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Fluoropyrimidine: what are we talking about ? 

FOLFOX, FOLFOXIRI, FOLFIRI, FEC,….



Schwab et al. J Clin Oncol 2008; 26: 2131

Fluoropyrimidine toxicity and DPD deficiency 



Fluoropyrimidine toxicity: some consensual figures 

Clinical experience:

• Severe (grade ≥3) FP-related toxicity in ~ 20-25 %

• FP-related death in ~0,5% of patients

About DPD activity:

• Decreased DPD activity is expected to be found in ~ 50 % of patients 
with severe FP-associated toxicity (mainly early onset toxicity) 

• In Caucasians, partial DPD deficiency is found* in up to 8 %, while 
total DPD deficiency is found in up to 0,5 % (*DPD activity in PBMCs)
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Genotyping approach

Targeted DYPD genotyping (2018 CPIC guideline)

• rs3918290 (c.1905+1G>A, DPYD*2A)
• rs55886062 (c.1679T>G, p.I560S, DPYD*13)

• rs67376798 (c.2846A>T, p.D949V)
• rs75017182 (c.1129-5923C>G)
• rs56038477 (c.1236G>A, p.E412E)
• rs56276561 (c.483+18G>A)

Full DPYD sequencing (included in NGS panels)

• 23 exons and flanking intronic regions

LD: « B3-haplotype »



DPYD genetics: 2018 update from CPIC

Strong Evidence supporting function (“targeted DPYD genotyping”)

DPYD
allele

rsID Nucleotide
change

Protein
change

Allele
functional

status

Activity
score

References PMID

*2A rs3918290 c.1905+1G>A N/A No function 0 Offer 2013 23328581

*5 rs1801159 c.1627A>G p.I543V Normal 1 Offer 2013 23328581

*9A rs1801265 c.85T>C p.C29R Normal 1 He 2008 18452418

*13 rs55886062 c.1679T>G p.I560S No function 0 Offer 2013 23328581

rs67376798 c.2846A>T p.D949V Decreased 0.5 Offer 2014 24648345

HapB3 rs75017182, 
rs56038477, 
rs56276561

c.1129-5923C>G, 
c.1236G>A, 

c.483+18G>A

N/A 
p.E412E 

N/A

Decreased 0.5 Nie 2017 28295243



Amstutz et al. Clin Pharmacol Ther 2018; 103: 210-216



Dosing recommendations for DPYD and fluropyrimidines are based on a 
scoring system 

Predicted enzyme 
activity

Examples of DPYD alleles Allele activity value

Normal *1
*5 (c.1627A>G)
*9A  (c.85T>C)

1

Reduced p.D949V (c.2846A>T)
HapB3 (c.1236G>A as tag SNP)

0,5

Absent *2A (c.1905+1G>A)
*13   (c.1679T>G)

0

DPYD normal metabolizer
Activity score: 2

Examples of diplotypes:
DPYD*1/*1
DPYD*1/*9A
DPYD*1/*5

DPYD intermediate metabolizer
Activity score: 1 or 1,5

Examples of diplotypes:
DPYD*1/*2A
DPYD c.2846A>T/c.2846A>T
DPYD*1/HapB3

DPYD poor metabolizer
Activity score: 0 or 0,5

Examples of diplotypes:
DPYD*2A/*2A
DPYD*2A/c.2846A>T



up to 8% of Caucasian
population

up to 0,5% of Caucasian
population

2018 CPIC Update



Henricks et al. Lancet Oncol 2018; 19: 1459-1467

Relative risk RR for grade≥3 toxicity

DPYD*2A 1.31 (95% CI 0.63-2.73) for genotype-guided dosing vs 2.87 (95% CI 2.14-3.86) for historical cohort
DPYD*13 no toxicity for genotype-guided dosing vs 4.30 (95% CI 2.10-8.80) for historical cohort
c.2846A>T 2.00 (95% CI 1.19-3.34) for genotype-guided dosing vs 3.11 (95% CI 2.25-4.28) for historical cohort
HapB3 1.69 (95% CI 1.18-2.42) for genotype-guided dosing vs 1.72 (95% CI 1.22-2.42) for historical cohort



Henricks et al. Int J Cancer 2019; 144: 2347

Dose reductions in DPYD*2A carriers do not result in inferior effectiveness 
of fluoropyrimidine-based chemotherapy



DPYD (targeted) genotyping approach

Main advantages:

 Easy to implement in term of pre-analytical and 
analytical conditions (! TAT)

 Validated genotype-based dosing guidelines

Main limitations:

 Low sensitivity to detect total and partial DPD 
deficiency (consistently < 50 %)

 Only validated for Caucasian patients



Phenotyping approach: U and UH2/U ratio in plasma

UH2U

UH2/U = indicator of DPD activity LC-MS/MS



Henricks et al. Pharmacogenomics 2015; 16: 1277

UH2/U ratio and the four main DPYD variants (heterozygous patients!)  

AS=1 AS=1,5 AS=1,5AS=1





Meulendijks et al. Br J Cancer 2017; 116: 1415

16 ng/ml  as a “consensus cutoff” for 
pretreatment Uracil value (HAS, France) 3,1%

14 ng/ml  as a cutoff value for the 
Belgian recommendation 6,2%



HAS and INCa guidelines summary (France, December 2018)

 Uplasma ≤ 16 ng/ml

“This uracilemia value is not associated with an increased risk of toxicity during 
fluoropyrimidine therapy (Meulendijks et al., Br J Cancer 2017)”

 16 ng/ml < Uplasma < 150 ng/ml

“This uracilemia value is suggestive of a partial DPD deficiency associated with 
an increased risk of fluoropyrimidine toxicity. 

The initial dosage of fluoropyrimidines may be adapted on the basis of a clinical-
biological dialogue depending on the level of uracilemia, the chemotherapy 
protocol and the pathophysiological criteria of the patient.

Therapeutic readjustment should be considered as of the second cycle depending 
on the tolerance to treatment and/or pharmacological therapeutic monitoring (blood 
test of the drug) if it is available.

If genotyping has been prescribed, it will be performed in addition by the 
laboratory”

Recherche de déficit en dihydropyrimidine déshydrogénase en vue de prévenir certaines toxicités sévères survenant 
sous traitement comportant des fluoropyrimidines, Recommandations et référentiels, INCa, HAS, décembre 2018



HAS and INCa guidelines summary (France, December 2018) 

 Uplasma ≥ 150 ng/ml

“This uracilemia value is suggestive of a total DPD deficiency associated with a 
risk of very severe toxicity to fluoropyrimidines. 

Treatment with fluoropyrimidines is contraindicated. In the absence of a 
therapeutic alternative, the use of fluoropyrimidines could only be considered at 
extremely low doses and under very close surveillance. In this case, 
pharmacological therapeutic monitoring (blood test of the drug) is highly 
recommended.

If genotyping has been prescribed, it will be performed in addition by the 
laboratory”

Additional information:  UH2/U ratio

“Value given for information only. Current data do not allow to propose a 
consensus threshold of UH2/U associated with normal DPD activity. A ratio lower 
than 1 is however suggestive of a total DPD deficiency”

Recherche de déficit en dihydropyrimidine déshydrogénase en vue de prévenir certaines toxicités sévères survenant 
sous traitement comportant des fluoropyrimidines, Recommandations et référentiels, INCa, HAS, décembre 2018



Figure S3. Stability of uracil and dihydrouracil in whole blood at ambient temperatures (dashed lines) and 2-
8°C (solid lines). Whole blood was obtained from 3 healthy volunteers. Average uracil and dihydrouracil
plasma concentrations are shown relatively to initial values. Error bars represent standard deviations. Dotted 
lines represent 15% deviation from the initial value.

Pre-analytical requirements 

Jacobs et al. J Pharm Biomed Anal 2016; 126: 75-82

1h30 maximum at ambient temperature
4h00 maximum at +4°C

Ambient temperature

+4°C



Pre-analytical requirements: summary 

Recherche de déficit en dihydropyrimidine déshydrogénase en vue de prévenir certaines toxicités sévères survenant 
sous traitement comportant des fluoropyrimidines, Recommandations et référentiels, INCa, HAS, décembre 2018

 Blood collection tube with anticoagulant (preferably heparine) but 
without separation gel

 Strict delay between blood drawing and centrifugation

1h30 maximum if blood at ambient temperature
4h00 maximum if blood at +4°C

 Centrifugation at +4°C and immediate freezing of the plasma

 In case of transport (other hospital,…), plasma must remain frozen



Asqualab, EQC Uracilémie, 2019, round 3



Asqualab, EQC Uracilémie, 2019, round 3



DPD phenotyping approach: summary

Main advantages:

 Better sensitivity to detect total and partial DPD 
deficiency (consistently > 85 %)

 Test interpretation independent of the ethnic origin of 
the patient !

Main limitations:

 Pre-analytical requirements (Information on request 
form !)

 Dosing recommendations still to be validated in 
prospective trials (see local recommendations)



Casneuf et al. Acta Clinica Belgica 2022; 77: 346-352



Genotyping and phenotyping: example of strategy

Phenotyping: U and UH2/U

Genotyping: 4 variants or DPYD sequencing
Confirmation of genetic origin of DPD deficiency (+ research)

14 ng/ml < U < 100 ng/mlU ≤ 14 ng/ml U ≥ 100 ng/ml

Standard treatment
Clinical-biological

dialogue
5-FU treatment

contra-indicated

UH2/U < 1
as a validation (U stability?)

UH2/U > 10



Clinical-biological dialogue?   New proposal ®

Intermediate uracil plasma value

25 ng/ml ≤ U < 75 ng/ml 75 ng/ml ≤ U < 100 ng/ml14 ng/ml < U < 25 ng/ml

Genotyping: 4 variants or DPYD sequencing
Confirmation of genetic origin of DPD deficiency (+research)

25-50% dose reduction 50-75% dose reduction >75% dose reduction*

In addition to other factors: curative/palliative; age; general status, comorbidities, 
chemotherapy protocol (polymedication, fluoropyrimidine dose) with readjustment 
after the first two cycles depending on patient tolerance
* or alternative therapy



Real-life clinical examples

Phenotyping test Targeted DPYD genotyping Full DPYD sequencing

U: 5,9 ng/ml                UH2/U: 19,5
UH2: 115,3 ng/ml

Absence of consensual SNPs -----

U: 8,6 ng/ml                 UH2/U: 15,3
UH2: 132,0 ng/ml

*1/HapB3 -----

U: 60,8 ng/ml              UH2/U: 1,2
UH2: 75,2 ng/ml

*2A/D949V -----

U: 16,4 ng/ml              UH2/U: 4,8
UH2: 78,0 ng/ml

*1/*2A Houssiau et al. 2020, Belg J Med Oncol
14: 150

U: 13,0 ng/ml              UH2/U: 8,4
UH2: 108,7 ng/ml

*1/HapB3 -----

U: 18,5 ng/ml              UH2/U: 7,2
UH2: 132,3 ng/ml

Absence of consensual SNPs c.545T>A, p.M182K, Htz (death rep.)
c.1627A>G, p.I543V, DPYD*5, Htz

U: 24,1 ng/ml              UH2/U: 6,0
UH2: 144,0 ng/ml

Absence of consensual SNPs c.496A>G, p.M166V, Htz
c.1627A>G, p.I543V, DPYD*5, Htz
c.1129-15T>C, Htz

U: 22,7 ng/ml              UH2/U: 5,7
UH2: 130,0 ng/ml

Absence of consensual SNPs Normal full DPYD sequencing (post-
transcriptional factors, miR-27…)



Other pre-emptive genetic tests

TPMT, NUDT15 and mercaptopurine toxicity

90% 10% 0,3%



Situation at CUSL?

ISO15189 certification

565390-565401 (TAT: 1 week)

CYP2B6
CYP2C9
CYP2C19
CYP3A4
CYP3A5
DPYD (targeted genotyping)
UGT1A1
ABCB1
SLCO1B1
VKORC1 (sensibility)

565456-565460 (TAT: 2 weeks)

CYP2D6
DPYD (gene sequencing)
TPMT + NUDT15

+ informed consent form



Situation at CUSL (TAT)?

DPD phenotyping

not (yet) reimbursed
1 week
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