi, yeasts, actinomycetes and plants as they have 
not been extensively characterized from these sources [14]. 
Given this and the association of adverse effects such as 
hypersensitivity in the native forms of asparaginase, modifi-
cations of the drug have been gaining importance in clinical 
applications; thus, the PEGylated enzyme is preferred over 
any of the available native preparations, and its administra-
tion has been found to be safe in patients mostly allergic to 
the l-asparaginases of asparagine. E. coli y Erwinia; is also 
known to be eliminated from plasma in a delayed mode, 
decreasing the frequency of medication [36].

Escalating doses in a phase I study, PEGylated aspara-
ginase was administered to 31 adult patients by IV (doses 
between 500 and 8000 IU/m2) for 1 h at 2-week intervals 
before repeating the dose and 3/31 patients developed symp-
toms and anaphylactic reactions. Other important associated 
toxicities were hyperglycemia and dysfunction. As a result, 
of this study, no correlation was found between drug dose 
and toxicity; there were even responses in patients with ALL 
and lymphoma. These results provided the basis for further 
trials, using a similar dose range between 2000 and 2500 IU/
m2 for clinical studies [37].

It is known that other investigators, using 500 IU/m2 of 
PEGylated asparaginase in children with relapsed ALL, 
achieved good plasma asparaginase activity, being efficient 
at depleting asparaginase to the required levels (≥ 0.1 IU/ml) 
in most patients [38].

Phase II trials have been conducted in patients with 
relapsed ALL, using doses of 2000 IU/m2 of PEGylated 
asparaginase once per week for 14 days, then therapy in con-
junction with vincristine, prednisone, doxorubicin (40 mg/
m2) and intrathecal dosing after 2 weeks. After this, 22% of 
patients achieved high remissions: at the end of the induction 
period 78% of patients were in complete or partial remission, 
with no anaphylactic reactions, mild allergic reactions, or 
pancreatitis and a low incidence of hyperglycemia [39].

Using PEGylated asparaginase in phase II every 
15 days × 3 doses, achieving 80% favorable response to 
treatment in 7 patients with refractory ALL, of which 
5/7 showed complete response and only 2 showed partial 
response. 2000 IU/m2 treatment was also used in 22 patients 
with recurrent ALL and in conjunction with methotrexate, 
vincristine, prednisone at day 1 and 14 of therapy, achieving 
complete responses of up to 93% in 14/22 of the patients 
[14].

Published studies on bio-improved asparaginase activ-
ity show that conjugation with oxidized inulin improves 
the thermal stability of the enzyme, resistance to trypsin 
digestion, longer half-life, and a wide range of optimum pH 
compared to native asparaginase. The decrease of antibodies 
(IgG) and immunogenicity is also reported (study in rabbits) 
in repeated doses [40].

In 33 previously treated patients (2009 and 2011) in an 
ALR3 trial (UKALL2003), PEGylated asparaginase was 
administered, finding that 21 responded favorably showing 
asparaginase activity (IM 1000 IU/m2; 200 IU/l), 1 showed 
antibodies against the PEGylated and native form, with no 
detectable activity to the PEGylated form, resulting in an 
adequate dose in the treatment of relapsed patients during 
the first-line protocol [41].

Comparative clinical trials between SC-PEG and SS-PEG 
(succinimidyl carbamate and succinate, respectively) in 
167 pediatric patients with high-risk B-cell ALL (Pediatric 
Oncology Group), using SC 2500 IU/m2 and SS 2100 IU/
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m2 in a randomized fashion in identical therapy regimen, 
demonstrated longer activity for SC-PEG versus SS-PEG 
and similar toxicity profiles [42].

In adult patients treated for relapse of ALL, in combined 
treatment of PEGylated asparaginase with dexamethasone, 
vincristine and methotrexate, side effects including nausea, 
increased bilirubin and transaminases, hyperglycemia and 
peripheral neuropathy were observed and readjusted. The 
overall and complete remission rates were 28% and 39%, 
respectively [43].

There are reports of 615 patients evaluated between 2008 
and 2011 with PEGylated asparaginase, to which they pre-
sented an allergic reaction when randomly receiving 8–15 
doses of the enzyme (IM 1000 IU/m2) for 7.5 months and 
every 2 or 6 weeks (NOPHO ALL2008 protocol).7,9 discon-
tinued treatment after the second dose; in 58% of patients 
the allergic reaction occurred 2 h after the dose with symp-
toms of mild systemic anaphylaxis; 9 had an anaphylactic 
reaction after 1 h of enzyme administration; 6% of patients 
subsequently treated with Erwinia also presented allergic 
reactions [44].

Monitoring asparaginase activity is very advantageous 
during the application of treatment protocols, so that dosage 
schedules can be optimized [45], as well as patients with 
silent inactivation [46] or pseudo-allergic reaction can be 
identified, correlating the levels of anti-asparaginase anti-
bodies with the activity to adapt the treatment protocols to 
the patient and achieve better results [47].

In a study of patients treated with native asparaginase, 
randomized into 2 groups, customized doses, and fixed 
doses, respectively, of E. coli asparaginase were used, 
observing that the fixed dose group presented clinical hyper-
sensitivity in some cases and the treatment was changed to 
another asparaginase. However, in the personalized dose 
group, silent inactivation were reported (it being necessary 
to change the enzyme), but they showed a superior event-
free survival in the following 5 years (90%) compared to 
the fixed dose group (82%), which shows the advantage of 
having been able to determine the activity of the enzyme 
against silent inactivation [48].

The development of a longer-acting asparaginase (Irish 
pharmaceutical company license 2017) using PASylation® 
technology, based on incorporating proline, alanine and ser-
ine (PAS) polypeptides into the enzyme as these possess 
similar biophysical properties to PEGylated asparaginase 
under physiological conditions and chemically inert side 
chains [49].

Phase II/III clinical trials have with PEG crisantaspase to 
be used as a second-line drug (Asparec®) if hypersensitivity 
to the enzyme E. coli occurs, these studies were completed 
in 2015, using Intravenous (IV) Infusion in Patients with 
Relapsed or Refractory Hematological Malignancies, in 
addition, a pegylated biopharmaceutical, already approved 

by the FDA, was developed using succinimidyl carbamate 
(Calaspargase Pegol) [33, 50].

Limitations of l‑asparaginase

The use of ASNase in the treatment of acute lymphoblastic 
leukemia causes asparagine depletion, which is also associ-
ated with a lower synthesis of proteins such as albumin, 
insulin and others involved in the process of coagulation and 
fibrinolysis, leading to thrombosis, pancreatitis, or hypergly-
cemia. In addition, due to its bacterial origin, it has the dis-
advantage of provoking immune reactions (hypersensitivity 
and formation of antibodies), as well as hyperammonemia, 
leukopenia, hepatic insufficiency, hemorrhages; these effects 
are also associated with the use of antitumor drugs used and 
with factors such as gender, age, body mass index and, in the 
case of adolescents the high-risk of neurotoxicity causing 
depression, fatigue, lethargy, dizziness [51].

Another limitation is that the patient's immune system 
may react against the drug in different ways, including sup-
pression of the asparagine synthetase gene, production of 
specific antibodies against the drug, inactivation of caspase 
3 or PARP (poly ADP-ribose polymerase), and production 
of glutamine in large amounts by adipocytes. In addition, 
the drug in its native form is rapidly eliminated from the 
blood serum (short half-life), so the patient needs 3 or more 
treatments every week, which requires frequent visits to the 
physician and therefore makes the overall treatment expen-
sive [52].

Adverse effects

Pancreatitis is a common consequence among patients 
receiving asparaginase treatment, affecting about 17% 
of those involved and presenting with symptoms such as 
abdominal pain, anorexia, vomiting and vomiting [53]; 
this effect has a high incidence in patients over 4 years of 
age and with a median of 12 days after administration of 
asparaginase from E. coli [54]. The course of pancreatitis is 
also associated with the administration of prednisone, dexa-
methasone, daunomycin, and the relationship between the 
dose and the duration or type of asparaginase used for the 
occurrence of pancreatitis is not clearly known. Although 
most cases are acute, a large proportion of patients return to 
receive the enzyme at least 72 h after the onset of symptoms 
[55]. The evolution of pancreatitis in patients with leuke-
mia and lymphoma treated with l-asparaginase could be 
influenced by their immunosuppression, frequent microbial 
translocation from the intestine, coagulation alterations and 
hyperlipidemia associated with chemotherapy combined 
with asparaginase [56]. It is recommended that asparaginase 
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be reintroduced in patients who, within 48 h, have (1) no 
symptoms of acute pancreatitis, (2) normal amylase and 
lipase levels below three times the LNU, and (3) no pseudo-
cysts or necrosis on imaging. If these patients experience a 
new episode of pancreatitis, treatment with l-asparaginase 
should be permanently discontinued [53].

Hypersensitivity is an adverse effect mainly associated 
with the use of ASNase from E. coli compared to PEGylated 
asparaginase and that from E. coli and Erwinia [57]. It 
occurs in about 50% of children and 15% of adults [58]. 
This leads to the substitution of the asparaginase formulation 
used, taking into account the half-life time as well as a better 
control of the drug exposure, since this side effect produces 
immune reactions that induce the formation of antibodies 
that inactivate the ASNase [59].

The manifestations are allergies that can be mild or 
severe, such as erythema at the injection site, urticaria, bron-
chospasm and even anaphylactic reactions in 20 to 40% of 
the cases, which poses a great risk to the patient's life since 
they usually occur silently with no manifestations of symp-
toms to warn about the ongoing reaction [60]. The option to 
continue with the therapy scheme is to change the ASNase 
to the PEGylated form, which is designed to mask the immu-
nogenicity of asparaginase and act with a longer half-life in 
the bloodstream [61].

Hypersensitivity reactions have been associated with the 
generation of antibodies against bacterial proteins. Most 
of the episodes occur during the reinduction phases, being 
more frequent in consolidation and maintenance. The admin-
istration of the enzyme by IV route is also associated with a 
higher risk of hypersensitivity reactions [62].

Immune reactions to asparaginase classified as clinical or 
subclinical hypersensitivity (silent inactivation) have varia-
ble incidence rates. Clinical hypersensitivity to native E. coli 
asparaginase has been reported in up to 75% of patients with 
ALL [63] although rates generally range from 10 to 30% [63, 
64] and the Clinical hypersensitivity reactions appear to be 
less frequent with PEGylated asparaginase, with rates of 3 
to 24% reported in clinical trials [65]. Hypersensitivity reac-
tions to the PEGylated form are more frequent when patients 
have been previously exposed to native E coli asparaginase 
due to their common bacterial origin [58].

Clinical hypersensitivity rates in patients receiv-
ing Erwinia asparaginase have been reported in 3–37% 
of patients in clinical trials [65, 66]. Patients developing 
hypersensitivity showed increased antibody formation 
and decreased levels of asparaginase activity compared to 
patients not developing hypersensitivity in the induction 
phase [64, 67, 68]. Clinical hypersensitivity (grades 1–4) 
has been reported in 20 of 89 patients (22%) administered 
PEG-asparaginase during the intensification phase after 
receiving native E. coli asparaginase during the induction 

phase of the Dutch Children's Oncology Group (DCOG) 
ALL-10 protocol [68].

The likelihood that asparaginase will elicit an immune 
response in patients may be influenced by several factors, 
including the asparaginase preparation, the intensity of 
treatment and the use of concomitant medications [69, 70]. 
The risk of antibody formation in patients increases with 
repeated exposure to asparaginase; the consolidation and 
reinduction phases show the highest incidence of hypersen-
sitivity reactions and antibody formation [53, 71]. Prolonged 
exposure to asparaginase without treatment interruption, 
however, is associated with a decrease in antibody levels 
[70, 72] and consequently, hypersensitivity reactions are 
more frequent in the first doses of asparaginase after a treat-
ment interruption [68]. Asparaginase frequently gives rise 
to antibodies that can inactivate it and these antibodies are 
associated with a decrease in its efficiency. Inactivation of 
the enzyme is reliably detected by measuring the enzyme 
activity of the formulation used and correlating it with the 
level of asparagine depletion; serum asparagine activity 
levels above 100 IU/l are considered to achieve asparagine 
depletion below quantification levels [34, 73].

Prospects for overcoming the disadvantages 
of enzymes

The use of genetic engineering techniques is an opportunity 
for the development of alternative strategies in the search for 
new modified asparaginases. These techniques have resulted 
in enzymes with improved kinetic properties, a wider range 
of pH and temperature for their activity, greater thermosta-
bility and specific activity, and greater resistance to proteo-
lytic digestion [74], aiming to reduce the immunogenicity 
of the enzyme. This would avoid variation in its bioactivity 
and trying to prolong its half-life in the blood plasma to offer 
the patient less frequent applications in a treatment, fewer 
adverse effects, as well as the safety and effectiveness of the 
enzyme [8].

In this sense, strategies have been developed in the 
search for these characteristics in the enzyme; and to this 
end, chemical modification has been proposed by coating E. 
coli asparaginase with polyethylene glycol (PEG) chains, a 
water-soluble polymer approved for oral, topical and intra-
venous administration [75]. The use of soluble polymeric 
supports such as albumin, dextran, polyvinyl alcohol, and 
insoluble support matrices such as collagen, carboxym-
ethylcellulose and polyacrylamide gels has also been sug-
gested, with covalent coupling of l-asparaginase with PEG 
being the most common technique for enzyme modifica-
tion. Although PEG-asparaginase is an effective alternative 
to E. coli and Erwinia [7].
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It has limitations in terms of loss of activity and toxic-
ity [74]. This form of asparaginase increases its stability 
under physiological conditions, so the strategy has improved 
the therapeutic efficiency of the enzyme, whether at multi-
ple sites of the protein or at a selected amino acid residue; 
however, these aspects and the conformational restriction 
imposed by the PEG chains, as well as the production by the 
immune system of antibodies against the PEG formulations 
must be resolved [33].

Other more recent modification protocols have been 
applied by conjugating the enzyme with succinimidyl suc-
cinate derived from polyethylene glycol to avoid denatura-
tion of asparaginase upon exposure to organic solvents and 
sonication [76]. On the other hand, the stability and activity 
of Cladosporium sp. asparaginase have been improved after 
chemical modification with ovalbumin and bovine serum 
albumin [77].

Other strategies adopted are those related to the induction 
of glycosylations (addition of sugars), as is the case of the 
study on the structure of Erwinia chrysanthemi asparagi-
nase, where yeast strains called GlycoSwitch® have been 
used, which have been genetically modified for the produc-
tion of recombinant proteins with a homogeneous pattern of 
N-glycosylation, representing an alternative for the recom-
binant production of l-asparaginase [78]. Glycosylation can 
improve pharmacokinetics, solubility, distribution, serum 
half-life, effector function and enzyme receptor binding; 
therefore, it can be used to reduce many of the side effects 
of treatment [79].

Has been investigated the pharmacological activity, 
immunogenicity, and anti-leukemic activity of a recombinant 
of Erwinia, (PEG-r-crisantaspase). It has been demonstrated 
that it maintains a complete depletion of asparaginase in the 
blood for 72 h, without detection of antibodies and inhibiting 
the proliferation of leukemic cells, so it could be a candidate 
in the treatment of ALL. However, its use in humans is cur-
rently under evaluation in phase I (NCT01251809), showing 
as first results that it is less immunogenic than Erwinase® 
and markedly increases half-life in plasma [33, 80].

Site-directed mutagenesis has taken advantage of the fact 
that charged amino acid residues on both the interior and 
surface of the enzymes contribute to biological activities 
and stability. Neutralization and charge reversal at critical 
positions of the enzyme optimizes the electrostatic surface 
by eliminating that unfavorable electrostatic interaction, thus 
conferring stability. Stability improvements have been made 
by altering the surface charges of E. coli l-asparaginase 
using this technique to replace destabilizing amino acids 
with stabilizing residues [81].

The most feasible engineering strategy can be predicted 
by bioinformatics tools for modeling and modifying aspara-
ginase properties, such as a genetic algorithm, structure-
based multiple sequence alignment, crystallographic 

structure analysis and molecular dynamics simulations, den-
sity functional theory (DFT), molecular docking, tetramer 
solvent accessibility and internal dynamics of the protein, 
kinetics of Asn and Gln catabolism, prediction of confor-
mational stability, among others useful for an adequate and 
thorough study of the biopharmaceutical [82].In this sense, 
immunoinformatic analyses have been performed as a tool in 
the development and improvement of therapeutic proteins to 
clarify structural aspects and determine the immunogenicity 
of asparaginase from Escherichia coli and Erwinia caro-
tovora. Regarding that, there are no significant differences 
in the level of immunogenicity between the two enzymes, 
while the asparaginase of E. coli asparaginase proves to be a 
major allergenic determinant. These results can be the basis 
for the design of asparaginase using bioengineering through 
the modification of immunogenic or allergenic epitopes in 
specific amino acids located in the enzyme structure [83].

In addition, immobilization (adsorption, covalent bonds 
and encapsulation) of asparaginase in nanostructured mate-
rials on different types of substrates and supports has been 
proposed as an alternative to protect it from the action of 
proteases and provide it with a longer catalytic half-life 
in vivo [84, 85].

The encapsulation of the enzyme in nanoparticles and 
liposomes has been described as an alternative; however, 
the development of nanotechnology-based ASNases is com-
plex since the starting materials for the nanocarriers, such as 
polymers, lipids and surfactants, must be chosen consider-
ing their biodegradability and guaranteeing their subsequent 
elimination from the body as well as their sterilization and 
stability at low temperatures [86] in the case of the enzyme. 
In this sense, permeable polymersomes have been devel-
oped as ASNase nanobioreactors, allowing the depletion of 
L-asparagine without the enzyme being released from the 
nanostructures into the bloodstream, reducing its proteolytic 
degradation and the recognition of antibodies compared to 
free protein or PEG-conjugates [87].

In this regard, erythrocyte-encapsulated asparaginase 
has been developed (GRASPA® Erytech Pharma Lyon, 
France) as a circulating cell microbioreactor (MBC), 
which allows intracellular depletion of L-asparagine for 
a longer period than the native E. coli formulation using 
lower doses. This is a formula that contains ASNase 
encapsulated in red blood cells, with 150 IU/kg in each 
chemotherapy cycle, and it can be used without gener-
ating toxic products for a long period of 100–120 days, 
compared with PEG ASNase of 5 days or native ASNase 
for 26 h. This makes it possible to reduce the dosage of the 
enzyme and maintain its levels in the blood. Its use does 
not produce allergies, but it causes adverse effects such 
as anemia and thrombocytopenia. It is currently in phase 
II trials combined in low doses with cytarabine, and in 
patients older than 65 years (NCT01810705) with newly 
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diagnosed acute myeloid leukemia AML not suitable for 
intensive chemotherapy and has only been compared with 
E. coli native asparaginase [33, 50].

In a GRASPALL 2005–01 study, applying three ran-
domized controlled doses of GRASPA to evaluate the 
duration of phase I/II asparagine depletion in adults and 
children with first relapse acute lymphoblastic leukemia 
(ALL) 2006/2008, 18 patients received GRASPA (50 IU/
kg: n = 6, 100 IU/kg: n = 6, 150 IU/kg: n = 6) after rand-
omization, and six patients were assigned to treatment with 
native Escherichia coli. GRASPA was found to be effective 
in eliminating L-asparagine and a single dose of 150 IU/
kg (NCT01518517) of GRASPA was observed to achieve 
[33] results similar to those obtained by IV administration of 
8—10 000 IU/m2 of E. coli. The safety profile of GRASPA 
showed a reduction in the number and severity of allergic 
reactions and a tendency to reduce coagulation disorders. 
Other adverse effects were comparable to those observed 
with the native formulation and with no differences among 
the three doses of GRASPA used [50].

However, in June 2018, Erytech Pharma S.A. officially 
notified the Committee for Medicinal Products for Human 
Use (CHMP) of its desire to withdraw the marketing authori-
zation application for GRASPA for the treatment of acute 
lymphoblastic leukemia (ALL). This formulation would be 
used to treat patients with a negative Philadelphia chromo-
some and whose response to initial treatment or if relapse 
occurred after treatment. The CHMP (Committee for Medic-
inal Products for Human Use) had considered with reserva-
tions that this formulation would not be approved due to the 
way in which the efficacy of the drug had been determined in 
the main study. Moreover, the company modified the way of 
producing the drug without demonstrating the effect on the 
efficiency of GRASPA, stating the data were not available 
to present to the CHMP, while Erytech Pharma reported at 
the time that the patients participating in clinical trials would 
have no consequences [88].

In the search for ASNase alternatives, it is possible to find 
versions of the enzyme with different pharmacological char-
acteristics, potentially useful for the treatment of ALL and 
other lymphomas. One option is to include others microbial 
ASNases than E.coli and E. chrysanthemi and focus on the 
strategy with the best advantage such as PEGylation to gen-
erate improved forms with high affinity for asparagine (Asn) 
and low affinity for l-glutamine; with thermal and mechani-
cal stability, better water solubility; considering the actions 
by the antigenic sites present on the enzyme surface, preven-
tion of in vivo degradation by proteolytic enzymes, increase 
of the apparent size of the enzyme and its hydrodynamic 
volume (less renal filtration and longer half-life of the drug), 
improvement of the enzymatic activity affected by steric and 
conformational hindrance would be good strategies in search 
of decreasing the incidence of adverse side effects [74, 89].

Concluding Remarks

Asparaginase is a critical component of all pediatric ALL 
protocols and is increasingly used to treat patients with 
ALL despite the disadvantages of its use. This indicates 
the importance of its study and the search for improve-
ments in its formulations, some of which have been sought 
to be developed over time; however, alternatives should 
continue to be investigated in pursuit of more favorable 
pharmacological and pharmacokinetic properties. Yet as 
with many protocols incorporating prolonged, high inten-
sity asparaginase therapy, it is important for practitioners 
to be aware of all potential toxicities associated with treat-
ment. Effective management of asparaginase toxicity will 
help ensure that patients receive the full course of aspara-
ginase treatment and achieve optimal outcomes.

With the increasing demand for enzymes, methods 
such as genetic engineering and recombinant technolo-
gies should be exploited to produce l-asparaginase from 
microbes at a lower cost, with a high expression rate and 
alternative microbial sources to Escherichia coli and 
Erwinia chrysanthemi should be explored, which to date 
are the only sources used for medical purposes but cause 
side effects in their administration.

In conclusion, it is necessary to introduce new formu-
lations resulting from studies and explorations in new 
sources as part of the search for better results. It can be 
perceived that is an effective candidate, with great poten-
tial in the treatment of malignant diseases of the lymphatic 
system, but it has parallel side effects that still need to be 
worked on and could be resolved, in our opinion, through 
a better characterization of the pharmacodynamics and 
pharmacokinetics, which would increase the efficacy of 
the drug. Thus, there is still much to be explored about 
this useful enzyme.
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