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Survival for pediatric acute lymphoblastic leukemia (ALL) is approaching 90%, but ALL treatment 

with methotrexate (MTX) is associated with significant toxicities including GI inflammation, 

mucositis, kidney injury, liver injury, myelosuppression, neurotoxicity.

Hispanic patients appear to be disproportionately predisposed to methotrexate toxicity. 

Preliminary data at Texas Children’s Hospital (Houston, Texas, USA) indicated that Hispanic 

patients require carboxypeptidase G2 (CPDG2, also known as glucarpidase) a medication to 

prevent renal failure from delayed clearance of high-dose MTX, more often than patients of other 

racial/ethnic groups. 

If this association is true, there is no clear clinical explanation for the increased CPDG2 use 

among Hispanic patients, which suggests a potential pharmacogenomic explanation.

Objectives: 

1) To evaluate clinical risk factors for a patient requiring CPDG2.

2) To evaluate if candidate single nucleotide polymorphisms (SNPs) with previous association 

with methotrexate toxicity are associated with a patient requiring CPDG2.

BACKGROUND

A chart review was performed for ALL patients who received intermediate-dose or high-dose 

methotrexate at Texas Children’s Hospital from 2010-2018 (the clinical cohort). Self-identified 

race and ethnicity was obtained through patient report.

Multivariable Bayesian logistic regression was performed to evaluate the association of CPDG2 

use and self-reported ethnicity, age at diagnosis, ALL subtype, MTX dose, body mass index 

(BMI), and the interaction between BMI and dose. 

Prior probability assigned to the intercept was normal(mean = 3, standard deviation = 1). 

These were chosen to locate the majority of the probability mass in the range from 0-20%, 

consistent with clinician subjective experience of frequency of CPDG2 use.

Weakly informative priors of normal(0,1) were assigned to the coefficients. This allowed the 

model to be indifferent toward the presence of an association, but skeptical toward large 

associations.

A list of SNPs that have been identified as potentially significant for methotrexate disposition and 

toxicity was obtained from the PharmGKB database (www.PharmGKB.com).

Genotyping was performed for a subset of the patients in the clinical cohort (the genomic cohort) 

and genetic ancestry was imputed from the genotyped data.

Multivariable Bayesian logistic regression analysis was performed for each SNP and receipt of 

CPDG2 with genetic ancestry data used as covariates to account for the possibility of correlation 

between ancestry and SNP genotype. An additive genetic model was used. 

METHODS

Self-reported Hispanic patients and older patients are at increased risk for requiring CPDG2. 

Patients who receive 1000 or 2000 mg/m2 of MTX are at very low risk for requiring CPDG2. 

Preliminary analysis demonstrates six SNPs that have a strong biological plausibility and statistical 

possibility of positive association with requiring CPDG2, most notably rs7317112 in ABCC4. 

This study is limited by the small number of patients who received CPDG2. More information will 

allow for better characterization of the risks associated with T-ALL and infant-ALL,  BMI, the 

candidate SNPs, and interactions between these factors.

This study confirmed Hispanic ethnicity and age as robust predictors of CPDG2 use. 

Further, this study identified other clinical and genomic factors that may allow for better 

identification of patients most at risk for requiring CPDG2 in the future. 

CONCLUSIONS

A total of 423 patients were identified in the clinical cohort who received 1601 doses of MTX. Mean age of 

the patients was 8.7 years (IQR 4.4-13.2). No patients who received 1000 or 2000mg/m2 doses of MTX 

received CPDG2. One infant and one patient with T-ALL received CPDG2. Of the 18 patients who received 

CPDG2, 17 (94%) were self-identified Hispanic.  Further descriptive statistics with univariate tests of 

association may be found in Table 1. 

The variables that demonstrated strong associations with CPDG2 were Hispanic ethnicity (OR: 3.46; 95% 

compatibility interval [CI]: 1.27 – 8.04) and older age (OR of 1.8 per 1 SD increase in age; 95% CI: 1.11-

2.79). Further results of the clinical model may be found in Table 2.

Although other variables’ 95% CI included the null, evaluation of the posterior predictive distribution 

revealed that receiving 5000 mg/m2 of MTX had an 75.5% probability of positive association (PPA) and the 

interaction between BMI and B-ALL who received 5000 mg/m2 of MTX was 72.3%. Figure 1 demonstrates 

posterior probability densities for the variables of interest.

Figure 2 demonstrates the predicted probabilities for each patient requiring CPDG2, with patient who 

received the drug highlighted in purple. This model demonstrated an area-under the receiver operator 

characteristics curve of 81.8% and an accuracy of 76.1%. 

There were 177 patients in the genomic cohort, 11 of which received CPDG2.

Analysis of MTX-related genotypes revealed that the G allele of rs7317112 in ABCC4 demonstrated an 

odds ratio of 1.87 (95% CI: 0.9-2.5) and a PPA of 95%. This allele has been associated with risk of 

mucositis in patients who received MTX. Notably, ABCC4 may also serve as an efflux pump for MTX in 

renal cells. Further candidate SNPs with PPA > 80% and their prior documented associations from the 

literature are displayed in Table 3. 

RESULTS


