Population pharmacokinetics of high-dose methotrexate with incorporation of pharmacogenomics for clinical outcomes and adverse effects in acute lymphoblastic leukemia
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Introduction: High-dose methotrexate (HDMTX) is integral to consolidation therapy in acute lymphoblastic leukemia (ALL), yet marked interindividual pharmacokinetic variability influences treatment response and toxicity. Therapeutic drug monitoring (TDM) guides leucovorin rescue; however, pharmacogenomic contributors to exposure variability require further characterization.
Aims: To characterize the population pharmacokinetics of HDMTX and evaluate the impact of selected single nucleotide polymorphisms (SNPs) on methotrexate exposure, adverse events, and clinical outcomes in ALL.

Methods. Patients with ALL receiving HDMTX under a modified BFM-90 protocol were prospectively studied. Plasma methotrexate concentrations were quantified at 48 and 72 hours using validated LC–MS/MS methodology. Population pharmacokinetic parameters were assessed, and exposure thresholds (≥1 µmol/L at 48 hours) were correlated with toxicity and clinical response. Genotyping for MTHFR C677T, SLCO1B1 rs10841753, and SLC19A1 80G>A was performed to evaluate pharmacogenomic associations.

Results : Substantial interpatient variability in HDMTX exposure was observed. Higher plasma concentrations at 48 hours were associated with increased incidence of adverse effects and requirement for intensified leucovorin rescue. Variants in MTHFR C677T and SLCO1B1 were significantly associated with delayed methotrexate clearance and elevated plasma levels. Figure 1 demonstrates the distribution of plasma methotrexate concentrations at 48 and 72 hours and their association with genotype status, highlighting exposure differences between variant and wild-type alleles.

Discussion: Integration of population pharmacokinetics with pharmacogenomic profiling explains clinically relevant variability in HDMTX exposure. Incorporating SNP-based risk stratification alongside TDM may enhance individualized dosing, reduce toxicity, and improve therapeutic outcomes. These findings support a precision medicine framework for optimizing HDMTX therapy in ALL.
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