Urinary uracil as a biomarker of dihydropyrimidine dehydrogenase phenotype in cancer patients
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Introduction. 5-fluorouracil (5-FU) can cause life-threatening toxicity due to dihydropyrimidine dehydrogenase (DPD) enzyme deficiency. DPD metabolises uracil, and measurement of endogenous uracil in plasma is recommended by the European Medicines Agency for pretherapeutic screening of DPD deficiency. The enzymatic conversion of uracil into dihydrouracil (DHU) and uracil formation from precursor uridine in blood cells results in post-collection stability issues.

Aims. To establish an assay in a convenience “spot’ urine sample as an alternative approach.
Methods. A LC-MS method was developed to quantify uracil, DHU, uridine and pseudouridine in a urine aliquot (10 µL) after simple ‘dilute and shoot’. The assay was validated to FDA guidelines. Urine samples collected from two cancer patient cohorts (total n=202) prior to receiving 5-FU-based chemotherapy were analysed to assess assay performance and associations with 5-FU-related toxicity.
Results. The assay was accurate, precise and reproducible for quantification of DHU (0.05–1 µg/mL), uracil and uridine (0.05–2 µg/mL) and also pseudouridine (0.5–20 µg/mL) with r2 > 0.99. All analytes were stable in urine, with no significant degradation at examined temperatures and timepoints. Concentrations of each analyte were comparable between cohorts. Median (IQR) concentrations of urinary uracil were 2.86 (2.08–5.37) and 3.19 (2.16–4.37); DHU were 3.38 (2.32–4.34) and 3.07 (2.67–4.01) µmol/mmol Cr, respectively. Uracil and the metabolic ratio Uracil/DHU showed a significant non-Gaussian distribution (p < 0.001), identifying both fast and slow DPD metabolisers. There were no differences in Uracil or DHU/Uracil ratios between cases (≥ grade 3 gastrointestinal toxicity) and non-cases in cohort 1 (n = 36). However, significant differences were noted using either the plasma-to-urine ratio of uracil (p = 0.02), or the eGFR-normalised ratio of total other pyrimidines to DHU (p = 0.003). A logistic regression model incorporating both the comprehensive metabolic ratio and eGFR as explanatory variables predicted cases with 77.8% sensitivity and 86.4% specificity. Analysis of cohort 2 (n = 166) for associations with toxicity is ongoing.
Discussion. Urine-based measurement of selected endogenous pyrimidines may provide a stable, non-invasive alternative to plasma uracil testing. This urinary uracil test may provide a novel and practical strategy to predict severe 5-FU toxicity and enhance treatment safety.
