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Fluoro-pyrimidines

 Fluoro-pyrimidines are 
fluorinated-pyrimidine antimetabolite 
drugs used in oncology.

 5-Fluorouracil (5-FU) is commonly used in combination
with other chemotherapy in patients with breast, colorectal, 
head and neck,... cancers.
Capecitabine and Tegafur are prodrugs of 5-FU
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Fluoro-pyrimidines metabolism

 Metabolism of 5-FU is mainly mediated by Dihydropyrimidine Dehydrogenase (DPD), an enzyme 
encoded by the DPYD gene with a limiting function in the degradation of pyrimidine bases. DPD is 
responsible for the degradation of more than 80% of standard doses of 5-fluorouracil.
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DPD & Pyrimidine
metabolism
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Fluoro-pyrimidines toxicity

 A 30-years old story
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Dihydropyrimidine Dehydrogenase (DPD) 
deficiency

 AR disorder, characterized by a wide range of severity with neurological problems (including
seizures, intellectual disability, microcephaly, autistic behavior) in some individuals and no symptoms
in others

 Approximately 5-8% of the Caucasian population has a partial DPD deficiency, which can cause 
fatal toxicity when using Fluoro-pyrimidines. 
Up to 0.5% of the population is fully DPD deficient.

 17000 new patients potentially exposed yearly to Fluoro-pyrimidines in Belgium
 1300 present partial DPD deficiency
 85 have non-functional DPD 
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Fluoro-pyrimidines toxicity

 For patients with total DPD deficiency, loss of this enzyme activity increases the half-life of 5-FU, 
leading to toxic accumulation.
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Fluoro-pyrimidines toxicity

 Acute early-onset of toxicity and severe, life-threatening, or fatal adverse reactions (ie. fever, 
mucositis, vomiting, diarrhea, neutropenia, skin effects, neurotoxicity, cardiotoxicity).

Complete deficiency may lead to patient’s death due to MOF.
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Fluoro-pyrimidines toxicity
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Management of Fluoro-pyrimidines toxicity

 Dose adaptation / Treatment discontinuation

 Hemodialysis

 Oteracil: inhibitor of OPRT enzyme, used to reduce 
undesirable effect on GI mucosa
Gimeracil: inhibitor of DPD enzyme, used to increase half-
life of 5-FU, resulting in higher systemic concentrations

> Association Tegafur/Oteracil/Gimeracil: Teysuno®

 Antidote: Uridine triacetate (Vistogard®), orally active prodrug 
of the naturally occurring nucleoside uridine which 
competitively inhibits cell damages caused by 5-FU
Low availability, should be administered within 96h after 5-FU 
administration
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Assessment of DPD Activity

 Assessment of DPD activity rely on:

 (Targeted) Genotyping of DPYD gene

 Phenotyping

• Uracile / Dihydrouracile (Thymine / Dihydrothymine) on plasma
• DPD activity on leukocytes (PBMC)

 5-FU monitoring
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 Chromosome 1p21.3
23 exons

 > 1000 variants described

DPYD gene
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 Chromosome 1p21.3
23 exons

 > 1000 variants described

 ‘Hotspots’
 c.1679T>G, p.I560S (DPYD*13), rs55886062
 c.1905+1G>A (IVS14+1G>A, DPYD*2A), rs3918290 
 c.2846A>T, p.D949V, rs67376798
 c.1236G>A, p.E412E (Hap3B), rs56038477

1236G

>A

DPYD gene
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 LAMP (Loop-mediated isothermal amplification) or qPCR assay

 Gene sequencing

Genotyping assay

 

Wild-type

Heterozygote

Mutated

Blank
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Phenotyping assay

Functional DPD Deficient DPD
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 LC-MS-MS (or HPLC-UV)

 Measurement of Uracil (U) and Di-Hydrouracil (UH2) in plasma
 Ratio UH2 / U

Phenotyping assay
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DPD testing & 
Dose adaptation

 Targeted genotyping

 Pros / cons of targeted genotyping 

 Simplicity of implementation 
 Prospectively validated genotype-based dosing guidelines

 Quite low sensitivity to detect total (and partial) DPD deficiency 
 Only validated in Caucasian population

Sensitivity: 25 %

Specificity: 95 %
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DPD testing & Dose adaptation

 Targeted genotyping : scoring system

 DPYD*2A and DPYD*13 alleles 
 Non-functional enzyme (Activity score 0)
 Homozygous patients: contra-indication for administration of 5-FU and capecitabine.

 DPYD c.2846A>T and HapB3 
 Reduced DPD activity of 50% (Activity score 0.5), 
 Recent insights suggest an even lower activity and score (Activity score 0?).

 Normal alleles (absence of any of the 4 variants) 
 Normal DPD activity (Activity score 1).

 Activity should be counted for each allele and summed
 Score 2: Normal dose
 Score 1,5 or 1: 50% of the dose
 Score 0,5 or 0: Contraindication
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DPD testing & Dose adaptation 

 Phenotyping

 Uracil ≤16 ng/mL
 Compatible with a normal DPD activity.

 16 ng/mL < Uracil  < 150 ng/mL
 Compatible with partial DPD deficiency.
 Associated with increased risk of toxicity. Reduction of 50% is recommended.

 Uracil ≥ 150 ng/mL
 Compatible with total DPD deficiency. 
 Administration of 5-FU or capecitabine is contra-indicated, risk of severe toxicity is very high.

 UH2 / U ratio and Uracil should be reported, potentially useful information.

 Existence of interaction between 5-FU and U 
occurring when sampling is performed during
fluoropyrimidine exposure => subsequent risk 
of misinterpreting U values with false positive
results
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DPD testing & Dose adaptation 

 Pros / cons of phenotyping

 Better sensitivity, compared with the genotyping approach, to detect total and partial 
DPD deficiency

 Interpretation not dependent of ethnic origin of the patient

 Strict pre-analytical requirements 
(risk of false positive)

 Phenotype-based dosing 
recommendations still need to be 
validated in prospective trials

Sensitivity: 82 %

Specificity: 80 %
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DPD testing & Dose adaptation 

 Multiparametric approach:
 Genotyping
 Uracile
 UH2 / U
 Co-variables (age, sex, …)
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DPYD ressources - PHARMGKB

DPYD

 661 variants reported
 57 with clinical annotation
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DPD testing recommendations in Belgium

 DPD testing is recommended before any use of Fluoro-pyrimidines

 Stepwise Phenotype > Genotype approach is suggested
 Higher sensitivity
 Lower societal cost

 Collection of 2 blood samples in any cases (to reduce delays)
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Foreign experiences & 
Perspectives

In France, pharmacists are not 

allowed anymore to deliver 5-FU or 

capecitabine without any DPD 

activity assessment
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Very slow awareness
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Cost-effectiveness of DPD testing
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DPD testing
request forms
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Sampling

 Genotyping

 Collection: EDTA tube, 2 mL
 Storage at 4°C, transport to laboratory within three days at 4°C
 TAT: 1 week

 Phenotyping

 Collection: EDTA tube, 5 mL
 Urgent transport to the laboratory, centrifugation within 1h30 after sampling
 Storage and transport at -20°C
 Ideally, contact directly your laboratory after sampling for rapid recovery and centrifugation of the tube.
 TAT: 1 week
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Costs and tests availability

 Cost
 Genotyping: ~160 €, of which ~9 € are charged to patient
 Phenotyping: 35-40 € charged to patient, currently not reimbursed by healthcare insurance

 Test availability in Belgium
 Targeted genotyping

 CHU Sart-Tilman: Centre de Génétique Humaine
 KULeuven: Centrum Menselijke Erfelijkheid
 Cliniques Universitaires St-Luc, UCLouvain: Centre de Génétique Humaine
 UZ Gent: Centrum Medische Genetica

 DPYD sequencing
 Cliniques Universitaires St-Luc, UCLouvain: Centre de Génétique Humaine
 UZ Gent: Centrum Medische Genetica

 Phenotyping
 CHU Sart-Tilman: Centre de Génétique Humaine
 Cliniques Universitaires St-Luc, UCLouvain
 UZ Gent
 Labo Klinische Biologie, Onze-Lieve-Vrouwziekenhuis – Aalst
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Thank you


