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Abstract

Background: Over the past decades, treatment strategies for acute lymphoblastic 
leukemia (ALL) have markedly improved, particularly in pediatric populations. L-As-
paraginase (L-Asp) remains a cornerstone in ALL therapy due to its capacity to de-
plete circulating asparagine, thereby inhibiting leukemic cell proliferation. However, 
interindividual variability in response and adverse events such as hypersensitivity 
and pancreatitis limit its effectiveness.

Objective: This review aims to explore the impact of pharmacokinetics, pharmaco-
dynamics, and genetic biomarkers on the optimization of L-Asp therapy in pediatric 
ALL, emphasizing strategies for personalized treatment.
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Methods: A systematic literature review was conducted following the PRISMA guide-
lines. Six databases were searched using predefined keywords related to L-Asp, phar-
macogenetics, pharmacokinetics, and treatment response. After applying eligibility 
criteria and removing duplicates, a total of 95 articles were selected for inclusion.

Results: Current evidence highlights the role of genetic polymorphisms, particularly 
those involved in immune response and drug metabolism, in modulating both effica-
cy and toxicity of L-Asp. Advances in therapeutic drug monitoring and individualized 
dosing algorithms, informed by pharmacogenomic data, have improved patient out-
comes. Resistance mechanisms and predictive models are under active investigation.

Conclusion: Integrating pharmacokinetic monitoring with pharmacogenomic pro-
filing represents a promising approach to enhance the safety and efficacy of L-Asp 
therapy. These strategies are crucial steps toward precision medicine in the manage-
ment of pediatric ALL.
© 2026 Academia de Ciencias Médicas de Bilbao. All rights reserved.

Optimización del tratamiento con L-asparaginasa en la leucemia linfoblástica 
aguda pediátrica: revisión del impacto de la farmacocinética, la farmacodiná-
mica y los biomarcadores genéticos

Resumen

Antecedentes: Durante las últimas décadas, las estrategias de tratamiento de la 
leucemia linfoblástica aguda (LLA) han mejorado notablemente, en particular en la 
población pediátrica. La L-asparaginasa (L-Asp) sigue siendo un pilar del tratamiento 
de la LLA por su capacidad para agotar la asparagina circulante e inhibir así la pro-
liferación de las células leucémicas. Sin embargo, la variabilidad interindividual de 
la respuesta y acontecimientos adversos como la hipersensibilidad y la pancreatitis 
limitan su eficacia.

Objetivo: Esta revisión tiene como objetivo analizar el impacto de la farmacocinéti-
ca, la farmacodinámica y los biomarcadores genéticos en la optimización del trata-
miento con L-Asp en la LLA pediátrica, haciendo hincapié en las estrategias de trata-
miento personalizado.

Métodos: Se realizó una revisión sistemática de la literatura siguiendo las directrices 
PRISMA. Se consultaron seis bases de datos mediante palabras clave predefinidas 
relacionadas con la L-Asp, la farmacogenética, la farmacocinética y la respuesta al 
tratamiento. Tras aplicar los criterios de elegibilidad y eliminar los duplicados, se se-
leccionaron 95 artículos para su inclusión.

Resultados: La evidencia actual destaca el papel de los polimorfismos genéticos, 
especialmente los relacionados con la respuesta inmunitaria y el metabolismo de los 
fármacos, en la modulación tanto de la eficacia como de la toxicidad de la L-Asp. Los 
avances en la monitorización terapéutica de fármacos y en los algoritmos de dosifi-
cación individualizada basados en datos farmacogenómicos han mejorado los resul-
tados de los pacientes. Los mecanismos de resistencia y los modelos predictivos se 
encuentran en investigación activa.

Conclusión: La integración de la monitorización farmacocinética con el perfil farma-
cogenómico representa un enfoque prometedor para mejorar la seguridad y la efica-
cia del tratamiento con L-Asp. Estas estrategias constituyen pasos esenciales hacia la 
medicina de precisión en el manejo de la LLA pediátrica.
© 2026 Academia de Ciencias Médicas de Bilbao. Todos los derechos reservados.
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Introduction
Acute lymphoblastic leukemia (ALL) is the most preva-
lent hematologic malignancy in the pediatric population 
and constitutes the leading cause of cancer in children. 
Globally, it is estimated that approximately 4 in every 
100,000 children are diagnosed with ALL each year1,2. 
Treatment regimens rely on multi-agent chemotherapy 
protocols, which remain fundamental to achieving and 
sustaining remission3,4. Among these agents, L-Aspara-
ginase (L-Asp) is a cornerstone of antineoplastic ther-
apy and has been utilized in clinical oncology for over 
three decades5,6. Although several enzymes possess 
therapeutic potential, only a limited number have been 
incorporated into oncologic treatment strategies, with 
L-Asp being among the most clinically significant7,8. 
The enzymatic activity of L-Asp was first described by 
Lang et al.9 in 1904. Subsequently, in 1922, Clementi 

et al.10 identified L-Asp in guinea pig serum, marking a 
key milestone in its characterization. In 1953, Kidd et 
al.11observed that guinea pig serum exerted tumor-in-
hibitory effects in murine models, a finding that con-
firmed the enzyme’s antitumor properties. During the 
1970s, the first clinical trials employing L-Asp derived 
from Escherichia coli were conducted in pediatric pa-
tients with ALL, yielding favorable therapeutic out-
comes12.

Despite its essential role in the treatment of ALL, the 
use of L-Asp remains controversial due to its potential 
for significant toxicity13-15. The mechanism of action of 
L-Asp involves the hydrolysis of circulating asparagine 
(Asp), depriving leukemic cells of this critical amino 
acid and thereby inducing apoptosis. However, the im-
pact of this depletion on normal cells and the precise 
mechanisms underlying its adverse effects remain ar-
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L-asparaginasaren terapiaren optimizazioa haurren leuzemia linfoblastiko 
akutuan: farmakokinetikaren, farmakodinamikaren eta biomarkatzaile gene-
tikoen eraginari buruzko berrikuspena

Laburpena:  

Aurrekariak: Azken hamarkadetan, leuzemia linfoblastiko akutuaren (LLA) trata-
mendu-estrategiek nabarmen egin dute hobera, bereziki pediatriako populazioan. 
L-asparaginasa (L-Asp) LLAren tratamenduaren oinarrizko osagaia da oraindik ere, 
zirkulazioko asparagina agortzeko eta, horren bidez, zelula leuzemikoen ugalketa 
inhibitzeko duen gaitasunagatik. Hala ere, erantzunaren banakako aldakortasunak 
eta hipersentikortasuna eta pankreatitisa bezalako kontrako gertakariek haren erag-
inkortasuna mugatzen dute.

Helburua: Berrikuspen honen helburua farmakokinetikak, farmakodinamikak eta 
biomarkatzaile genetikoek pediatriako LLAren L-Asp bidezko terapiaren optimizazio-
an duten eragina aztertzea da, tratamendu pertsonalizaturako estrategiak azpimar-
ratuz.

Metodoak: Literaturaren berrikuspen sistematikoa egin zen PRISMA gidalerroei jar-
raituz. Sei datu-base arakatu ziren L-Asparekin, farmakogenetikarekin, farmakoki-
netikarekin eta tratamenduarekiko erantzunarekin lotutako aurrez zehaztutako ga-
ko-hitzak erabiliz. Hautagarritasun-irizpideak aplikatu eta bikoiztutako erregistroak 
ezabatu ondoren, 95 artikulu hautatu ziren.

Emaitzak: Egungo ebidentziak polimorfismo genetikoen zeregina nabarmentzen du, 
bereziki immunitate-erantzunarekin eta farmakoen metabolismoarekin lotutakoena, 
L-Asparen eraginkortasuna eta toxikotasuna modulatzean. Farmakoen monitorizazio 
terapeutikoan eta datu farmakogenomikoetan oinarritutako dosifikazio indibidual-
izatuko algoritmoetan egindako aurrerapenek pazienteen emaitzak hobetu dituzte. 
Erresistentzia-mekanismoak eta eredu prediktiboak aktiboki ikertzen ari dira.

Ondorioa: Monitorizazio farmakokinetikoa profil farmakogenomikoarekin inte-
gratzea ikuspegi itxaropentsua da L-Asp bidezko terapiaren segurtasuna eta erag-
inkortasuna hobetzeko. Estrategia horiek funtsezko urratsak dira pediatriako LLAren 
kudeaketan doitasunezko medikuntzarantz aurrera egiteko.
© 2026 Academia de Ciencias Médicas de Bilbao. Eskubide guztiak gordeta.
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eas of active investigation16. In pediatric patients, L-Asp 
associated toxicities appear to be modulated by individ-
ual factors, including immunophenotype, chromosomal 
abnormalities, single nucleotide variants (SNVs), age, 
sex, nutritional status, and the formation of anti-L-Asp 
antibodies17. These variables can significantly influence 
the pharmacokinetics (PK) of L-Asp, thereby affecting 
both its therapeutic efficacy and the likelihood of ad-
verse events18. For instance, Panosyan et al.19 (2004) re-
ported that patients exhibiting clinical hypersensitivity 
to L-Asp demonstrated accelerated drug clearance com-
pared to those without hypersensitivity, likely due to 
the presence of neutralizing anti-L-Asp antibodies. This 
immune-mediated inactivation results in a rapid reduc-
tion of plasma drug levels, compromising therapeutic 
efficacy19. Premature inactivation of L-Asp may lead to 
subtherapeutic exposure, which has been associated 
with an increased risk of relapse in pediatric ALL20.

A clinically significant but often underrecognized 
phenomenon is “silent inactivation,” a form of phar-
macologic resistance in which patients do not exhibit 
overt hypersensitivity symptoms but develop neutral-
izing antibodies that attenuate L-Asp enzymatic activ-
ity without provoking an immediate clinical reaction. 
This condition may elude standard clinical monitoring, 
leading to inadequate drug levels and an elevated risk 
of treatment failure21. Studies have reported that up to 
30% of patients receiving L-Asp may experience silent 
inactivation, underscoring the critical role of therapeu-
tic drug monitoring (TDM) for the early detection of 
silent inactivation and optimization of treatment effi-
cacy22,23. As L-Asp is an exogenous protein, its adminis-
tration can trigger immunogenic responses, frequently 
resulting in antibody formation and hypersensitivity 
reactions24. The incidence of hypersensitivity to Esch-
erichia coli-derived L-Asp formulations is estimated to 
range from 30% to 70%25. In this context, research such 
as that by Mei et al.26 has identified genetic biomarkers 
including the GRIA1 gene and the HLA-DRB1*07:01 al-
lele as being associated with an increased risk of L-Asp 
hypersensitivity, highlighting their potential utility in 
the prediction of adverse immune responses. In addi-
tion to hypersensitivity, L-Asp has been implicated in a 
spectrum of other adverse events, including angioede-
ma, coagulation abnormalities, hypoalbuminemia, ana-
phylaxis, pancreatitis, hyperglycemia, hyperlipidemia, 
and urticaria27-29. Among these, L-Asp induced pancre-
atitis represents one of the most serious complications, 
with reported incidence rates ranging from 2% to 18% 
of treated patients. Although the precise pathogenic 
mechanism remains incompletely elucidated, it has 
been hypothesized that Asp depletion in pancreatic ac-
inar cells may lead to cellular injury and inflammatory 
processes30. This review aims to provide an updated 
synthesis of the current evidence regarding the impact 
of PK, pharmacodynamics (PD), and genetic biomarkers 
on the clinical administration of L-Asp in the treatment 
of ALL. Furthermore, it examines the associated toxici-
ties and highlights opportunities to optimize its clinical 

use. The identification of patient specific factors influ-
encing the response to L-Asp may facilitate the devel-
opment of precision therapeutic strategies, thereby re-
ducing adverse events and improving clinical outcomes 
in pediatric ALL.

Materials and Methods
A review of the literature was conducted. The search 
was performed across six databases: Redalyc, SciELO, 
ScienceDirect, PubMed, BVS Medline, and SCOPUS. The 
objective was to describe advances in the clinical use of 
L-Asp, its adverse effects, and opportunities for treat-
ment optimization in acute lymphoblastic leukemia 
(ALL). A total of 607 records related to various aspects 
of L-Asp were initially retrieved. After applying inclu-
sion and exclusion criteria based on relevance, recency, 
and quality of evidence, 95 articles were selected and 
included in the final synthesis.

Mechanism of Action of L-Asparaginase
L-Asp is a hydrolytic enzyme that catalyzes the conver-
sion of Asp into aspartic acid and ammonia31-32. Both 
normal and leukemic cells are highly dependent on ex-
tracellular Asp due to low or absent expression of aspar-
agine synthetase (ASNS), whereas most normal cells re-
tain the ability to synthesize Asp endogenously33-36. The 
depletion of circulating Asp by L-Asp disrupts essential 
metabolic processes in leukemic cells, leading to inhibi-
tion of protein synthesis, cell cycle arrest, and induction 
of apoptosis. These effects represent the fundamental 
biological basis of the antileukemic activity of L-Asp and 
occur independently of drug formulation, dose, or ex-
posure duration. Tissues with limited ASNS expression, 
such as the liver, pancreas, and central nervous system, 
may also be affected by Asp depletion, contributing to 
the toxicity profile associated with L-Asp therapy37,38.

Moreover, the therapeutic efficacy of L-Asp can be 
compromised by several mechanisms of acquired resis-
tance, including:

• Upregulation of ASNS expression, allowing leukemic 
cells to synthesize Asp efficacy90. Regular monitor-
ing allows for dosage adjustments tailored to the pa-
tient’s individual response.

In patients with accelerated L-Asp clearance or silent 
inactivation, TDM facilitates early identification of ther-
apeutic failure and supports corrective actions such as 
switching formulations or modifying dosing frequen-
cy91.

Importantly, in cases of confirmed silent inactiva-
tion, dose escalation or continuation of the same for-
mulation is generally ineffective because neutralizing 
antibodies rapidly eliminate enzymatic activity. In these 
patients, switching to an alternative asparaginase for-
mulation represents the only clinically effective strat-
egy to preserve therapeutic efficacy and maintain the 
survival benefit associated with sustained asparagine 
depletion. Nevertheless, a subset of patients may also 
develop hypersensitivity or recurrent silent inactiva-
tion after switching to Erwinia-derived formulations. 
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Table 1. Pharmacokinetic and pharmacodynamic characteristics of L-asparaginase formulations

Parameter
E. coli derived L-

Asparaginase
Erwinia chrysanthemi

Pegylated L-

Asparaginase (PEG-L-

Asp)

Source organism Escherichia coli Erwinia chrysanthemi Escherichia coli (PEG-

conjugated)

Route of administration IV / IM IV / IM IV / IM

Typical dosing 

frequency

Every 2-3 days Every 2 days Every 2-3 weeks

Elimination half-life (t½) ~1.2-1.5 days ~0.5-1 day ~5-7 days

Systemic clearance Moderate High Low

Interindividual PK 

variability

High (antibody-

mediated)

High Moderate

Volume of distribution Low (intravascular) Low (intravascular) Low (intravascular)

Immunogenicity risk Moderate Low-moderate Low

Anti-asparaginase 

antibody formation

Possible Less frequent Least frequent

Ability to maintain 

therapeutic activity 

(≥0.1 IU/mL)

Variable Short-lived Sustained

Time above PD activity 

threshold (≥ 0.1 IU/mL)

Short to moderate Very short Prolonged

Need for therapeutic 

drug monitoring (TDM)

Recommended Recommended Recommended

Main clinical indication First-line therapy Hypersensitivity to E. 

coli

First-line / long-acting 

option

Note: E. coli asparaginase is no longer manufactured in Europe, and Erwinia asparaginase will  soon be  

withdrawn from the Canadian market and from the European market starting in the summer of 2026.

Table 2.- Guidelines for the Identification and Management of L-Asp Hypersensitivity.

Hypersensitivity Grade Clinical Manifestations
Management 

Recommendation
Additional Notes

Suspected, 

Unconfirmed

No clear clinical 

symptoms, but silent 

inactivation is 

suspected.

Measure real-time L-Asp 

enzymatic activity to 

rule out silent 

inactivation.

Clinical monitoring for 

at least one hour post-

administration is 

recommended.

Grade 1 (Mild) Mild rash, localized 

pruritus, no systemic 

involvement.

Continue with the same 

formulation but monitor 

enzymatic activity to 

detect potential silent 

inactivation.

Premedication with 

antihistamines or 

corticosteroids may 

reduce reaction severity 

but does not prevent 

neutralizing antibodies.

Grade 2 (Moderate) Generalized urticaria, 

fever, mild 

bronchospasm, no 

hemodynamic 

compromise.

Immediate switch to an 

alternative L-Asp 

formulation (e.g., from 

E. coli to Erwinia or PEG-

Asparaginase).

. Measure L-Asp activity 

if silent inactivation is 

suspected.

Grade 3 (Severe) Anaphylactic shock, 

severe angioedema, 

respiratory and 

cardiovascular 

compromise.

Permanently 

discontinue the current 

formulation. If feasible, 

switch to an alternative. 

Emergency 

management required.

Immediate epinephrine 

administration is critical. 

Reintroduction of L-Asp 

is not recommended.

Post-Intramuscular 

Hypersensitivity

Hypersensitivity 

symptoms following IM 

administration.

Measure enzymatic 

activity before 

considering a 

formulation switch.

If enzyme activity <0.1 

IU/mL, repeat on day 14 

and adjust therapy 

accordingly.
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In these cases, persistently low or undetectable enzy-
matic activity may justify permanent discontinuation of 
asparaginase therapy, particularly when no additional 
alternative formulations are available. These situations 
require individualized clinical evaluation considering 
leukemia risk stratification, therapeutic response, and 
cumulative treatment exposure.A study conducted 
at the Children’s Hospital Zagreb by Krleza J et al.92 in 
2024 assessed L-Asp enzymatic activity in 57 children 
with hematologic malignancies.

The study concluded that TDM is a key component 
in the management of pediatric ALL, as it allows for ear-
ly detection of silent inactivation, prevention of treat-
ment failure, and dose adjustment tailored to individ-
ual needs. Similarly, García M et al.93 emphasized that 
systematic implementation of TDM in clinical practice 
improves the identification of patients with suboptimal 
enzymatic activity, thereby optimizing therapeutic re-
sponse and minimizing toxicity associated with elevat-
ed L-Asp levels. Therapeutic thresholds below 0.1 IU/
mL have consistently been associated with inadequate 
asparagine depletion and increased risk of treatment 
failure. The available evidence supports the integration 
of TDM with personalized clinical algorithms as a po-
tentially effective strategy to enhance treatment safety 
and efficacy, particularly in patients with interindividu-
al variability in drug clearance.

Personalized Dosing Models Based on Pharmacog-
enomics
Pharmacogenomics-based personalized dosing models 
represent an innovative strategy for optimizing L-Asp 
therapy. Polymorphisms in genes such as GRIA1, HLA-
DRB107:01*, CPA2, MYBBP1A, SPEF2, PRSS1, and IL16 
have been identified as modulators of PK/PD, and sus-

ceptibility to adverse effects such as hypersensitivity 
and pancreatitis25,94. A study published by Wolthers 
B et al.94 identified two genetic variants, rs13228878 
and rs10273639, associated with increased expression 
of the PRSS1 gene, which encodes trypsinogen. This 
overexpression is linked to a heightened risk of L-Asp 
induced pancreatitis. These findings underscore the 
importance of pharmacogenomically-guided therapy 
individualization, which may improve treatment toler-
ability without compromising antileukemic efficacy. Al-
though variants in genes such as HLA-DRB1 and GRIA1 
have demonstrated significant associations with hy-
persensitivity reactions and treatment-related toxicity, 
their clinical implementation remains limited. Current-
ly, no CPIC (Clinical Pharmacogenetics Implementation 
Consortium) or internationally accepted pharmacog-
enomic guidelines recommend L-asparaginase dose 
modifications based exclusively on these genetic vari-
ants. Therefore, these biomarkers should presently be 
considered promising predictive tools rather than vali-
dated determinants for routine therapeutic adjustment 
in pediatric ALL.

Importance of Enzymatic Monitoring in Latin 
American Populations
Cecconello et al. (2020)28 conducted a study involving 
Brazilian patients with ALL, in which 262 serum sam-
ples were analyzed at 24 and 48 hours post–L-Asp in-
fusion. A significant number of patients exhibited L-Asp 
enzymatic activity levels below 0.1 IU/mL, a threshold 
associated with increased risk of therapeutic failure. 
These results emphasize the need to implement L-Asp 
enzymatic monitoring protocols in populations with 
unique genetic and PK profiles, particularly in regions 
such as Latin America, where dosing individualization 

Figure 1. Mechanisms of acquired resistance to L-Asp.
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Table 3.- Clinical Recommendations for Monitoring L-Asparaginase Activity According to Formulation

Asparaginase 

Formulation

Recommended 

Monitoring Time

Therapeutic Cut-

off Value

Clinical 

Interpretation

Recommended 

Action

Native E. coli L-

Asparaginase

After first 

administration and 

after 

reintroduction

≥0.1 IU/mL Adequate 

enzymatic activity

Continue same 

regimen

Native E. coli L-

Asparaginase

Any monitoring 

point

<0.1 IU/mL Possible silent 

inactivation or 

rapid clearance

Repeat testing and 

consider switching 

formulation

PEG-Asparaginase Day 7 ±1 post-

administration

≥0.1 IU/mL Adequate 

sustained 

exposure

Continue 

treatment

PEG-Asparaginase Day 7 ±1 post-

administration

<0.1 IU/mL Possible silent 

inactivation

Repeat activity on 

Day 14

PEG-Asparaginase Day 14 ±1 post-

administration

<0.1 IU/mL Confirmed 

inadequate 

enzymatic activity

Switch to 

alternative 

formulation

Erwinia 

chrysanthemi-

derived L-

Asparaginase

48 hours after 

administration

≥0.1 IU/mL Adequate activity 

despite short half-

life

Continue regimen

Erwinia 

chrysanthemi-

derived L-

Asparaginase

48–72 hours after 

administration

<0.1 IU/mL Insufficient 

therapeutic 

exposure

Increase dosing 

frequency or 

reassess treatment

Suspected Silent 

Inactivation

Real-time 

assessment in 

absence of clinical 

allergy

Undetectable or 

subtherapeutic 

activity

Antibody-

mediated 

inactivation

Immediate switch 

to alternative 

formulation

Persistent Low 

Activity After 

Formulation 

Switch

After repeated 

monitoring

Persistently <0.1 

IU/mL

Refractory 

inactivation

Consider 

permanent 

discontinuation

Note: To consider inactivation, asparaginase activity levels must be below 0.1 IU/mL in two determinations  

obtained at different time points.

Figure 2. Therapeutic Monitoring Process of L-Asp in Patients with ALL.
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is often lacking and may negatively impact treatment 
efficacy. These findings reinforce the importance of 
formulation-specific monitoring schedules and clearly 
defined enzymatic activity thresholds in pediatric ALL. 
A recent study by our research group demonstrated 
that complete Asp depletion (<0.1 μM) within the first 
24 hours post–L-Asp infusion may serve as a predictive 
marker for the development of pancreatitis in patients 
undergoing treatment for ALL18,95. This finding suggests 
that early, intensive depletion of Asp could be mecha-
nistically linked to the onset of pancreatic inflammation 
and may be useful in identifying patients at increased 
risk for this serious adverse event.

Conclusion
L-Asp remains a fundamental component of contem-
porary treatment protocols for pediatric acute lym-
phoblastic leukemia (ALL), where sustained enzymatic 
activity is critical to achieving optimal antileukemic ef-
ficacy. Although its use is associated with clinically rel-
evant toxicities, the available evidence clearly demon-
strates that treatment outcomes in children are strongly 
influenced by interindividual variability in PK/PD, im-
mune response, and genetic background.

In pediatric populations, factors such as age-depen-
dent physiology, immune maturation, formulation-spe-
cific PK, and genetic susceptibility play a decisive role 
in determining both therapeutic response and toxicity 
risk. The high prevalence of hypersensitivity reactions, 
silent inactivation, and pancreatitis in children high-
lights the limitations of fixed-dose approaches and un-
derscores the need for individualized treatment strate-
gies tailored to pediatric patients.

This review emphasizes that the integration of ther-
apeutic drug monitoring (TDM) with pharmacogenomic 
and clinical biomarkers represents a practical and clini-
cally relevant strategy to optimize L-Asp therapy in chil-
dren with ALL. Monitoring enzymatic activity enables 
early detection of subtherapeutic exposure and silent 
inactivation, supports timely formulation switching, 
and helps prevent unnecessary treatment discontinua-
tion factors that are directly associated with improved 
event-free survival in pediatric cohorts.

Importantly, emerging evidence from pediatric stud-
ies, including data from Latin American populations, 
suggests that biomarker-informed dosing and formu-
lation-specific monitoring strategies may reduce treat-
ment-related toxicity while preserving antileukemic 
efficacy. These approaches are particularly relevant in 
pediatric oncology, where treatment interruptions or 
dose reductions may have long-term consequences on 
disease control.

In conclusion, the adoption of personalized L-Asp 
therapy combining PK, PD, pharmacogenomics, and 
real-time enzymatic monitoring represents a critical 
step toward precision medicine in pediatric ALL. Future 
multicenter pediatric studies and the implementation 
of standardized monitoring algorithms will be essential 
to translate these advances into routine clinical prac-

tice and to further improve outcomes in this vulnera-
ble population. From a pediatric oncology perspective, 
maintaining adequate enzymatic activity throughout 
treatment may be more clinically relevant than main-
taining a fixed dose intensity. Therefore, future thera-
peutic strategies should prioritize real-time enzymatic 
monitoring, early detection of silent inactivation, and 
formulation-specific management algorithms to ensure 
sustained therapeutic exposure and maximize survival 
outcomes in children with ALL.

Opinion
Advances in optimizing L-Asp therapy for pediatric ALL 
hold great potential to improve real-world clinical out-
comes. The integration of PK/PD models, coupled with 
pharmacogenomic insights, offers the opportunity to 
personalize treatment strategies, improving both drug 
efficacy and safety. By tailoring L-Asp administration 
to each patient's individual metabolic profile, clinicians 
may be able to mitigate adverse events such as hyper-
sensitivity reactions and pancreatitis, which frequent-
ly complicate therapy. Furthermore, optimizing dosing 
strategies can improve drug utilization efficiency and 
reduce treatment-associated costs by minimizing hos-
pitalizations due to toxicity and therapy interruptions. 
Despite these potential benefits, implementing person-
alized L-Asp therapy into standard clinical practice fac-
es several barriers, including the need for robust clinical 
validation, the availability of routine pharmacogenomic 
testing, and the integration of TDM into existing health-
care systems. Overcoming these challenges in the future 
will require coordinated research efforts, adaptation of 
government policies, and resource allocation.

One of the key aspects requiring improvement is the 
standardization and accessibility of pharmacogenomic 
testing. Although several genetic biomarkers associated 
with L-Asp metabolism and immunogenicity have been 
identified, their clinical application remains limited due 
to variability in study results, the high costs of genetic 
screening, and the lack of universally accepted guide-
lines. To address these limitations, large-scale multi-
center studies are needed to validate the predictive 
value of these biomarkers and establish standardized 
protocols for their clinical use. Another crucial challenge 
lies in the development of real-time TDM methodolo-
gies that are cost-effective and easily implementable in 
routine clinical practice. Current methods for measur-
ing L-Asp activity and monitoring drug levels are often 
laborious and not widely available, limiting their adop-
tion in most hospital settings. Addressing these dispar-
ities through policy initiatives and global collaborations 
will be essential to ensuring that all patients, regardless 
of geographic location or economic status, benefit from 
advances in personalized leukemia treatment.

Author Contributions
Gándara-Mireles, Loera Castañeda, and Lares-Asseff 
conceived the study and supervised all aspects of its 
execution. Reyes Espinoza and Córdova Hurtado draft-

Gándara-Mireles Jesús-Alonso, Loera-Castañeda Verónica, et al. 98



ed the initial version of the manuscript. Mora Muñoz, 
Payan Gandara, Patrón-Romero, and Almanza-Reyes 
translated the manuscript into English. All authors con-
tributed ideas, interpreted the findings, and reviewed 
manuscript drafts. All  authors approved the final ver-
sion. Gándara-Mireles is the guarantor and correspond-
ing author of the article.

Funding
This work was conducted with support from the Secre-
taría de Ciencia, Humanidades, Tecnología e Innovación 
de México (SECIHTI), under the 2022(3) Postdoctoral 
Fellowships in Mexico Program (Renewal).

Conflicts of Interest
The authors declare that there are no conflicts of inter-
est related to this work.

References
1.	 Temple WC, Mueller S, Hermiston ML, et al. Diagnosis 

andmanagement of lymphoblastic lymphoma in 
children, adolescents and young adults.Best. Pract. 
Res. Clin. Haematol. 2023;36 (1), 101449. doi: 
10.1016/j.beha.2023.101449.

2.	 Burkhardt B, and Hermiston ML. Lymphoblastic 
lymphoma in childrenand adolescents: review of 
current challenges and future opportunities. Br. J. 
Haematol. 2019;185 (6), 1158–1170. doi: 10.1111/
bjh.15793.

3.	 Cooper SL, Brown PA. Treatment of pediatric acute 
lymphoblastic leukemia.  Pediatr Clin North Am. 
2015;62(1):61-73. doi:10.1016/j.pcl.2014.09.006.

4.	 Hayashi H, Makimoto A, Yuza Y. Treatment of Pediatric 
Acute Lymphoblastic Leukemia: A Historical 
Perspective.  Cancers (Basel). 2024;16(4):723. 
doi:10.3390/cancers16040723.

5.	 Kumar K, Kaur J, Walia S, et al. L-asparaginase: 
aneffective agent in the treatment of acute 
lymphoblastic leukemia. Leuk Lymphoma. 2024; 55(2), 
256–262. doi: 10.3109/10428194.2013.803224.

6.	 Juluri KR, Siu C, Cassaday RD. Asparaginase in the 
Treatment of Acute Lymphoblastic Leukemia in 
Adults: Current Evidence and Place in Therapy. Blood 
Lymphat Cancer. 2022;12:55-79.  doi:10.2147/
BLCTT.S342052.

7.	 Pokrovskaya MV, Pokrovsky VS, Aleksandrova 
SS, et al. Molecular Analysis of L-Asparaginases 
for Clarification of the Mechanism of Action 
and Optimization of Pharmacological 
Functions.  Pharmaceutics. 2022;14(3):599. doi: 
10.3390/pharmaceutics14030599. 

8.	 Andrade AF, Borges KS, Silveira VS. Update on the 
Use of l-Asparaginase in Infants and Adolescent 
Patients with Acute Lymphoblastic Leukemia.  Clin 
Med Insights Oncol. 2014;8:95-100. doi:10.4137/
CMO.S10242

9.	 Lang S, Uber. Desamidierung im Tierkorper. Beitraege 
zur Chemischen Physiologie und Pathologie 1904; 
190: 5321-345.

10.	 Clementi A. La desemidation enzymatique de 
L-asparagina-se chez les differentes especes animales 
et la significationphysiologique de sa presence dans 
l organiasma. Arch IntPhysiol 1922;19: 369-376 

11.	 Kidd JG. Regression of transplanted lymphomas 
induced in vivo by means of normal guinea pig 
serum. I. Course of transplanted cancers of various 
kinds in mice and rats given guinea pig serum, horse 
serum, or rabbit serum. J Exp Med. 1953;98(6):565-
82. doi: 10.1084/jem.98.6.565. 

12.	 Oettgen HF, Stephenson PA, Schwartz MK, 
et al. Toxicity of E. coli L-as-paraginase in 
man. Cancer. 1970; 25 (2): 253-278.doi: 
10.1002/1097-0142(197002)25:2<253::aid-
cncr2820250204>3.0.co;2-u 

13.	 Hijiya N, van der Sluis IM. Asparaginase-associated 
toxicity in children with acute lymphoblastic 
leukemia. Leuk Lymphoma. 2016;57(4):748-757. doi
:10.3109/10428194.2015.1101098.

14.	 Burke MJ, Zalewska-Szewczyk B. Hypersensitivity 
reactions to asparaginase therapy in acute 
lymphoblastic leukemia: immunology and clinical 
consequences.  Future Oncol. 2022;18(10):1285-
1299. doi:10.2217/fon-2021-1288.

15.	 Sandley M, Angus J. Asparaginase therapy in patients 
with acute lymphoblastic leukemia: expert opinion 
on use and toxicity management.  Leuk Lymphoma. 
2023;64(4):776-787. doi:10.1080/10428194.2023.
2171267.

16.	 Jiang J, Batra S, Zhang J. Asparagine: A Metabolite to 
Be Targeted in Cancers. Metabolites. 2021;11(6):402. 
doi:10.3390/metabo11060402

17.	 Ramya LN, Doble M, Rekha VP, et al. L-Asparaginase 
aspotent anti-leukemic agent and its significance of 
having reduced glutaminase sideactivity for better 
treatment of acute lymphoblastic leukaemia. Appl. 
Biochem Biotechnol. 2012;167 (8), 2144–2159. doi: 
10.1007/s12010-012-9755-z

18.	 Gándara-Mireles JA, Lares-Asseff I, Espinoza 
EAR, et al. Population pharmacokinetics and 
pharmacodynamics of L-asparaginase and its 
impact on the development of pancreatitis and 
hypersensitivity reactions in children with leukemia 
under treatment. Drug Chem Toxicol. 2024:16 1-15 
doi:10.1080/01480545.2024.2415343

19.	 Panosyan EH, Seibel NL, Martin-Aragon S, et al. 
Asparaginase antibody and asparaginase activity 
in children with higher-risk acute lymphoblastic 
leukemia: Children's Cancer Group Study CCG-1961. 
J Pediatr Hematol Oncol. 2004;26(4):217-26. doi: 
10.1097/00043426-200404000-00002.

20.	 Cui J, Jiang L, Xu B, et al. L-asparaginase activity 
and anti-L-asparaginase antibody as biomarkers 
in estimating PEG-asp-related anaphylaxis risk 
in childhood acute lymphoblastic leukemia 
patients. Allergol Immunopathol. 2023;51(3):28-35. 
doi:10.15586/aei.v51i3.771

21.	 Shimonodan H, Sakaguchi K, Ishihara T, et al. Silent 
inactivation of asparaginase in Japan: results of 

99Optimization of L-Asparaginase Therapy in Pediatric Acute Lymphoblastic Leukemia (…)



the prospective ALL-ASP19 trial.  Int J Hematol. 
2024;120(6):725-734. doi:10.1007/s12185-024-
03856-3

22.	 Douer D, Gökbuget N, Stock W, et al. Optimizing 
use of L-asparaginase-based treatment of adults 
with acute lymphoblastic leukemia. Blood Rev. 
2022;53:100908. doi: 10.1016/j.blre.2021.100908.

23.	 Tong WH, Pieters R, Kaspers GJ, et al. A prospective 
study on drug monitoring of PEGasparaginase and 
Erwinia asparaginase and asparaginase antibodies 
in pediatric acute lymphoblastic leukemia.  Blood. 
2014;123(13):2026-2033. doi:10.1182/
blood-2013-10-534347

24.	 Schein PS, Rakieten N, Gordon BM, et al. The toxicity 
of Escherichia coli L-asparaginase.  Cancer Res. 
1969;29(2):426-434.

25.	 van der Sluis IM, Vrooman LM, Pieters R, et 
al. Consensus expert recommendations for 
identification and management of asparaginase 
hyper-sensitivity and silent inactivation. 
Haematologica. 2016; 101(3): 279-85. doi: 10.3324/
haematol.2015.137380.

26.	 Mei L, Ontiveros EP, Griffiths EA, Thompson JE, 
Wang ES,Wetzler M. Pharmacogenetics predictive 
of response andtoxicity in acute lymphoblastic 
leukemia therapy. BloodRev 2015; 29 (4): 243-249. 
doi: 10.1016/j.blre.2015.01.001.

27.	 Wu J, Chen C, Huang S, et al. Correlation of L-asp Activity, 
Anti-L-asp Antibody, Asn and Gln With Adverse Events 
Especially Anaphylaxis Risks in PEG-asp-Contained 
Regime Treated Pediatric ALL Patients.  Technol 
Cancer Res Treat. 2020;19:1533033820980113. 
doi:10.1177/1533033820980113.

28.	 Cecconello DK, Magalhães MR, Werlang 
ICR, et al. Asparaginase: an old drug with 
new questions.  Hematol Transfus Cell 
Ther. 2020;42(3):275-282. doi:10.1016/j.
htct.2019.07.010 (dicscusion)

29.	 M'harzi S, Elouali A, Lahrache K, et al. Acute 
pancreatitis following L-asparaginase in acute 
lymphoblastic leukemia [published correction 
appears in Leuk Res Rep. 2023 Jun 27;20:100375. 
doi: 10.1016/j.lrr.2023.100375.

30.	 Bhatia M. Inflammatory response on the pancreatic 
acinar cell injury. Scand J Surg. 2005;94(2):97-102. 
doi:10.1177/145749690509400203

31.	 Lubkowski J, Vanegas J, Chan WK, et al. Mechanism 
of Catalysis by l-Asparaginase. Biochemistry. 
2020;59(20):1927-1945. doi: 10.1021/acs.
biochem.0c00116.

32.	 Nomme J, Su Y, Konrad M, et al. Structures of apo and 
product-bound human L-asparaginase: insights into 
the mechanism of autoproteolysis and substrate 
hydrolysis. Biochem. 2012;51(34):6816-6826. doi: 
10.1021/bi300870g. 

33.	 Lubkowski J, Wlodawer A. Structural and 
biochemical properties of L-asparaginase. FEBS 
J. 2021;288(14):4183-4209. doi: 10.1111/
febs.16042.

34.	 Zhou R, Liang T, Li T, et al. Possible mechanism 
of metabolic and drug resistance with 
L-asparaginase therapy in childhood leukaemia. 
Front Oncol. 2023;13:1070069. doi: 10.3389/
fonc.2023.1070069.

35.	 Maese L, Rau RE. Current Use of Asparaginase in 
Acute Lymphoblastic Leukemia/Lymphoblastic 
Lymphoma. Front Pediatr. 2022;10:902117. doi: 
10.3389/fped.2022.902117.

36.	 Pagliardi GL, Gabutti V, Gavosto F. Mechanism of 
action of L-asparaginase on the cell cycle and growth 
in acute lymphoblastic leukemia. Acta Haematol. 
1973;50(5):257-268. doi: 10.1159/000208358. 

37.	 Egler RA, Ahuja SP, Matloub Y. L-asparaginase in 
the treatment of patients with acute lymphoblastic 
leukemia. J Pharmacol Pharmacother. 2016;7(2):62-
71. doi: 10.4103/0976-500X.184769.

38.	 Sugimoto K, Suzuki HI, Fujimura T, et al. A 
clinically attainable dose of L-asparaginase targets 
glutamine addiction in lymphoid cell lines. Cancer 
Sci. 2015;106(11):1534-1543. doi: 10.1111/
cas.12807. 

39.	 Aslanian AM, Fletcher BS, Kilberg MS. Asparagine 
synthetase expression alone is sufficient to induce 
l-asparaginase resistance in MOLT-4 human 
leukaemia cells.  Biochem J. 2001;357(Pt 1):321-
328. doi:10.1042/0264-6021:3570321

40.	 Hak LJ, Relling MV, Cheng C, et al. Asparaginase 
pharmacodynamics differ by formulation among 
children with newly diagnosed acute lymphoblastic 
leukemia.  Leukemia. 2004;18(6):1072-1077. 
doi:10.1038/sj.leu.2403351

41.	 Shire Pharmaceuticals. Oncaspar (pegaspargase): 
US prescribing information. 2019. http://www.fda.
gov. Accessed 9 Apr 2025.

42.	 Sengupta S, Biswas M, Gandhi KA, et al. Preclinical 
evaluation of engineered L-asparaginase variants 
to improve the treatment of Acute Lymphoblastic 
Leukemia.  Transl Oncol. 2024;43:101909. 
doi:10.1016/j.tranon.2024.101909

43.	 Nguyen HA, Su Y, Zhang JY, et al. A Novel 
l-Asparaginase with low l-Glutaminase Coactivity Is 
Highly Efficacious against Both T- and B-cell Acute 
Lymphoblastic Leukemias  In Vivo.  Cancer Res. 
2018;78(6):1549-1560. doi:10.1158/0008-5472.
CAN-17-2106

44.	 Modi T, Gervais D. Improved pharmacokinetic and 
pharmacodynamic profile of a novel PEGylated 
native Erwinia chrysanthemi L-Asparaginase. Invest 
New Drugs. 2022;40(1):21-29. doi:10.1007/
s10637-021-01173-8

45.	 Ahlke E, Nowak-Göttl U, Schulze-Westhoff P, et al. Dose 
reduction of asparaginase under pharmacokinetic 
and pharmacodynamic control during induction 
therapy in children with acute lymphoblastic 
leukaemia.  Br J Haematol. 1997;96(4):675-681. 
doi:10.1046/j.1365-2141.1997.d01-2089.x

46.	 Gándara-Mireles JA, Lares-Asseff I, Reyes Espinoza 
EA, et al. Impact of single-nucleotide variants and 

Gándara-Mireles Jesús-Alonso, Loera-Castañeda Verónica, et al. 100



individual characteristics on adverse events of 
L-asparaginase in children with acute lymphoblastic 
leukemia.  Front Pharmacol. 2024;15:1423049. 
doi:10.3389/fphar.2024.1423049

47.	 Stader F, Marzolini C. Sex-related pharmacokinetic 
differences with aging.  Eur Geriatr Med. 
2022;13(3):559-565. doi:10.1007/s41999-021-
00587-0

48.	 Wang N, Ji W, Wang L, et al. Overview of the structure, 
side effects, and activity assays of l-asparaginase 
as a therapy drug of acute lymphoblastic 
leukemia.  RSC Med Chem. 2022;13(2):117-128. 
doi:10.1039/d1md00344e

49.	 Raetz EA, Salzer WL. Tolerability and efficacy of 
L-asparaginase therapy in pediatric patients with 
acute lymphoblastic leukemia.  J Pediatr Hematol 
Oncol. 2010;32(7):554-563. doi:10.1097/
MPH.0b013e3181e6f003

50.	 Lavine RL, Brodsky I, Garofano CD, et al. The 
effect of E. coli L-asparaginase on oral glucose 
tolerance and insulin release in man. Diabetologia. 
1978;15:113–116. doi: 10.1007/BF00422255.

51.	 Dolowy WC, Henson D, Cornet J, et al. Toxic 
and antineoplastic effects of l-asparaginase: 
study of mice with lymphoma and normal 
monkeys and report on a child with 
leukemia. Cancer. 1966;19:1813–1819. doi: 
10.1002/1097-0142(196612)19:12<1813::aid-
cncr2820191208>3.0.co;2-e. 

52.	 Cortijo-Cascajares S, Jiménez-Cerezo MJ, 
Herreros de Tejada A. Review of hypersensitivity 
reactions to antineoplastic agents. Farm Hosp. 
2012.;36(3):148-58. English, Spanish. doi: 
10.1016/j.farma.2011.02.004.

53.	 Fernandez CA, Stewart E, Panetta JC, et al. Successful 
challenges using native E. coli asparaginase after 
hypersensitivity reactions to PEGylated E. coli 
asparaginase. Cancer Chemother Pharmacol. 
2014;73(6):1307-1313. doi: 10.1007/s00280-
014-2464-2.

54.	 Haskell CM, Canellos GP, Leventhal BG, et al. 
L-asparaginase: therapeutic and toxic effects 
in patients with neoplastic disease.  N Engl J 
Med 1969;281(19):1028-1034. doi: 10.1056/
NEJM196911062811902.

55.	 National Cancer Institute (NCI). Common 
Terminology Criteria for Adverse Events 
v5.0 (CTCAE) [Internet]. (2017)https://
c t e p . c a n c e r. g o v / p r o t o c o l D e v e l o p m e n t /
electronic_applications/docs/CTCAE_v5_Quick_
Reference_8.5x11.pdf

56.	 Shinnick SE, Browning ML, Koontz SE. 
Managing hypersensitivity to asparaginase 
in pediatrics, adolescents, and young adults. 
J Pediatr Oncol Nurs 2013;30(2):63-77. doi: 
10.1177/1043454212471728.

57.	 Battistel AP, Rocha BSD, Santos MTD, et al. Allergic 
reactions to asparaginase: retrospective 
cohort study in pediatric patients with acute 

lymphoid leukemia. Hematol Transfus Cell Ther. 
2021;43(1):9-14. doi: 10.1016/j.htct.2019.10.007. 

58.	 Salzer W, Bostrom B, Messinger Y, et al. 
Asparaginase activity levels and monitoring in 
patients with acute lymphoblastic leukemia. Leuk 
Lymphoma 2018;59(8):1797-1806.  doi: 
10.1080/10428194.2017.1386305.

59.	 Kim HJ, Ock CY, Kim TM, et al. Comparison of Native 
Escherichia coli L-Asparaginase versus Pegylated 
Asparaginase, in Combination with Ifosfamide, 
Methotrexate, Etoposide, and Prednisolone, in 
Extranodal NK/T-Cell Lymphoma, Nasal Type. 
Cancer Res Treat. 2018;50(3):670-680. doi: 
10.4143/crt.2017.051. 

60.	 Galindo-Rodríguez G, Jaime-Pérez JC, Salinas-
Carmona MC, et al. Do immunoglobulin G and 
immunoglobulin E anti-l-asparaginase antibodies 
have distinct implications in children with acute 
lymphoblastic leukemia? A cross-sectional study. 
Rev Bras Hematol Hemoter. 2017;39(3):202-209. 
doi: 10.1016/j.bjhh.2016.11.006.

61.	 Siebel C, Lanvers-Kaminsky C, Alten J, et al. Impact 
of Antibodies Against Polyethylene Glycol on the 
Pharmacokinetics of PEGylated Asparaginase in 
Children with Acute Lymphoblastic Leukaemia: A 
Population Pharmacokinetic Approach. Eur J Drug 
Metab Pharmacokinet. 2022;47(2):187-198. doi: 
10.1007/s13318-021-00741-w.

62.	 Yen HJ, Chang WH, Liu HC, et al. Outcomes Following 
Discontinuation of E. coli l-Asparaginase Upon 
Severe Allergic Reactions in Children With Acute 
Lymphoblastic Leukemia. Pediatr Blood Cancer. 
2016;63(4):665-670. doi: 10.1002/pbc.25991.

63.	 Armstrong JK, Hempel G, Koling S, et al. Antibody 
against poly(ethylene glycol) adversely affects 
PEG-asparaginase therapy in acute lymphoblastic 
leukemia patients. Cancer. 2007;110(1):103-111. 
doi: 10.1002/cncr.22739.

64.	 Hunger S. COG Pharmacy Committee. Parental and 
oral chemotherapy administration guidelines used 
by the Children’s Oncology Group (Version 6). In: 
Archives of the Children’s Oncology Group; 2010.

65.	 Czogala M, Rogatko I, Pawińska-Wąsikowska K, et 
al. Monitoring of treatment with L-asparaginase 
in children with acute lymphoblastic leukaemia, 
with a focus on silent inactivation and its 
influence on the treatment outcome.  Contemp 
Oncol (Pozn). 2022;26(4):282-288. doi:10.5114/
wo.2023.124972

66.	 Juluri KR, Siu C, Cassaday RD. Asparaginase in the 
Treatment of Acute Lymphoblastic Leukemia in 
Adults: Current Evidence and Place in Therapy. 
Blood Lymphat Cancer. 2022;12:55-79. doi: 
10.2147/BLCTT.S342052.

67.	 Bade NA, Lu C, Patzke CL, et al. Optimizing 
pegylated asparaginase use: An institutional 
guideline for dosing, monitoring, and management. 
J Oncol Pharm Pract. 2020;26(1):74-92. doi: 
10.1177/1078155219838316.

101Optimization of L-Asparaginase Therapy in Pediatric Acute Lymphoblastic Leukemia (…)



68.	 Li RJ, Jin R, Liu C, et al. FDA Approval Summary: 
Calaspargase Pegol-mknl For Treatment of Acute 
Lymphoblastic Leukemia in Children and Young 
Adults.  Clin Cancer Res. 2020;26(2):328-331. doi: 
10.1158/1078-0432.CCR-19-1255.

69.	 Avramis VI, Sencer S, Periclou AP, et al. A 
randomized comparison of native Escherichia coli 
asparaginase and polyethylene glycol conjugated 
asparaginase for treatment of children with newly 
diagnosed standard-risk acute lymphoblastic 
leukemia: a Children’s Cancer Group study. Blood. 
2002;99(6):1986-1994. doi: 10.1182/blood.
v99.6.1986.

70.	 Vrooman LM, Stevenson KE, Supko JG, et al. 
Postinduction Dexamethasone and Individualized 
Dosing of Escherichia Coli L-Asparaginase Each 
Improve Outcome of Children and Adolescents With 
Newly Diagnosed Acute Lymphoblastic Leukemia: 
Results From a Randomized Study—Dana-Farber 
Cancer Institut. J Clin Oncol. 2013;31(9):1202–10. 
doi: 10.1200/JCO.2012.43.2070.

71.	 Lin T, Hernandez-Illas M, Rey A, et al. A Randomized 
Phase I Study to Evaluate the Safety, Tolerability, 
and Pharmacokinetics of Recombinant Erwinia 
Asparaginase (JZP-458) in Healthy Adult 
Volunteers. Clin Transl Sci. 2021;14(3):870-879. 
doi: 10.1111/cts.12947.

72.	 Lynggaard LS, Vaitkeviciene G, Langenskiöld C, et 
al. Asparaginase encapsulated in erythrocytes as 
second-line treatment in hypersensitive patients 
with acute lymphoblastic leukaemia. Br J Haematol. 
2022;197(6):745-754. doi: 10.1111/bjh.18152.

73.	 Medawar CV, Mosegui GBG, Vianna CMM, et al. 
PEG-asparaginase and native Escherichia coli 
L-asparaginase in acute lymphoblastic leukemia 
in children and adolescents: a systematic review. 
Hematol Transfus Cell Ther. 2020;42(1):54-61. doi: 
10.1016/j.htct.2019.01.013. 

74.	 Ameen F, Alshehri WA, Al-Enazi NM, et al. 
L-Asparaginase activity analysis, ansZ gene 
identification and anticancer activity of a new 
Bacillus subtilis isolated from sponges of the Red 
Sea. Biosci Biotechnol Biochem. 2020;84(12):2576-
2584. doi: 10.1080/09168451.2020.1807310.

75.	 Vultaggio A, Perlato M, Nencini F, et al. How 
to Prevent and Mitigate Hypersensitivity 
Reactions to Biologicals Induced by Anti-Drug 
Antibodies?. Front Immunol. 2021;12:765747. doi: 
10.3389/fimmu.2021.765747.

76.	 Aldoss I, Stein AS. Advances in adult acute 
lymphoblastic leukemia therapy.  Leuk 
Lymphoma. 2018;59(5):1033-1050. doi: 
10.1080/10428194.2017.1354372.

77.	 National Comprehensive Cancer Network. NCCN 
Clinical Practice Guidelines in Oncology (NCCN 
Guidelines®): acute lymphoblastic leukemia 
(ALL) version 2.2021- September 9, 2021.78.- Liu 
C, Yang W, Devidas M, et al. Clinical and Genetic 
Risk Factors for Acute Pancreatitis in Patients 

With Acute Lymphoblastic Leukemia.  J Clin 
Oncol. 2016;34(18):2133-2140. doi: 10.1200/
JCO.2015.64.5812.

78.	 Plourde PV, Jeha S, Hijiya N, et al. Safety profile 
of asparaginase Erwinia chrysanthemi in a large 
compassionate-use trial.  Pediatr Blood Cancer. 
2014;61(7):1232-1238. doi: 10.1002/pbc.24938.

79.	 Dharia P, Swartz MD, Bernhardt MB, et al. 
Clinical and demographic factors contributing to 
asparaginase-associated toxicities in children with 
acute lymphoblastic leukemia. Leuk Lymphoma. 
2022;63(12):2948-2954. doi:10.1080/10428194.
2022.2102621

80.	 Germovsek E, Barker CIS, Sharland M, et al. 
Pharmacokinetic-Pharmacodynamic Modeling in 
Pediatric Drug Development, and the Importance 
of Standardized Scaling of Clearance [published 
correction appears in Clin Pharmacokinet. 
2019;58(1):139. doi: 10.1007/s40262-018-0723-9

81.	 De Cock RFW, Piana C, Krekels EHJ, et al. The role of 
population PK–PD modelling in paediatric clinical 
research. Eur J Clin Pharmacol. 2011;67 (Suppl 1), 
5–16. doi: 10.1007/s00228-009-0782-9.

82.	 Chaweephisal P, Tharnpanich T, Suroengrit A, 
et al. A Pharmacokinetic Study of Native E.coli 
Asparaginase for Acute Lymphoblastic Leukemia 
Treated with ThaiPOG Protocol. Asian Pac J Cancer 
Prev. 2021;22(10):3309-3315.

83.	 Yuan M, Zheng Y, Wang F, et al. Discussion on the 
optimization of personalized medication using 
information systems based on pharmacogenomics: 
an example using colorectal cancer.  Front 
Pharmacol. 2025;15:1516469. doi:10.3389/
fphar.2024.1516469

84.	 Radadiya A, Zhu W, Coricello A, et al. Improving 
the Treatment of Acute Lymphoblastic 
Leukemia.  Biochemistry. 2020;59(35):3193-3200. 
doi: 10.1021/acs.biochem.0c00354.

85.	 Lanvers-Kaminsky C, Rüffer A, Würthwein G, et 
al. Therapeutic Drug Monitoring of Asparaginase 
Activity - Method Comparison of MAATTM and 
AHA Test Used in the International AIEOP-BFM ALL 
2009 Trial. Ther Drug Monit. 2018;40(1):93–102. 
doi: 10.1097/FTD.0000000000000472.

86.	 Oparaji JA, Rose F, Okafor D, et al. Risk Factors for 
Asparaginase-associated Pancreatitis: A Systematic 
Review. J Clin Gastroenterol. 2017;51(10):907-913.

87.	 Kang JS, Lee MH. Overview of therapeutic drug 
monitoring. Korean J Intern Med. 2009;24(1):1-10. 
doi:10.3904/kjim.2009.24.1.1

88.	 García Morin M, Melero Guardia P, Bardón-
Cancho EJ, et al. Monitoring asparaginase activity 
to improve the management of patients with 
acute lymphoblastic leukemia: Experience in one 
center.  An Pediatr (Engl Ed). 2024;100(1):65-66. 
doi:10.1016/j.anpede.2023.09.016.

89.	 Huang X, Tong Y, Zhou F, et al. Comparison of 
efficacy and safety of different asparaginases in 
adult acute lymphoblastic leukemia based on nano-

Gándara-Mireles Jesús-Alonso, Loera-Castañeda Verónica, et al. 102



magnetic beads immunoassay.  Am J Transl Res. 
2024;16(7):2931-2939. Published 2024 Jul 15. 
doi:10.62347/CQGK2579.

90.	 Lassaletta Á, Guerrero C, Fernandez-Cooke E, et 
al.  Asparaginase activity monitoring in pediatric 
acute lymphoblastic leukemia: A nationwide 
cross-sectional study. Cancer Reports (Hoboken). 
2023;6(11):e1729. doi:10.1002/cnr2.1729.

91.	 Lenicek Krleza J, Katusic Bojanac A, Jakovljevic 
G. Determination of l-Asparaginase Activity and 
Its Therapeutic Monitoring in Children with 
Hematological Malignancies in a Single Croatian 
Center.  Diagnostics (Basel). 2024;14(6):623. 
doi:10.3390/diagnostics14060623.

92.	 Martins MV, Rasmussen ASB, Heldrup J, 
et al. Therapeutic drug monitoring in the 
treatment of childhood acute lymphoblastic 

leukemia: A practical guideline. EJC Paediatric 
Oncology. 2025;5:100225. doi:10.1016/j.
ejcped.2025.100225.

93.	 Wolthers BO, Frandsen TL, Patel CJ, et al. Trypsin-
encoding  PRSS1-PRSS2  variations influence the 
risk of asparaginase-associated pancreatitis in 
children with acute lymphoblastic leukemia: 
a Ponte di Legno toxicity working group 
report.  Haematologica. 2019;104(3):556-563. 
doi:10.3324/haematol.2018.199356

94.	 Gándara-Mireles JA, Lares-Asseff I, Reyes Espinoza 
EA, et al. «Rapid asparagine depletion as a possible 
risk marker for pancreatitis in children with acute 
lymphoblastic leukemia under treatment with 
L-asparaginase: case report from five patients». 
Biomed J Sci Tech Res. 2023; 50(4):41929-41934. 
doi: 10.26717/BJSTR.2023.50.007993.

103Optimization of L-Asparaginase Therapy in Pediatric Acute Lymphoblastic Leukemia (…)




