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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.

Autor para correspondencia: alonso_930@hotmail.com (Gandara, Alonso).
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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.

Optimizacion del tratamiento con L-asparaginasa en la leucemia linfoblastica
aguda pediatrica: revision del impacto de la farmacocinética, la farmacodina-
mica y los biomarcadores genéticos

Resumen

Antecedentes: Durante las Ultimas décadas, las estrategias de tratamiento de la
leucemia linfoblastica aguda (LLA) han mejorado notablemente, en particular en la
poblacién pediatrica. La L-asparaginasa (L-Asp) sigue siendo un pilar del tratamiento
de la LLA por su capacidad para agotar la asparagina circulante e inhibir asi la pro-
liferacion 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 revision tiene como objetivo analizar el impacto de la farmacocinéti-
ca, la farmacodindmica y los biomarcadores genéticos en la optimizacion del trata-
miento con L-Asp en la LLA pediatrica, haciendo hincapié en las estrategias de trata-
miento personalizado.

Métodos: Se realizd una revision sistematica 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 articulos para su inclusion.

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

Conclusion: La integracidn de la monitorizacion farmacocinética con el perfil farma-
cogenomico 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 precisién en el manejo de la LLA pediatrica.

© 2026 Academia de Ciencias Médicas de Bilbao. Todos los derechos reservados.



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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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 year'?
Treatment regimens rely on multi-agent chemotherapy
protocols, which remain fundamental to achieving and
sustaining remission®**. 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 decades>®. 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 significant’®.
The enzymatic activity of L-Asp was first described by
Lang et al’ in 1904. Subsequently, in 1922, Clementi

et al.’* identified L-Asp in guinea pig serum, marking a
key milestone in its characterization. In 1953, Kidd et
al.''observed 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-
comes'?.

Despite its essential role in the treatment of ALL, the
use of L-Asp remains controversial due to its potential
for significant toxicity!*'°. 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-



eas of active investigation'®. 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
antibodies'”. These variables can significantly influence
the pharmacokinetics (PK) of L-Asp, thereby affecting
both its therapeutic efficacy and the likelihood of ad-
verse events'®. For instance, Panosyan et al.'® (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
efficacy!®. Premature inactivation of L-Asp may lead to
subtherapeutic exposure, which has been associated
with an increased risk of relapse in pediatric ALL%.

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 failure?’. 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-
cacy?*®. As L-Asp is an exogenous protein, its adminis-
tration can trigger immunogenic responses, frequently
resulting in antibody formation and hypersensitivity
reactions*’. The incidence of hypersensitivity to Esch-
erichia coli-derived L-Asp formulations is estimated to
range from 30% to 70%?2°. In this context, research such
as that by Mei et al.* 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 urticaria?”*. 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
processes®’. 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 ammonia®*% 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 endogenously**-¢. 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=32.

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

e Upregulation of ASNS expression, allowing leukemic
cells to synthesize Asp efficacy®. 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-
cy’l.

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.



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

Route of administration

Typical dosing
frequency

Elimination half-life (t%)
Systemic clearance

Interindividual PK
variability

Volume of distribution
Immunogenicity risk

Anti-asparaginase
antibody formation

Ability to maintain
therapeutic activity
(0.1 1U/mL)

Time above PD activity
threshold (2 0.1 IU/mL)

Need for therapeutic
drug monitoring (TDM)

Main clinical indication

Escherichia coli

IV/IM

Every 2-3 days

~1.2-1.5 days
Moderate

High (antibody-
mediated)

Low (intravascular)
Moderate

Possible

Variable

Short to moderate

Recommended

First-line therapy

Erwinia chrysanthemi

IV/IM

Every 2 days

~0.5-1 day
High

High

Low (intravascular)
Low-moderate

Less frequent

Short-lived

Very short

Recommended

Hypersensitivity to E.
coli

Escherichia coli (PEG-
conjugated)

IV/IM

Every 2-3 weeks

~5-7 days
Low

Moderate

Low (intravascular)
Low

Least frequent

Sustained

Prolonged

Recommended

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 anagemen.t Additional Notes
Recommendation
Suspected, No clear clinical Measure real-time L-Asp  Clinical monitoring for
Unconfirmed symptoms, but silent enzymatic activity to at least one hour post-

Grade 1 (Mild)

Grade 2 (Moderate)

Grade 3 (Severe)

Post-Intramuscular
Hypersensitivity

inactivation is
suspected.

Mild rash, localized
pruritus, no systemic
involvement.

Generalized urticaria,
fever, mild
bronchospasm, no
hemodynamic
compromise.

Anaphylactic shock,
severe angioedema,
respiratory and
cardiovascular
compromise.

Hypersensitivity
symptoms following IM
administration.

rule out silent
inactivation.

Continue with the same
formulation but monitor
enzymatic activity to
detect potential silent
inactivation.

Immediate switch to an
alternative L-Asp
formulation (e.g., from
E. coli to Erwinia or PEG-
Asparaginase).

Permanently
discontinue the current
formulation. If feasible,
switch to an alternative.
Emergency
management required.

Measure enzymatic
activity before
considering a
formulation switch.

administration is
recommended.

Premedication with
antihistamines or
corticosteroids may
reduce reaction severity
but does not prevent
neutralizing antibodies.

. Measure L-Asp activity
if silent inactivation is
suspected.

Immediate epinephrine
administration is critical.
Reintroduction of L-Asp
is not recommended.

If enzyme activity <0.1
IU/mL, repeat on day 14
and adjust therapy
accordingly.
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Figure 1. Mechanisms of acquired resistance to L-Asp.

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 ] et al.* 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, Garcia M et al®® 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 1U/
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 pancreatitis?®®*. A study published by Wolthers
B et al®* identified two genetic variants, rs13228878
and rs10273639, associated with increased expression
of the PRSSI 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)?% 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
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Table 3.- Clinical Recommendations for Monitoring L-Asparaginase Activity According to Formulation

Asparaginase Recommended Therapeutic Cut- Clinical Recommended
Formulation Monitoring Time off Value Interpretation Action
Native E. coli L- After first 20.1 1U/mL Adequate Continue same
Asparaginase administration and enzymatic activity ~ regimen
after

reintroduction

Native E. coli L- Any monitoring <0.11U/mL Possible silent Repeat testing and
Asparaginase point inactivation or consider switching
rapid clearance formulation
PEG-Asparaginase  Day 7 +1 post- 20.1 1U/mL Adequate Continue
administration sustained treatment
exposure
PEG-Asparaginase  Day 7 #1 post- <0.11U/mL Possible silent Repeat activity on
administration inactivation Day 14
PEG-Asparaginase  Day 14 *1 post- <0.1 1U/mL Confirmed Switch to
administration inadequate alternative

enzymatic activity ~ formulation

Erwinia 48 hours after 20.11U/mL Adequate activity  Continue regimen
chrysanthemi- administration despite short half-

derived L- life

Asparaginase

Erwinia 48-72 hours after  <0.11U/mL Insufficient Increase dosing
chrysanthemi- administration therapeutic frequency or
derived L- exposure reassess treatment

Asparaginase

Suspected Silent Real-time Undetectable or Antibody- Immediate switch

Inactivation assessment in subtherapeutic mediated to alternative
absence of clinical  activity inactivation formulation
allergy

Persistent Low After repeated Persistently <0.1 Refractory Consider

Activity After monitoring 1U/mL inactivation permanent

Formulation discontinuation

Switch

Note: To consider inactivation, asparaginase activity levels must be below 0.1 IU/mL in two determinations
obtained at different time points.

Therapeutic Drug Monitoring

A cyclic process to optimize L-asparaginase therapy based on
. pharmacokinetics (PK) and pharmacodynamics (PD)
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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 pM) 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 ALL!®%%. 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.
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