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Abstract
Background: 5-Fluorouracil (FU) is one of the most com-
monly used cytostatic drugs in the systemic treatment of 
cancer. Treatment with FU may cause severe or life-threaten-
ing side effects and the treatment-related mortality rate is 
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0.2–1.0%. Summary: Among other risk factors associated 
with increased toxicity, a genetic deficiency in dihydropy-
rimidine dehydrogenase (DPD), an enzyme responsible for 
the metabolism of FU, is well known. This is due to variants 
in the DPD gene (DPYD). Up to 9% of European patients car-
ry a DPD gene variant that decreases enzyme activity, and 
DPD is completely lacking in approximately 0.5% of patients. 
Here we describe the clinical and genetic background and 
summarize recommendations for the genetic testing and 
tailoring of treatment with 5-FU derivatives. The statement 
was developed as a consensus statement organized by the 
German Society for Hematology and Medical Oncology in 
cooperation with 13 medical associations from Austria, Ger-
many, and Switzerland. Key Messages: (i) Patients should be 
tested for the 4 most common genetic DPYD variants before 
treatment with drugs containing FU. (ii) Testing forms the 
basis for a differentiated, risk-adapted algorithm with rec-
ommendations for treatment with FU-containing drugs. (iii) 
Testing may optionally be supplemented by therapeutic 
drug monitoring. © 2020 S. Karger AG, Basel

Introduction

Fluorouracil (FU) is one of the most commonly used 
cytostatic drugs in the systemic treatment of cancer. FU-
containing drugs can have severe or life-threatening side 
effects on some patient subgroups and the treatment-re-
lated mortality rate is 0.2–1.0%. There are a number of 
risk factors for severe adverse effects from treatment with 
FU. They may be caused by a genetic deficiency in dihy-
dropyrimidine dehydrogenase (DPD), an enzyme re-
sponsible for the metabolism of FU. This is due to vari-
ants in the DPD gene (DPYD). Although rare, these are 
associated with a significant risk of severe, specific side 
effects in carriers. Given that up to 9% of European pa-
tients carry a DPD gene variant that decreases activity, 
and that DPD is completely lacking in approximately 
0.5% of patients, the European Medicines Agency (EMA) 
has recommended testing all patients for DPD deficiency 
prior to systemic treatment with the FU-containing drugs 
5-FU, capecitabine, and tegafur [1].

This article is an English translation of a consensus 
position paper including recommendations on the test-
ing for DPD gene variants originally published in Ger-
man in June 2020 by the Deutsche Gesellschaft für Häma-
tologie und Medizinische Onkologie in cooperation with 
the following societies and working groups: Deutsche Ge-
sellschaft für Humangenetik, Arbeitsgemeinschaft Inter-
nistische Onkologie, Deutsche Gesellschaft für Klinische 
Pharmakologie und Therapie, Deutsche Gesellschaft für 
Gastroenterologie, Verdauungs- und Stoffwechselkrank-
heiten, Deutsche Gesellschaft für Senologie, Deutsche 

Gesellschaft für Gynäkologie und Geburtshilfe, Arbeits-
gemeinschaft Gynäkologische Onkologie, Deutsche Ge-
sellschaft für Hals-Nasen-Ohrenheilkunde, Deutsche 
Gesellschaft für Mund-Kiefer-Gesicht-Chirurgie, Berufs-
verbund der Niedergelassenen Hämatologen und Onkol-
ogie in Deutschland, Österreichische Gesellschaft für Hä-
matologie und Medizinische Onkologie, Arbeitsgemein-
schaft der Hämatologen und Onkologen im Krankenhaus, 
and Schweizerische Gesellschaft für Medizinische Onkol-
ogie.

FU, Capecitabine, Tegafur

5-FU is an antimetabolite from the substance class of 
fluoropyrimidines. It was synthesised for the first time in 
1957 [2] and has been used in oncology since 1958 [3, 4]. 
5-FU is converted on administration into the active me-
tabolites FdUMP (fluorodeoxyuridine monophosphate), 
FdUDP (fluorodeoxyuridine diphosphate), and FdUTP 
(fluorodeoxyuridine triphosphate). The central mecha-
nism of action of 5-FU is the inhibition of thymidylate 
synthase (TYMS) by FdUMP. TYMS plays a central role 
in the folate-homocysteine cycle as well as purine and py-
rimidine synthesis. FdUDP and FdUTP may be incorpo-
rated in RNA and DNA as pyrimidine analogues and in-
hibit cell division. 

5-FU is on the WHO Model List of Essential Medi-
cines. Systemic, intravenous administration of 5-FU is 
authorised for the treatment of patients with advanced 
colorectal cancer, gastric cancer, pancreatic cancer, and 
advanced or metastatic breast cancer. 5-FU is also stan-
dard treatment for patients with localised colon, rectal, 
gastric and pancreatic cancer, advanced oesophageal can-
cer, cancer of the head and neck, and other, rarer tumour 
entities, at both localised or advanced stages [5, 6].

The 2 oral prodrugs capecitabine and tegafur, which 
also hold marketing authorisations in Germany, Austria, 
and Switzerland, were developed from 5-FU. Once ab-
sorbed, they are metabolised to 5-FU in the liver. 
Capecitabine is authorised for the treatment of patients 
with localised colon cancer, advanced colorectal cancer, 
abdominal cancer, and breast cancer. It is also standard 
treatment for patients with localised rectal cancer in com-
bination with radiotherapy, patients who fail to achieve 
pathologically complete remission following neoadju-
vant chemotherapy for triple-negative breast cancer, and 
for other 5-FU-sensitive cancers [5, 6]. Tegafur is autho-
rised for use in a fixed combination with gimeracil and 
oteracil (Teysuno®) in the treatment of patients with ad-
vanced gastric cancer. 

A 5-FU ointment formulation is also available. This is 
authorised for topical treatment of patients with solar and 
senile keratosis, Bowen’s disease, single or multiple super-
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ficial basal cell carcinomas, and pre-malignant growths on 
irradiated skin. There have been isolated reports of symp-
tomatic neutrophilic leukopenia and characteristic neuro-
logic side effects following topical treatment with 5-FU [7] 
and these are also cited in the Summary of Product Char-
acteristics. The Pharmacovigilance Risk Assessment Com-
mittee (PRAC) has excluded this drug from its recommen-
dations on pre-emptive testing on the grounds that it has 
low systemic efficacy when administered topically. 

The antimycotic flucytosine also belongs to the sub-
stance class of FU-containing fluoropyrimidines. It is au-
thorised for treatment of patients with systemic candidia-
sis, cryptococcal meningitis, and chromoblastomycosis. 
The latest Guidelines of the Infectious Diseases Working 
Party (AGIHO) of the German Society of Haematology 
and Oncology (DGHO) currently only recommend flu-
cytosine for the treatment of infections with Cryptococcus 
neoformans in combination with liposomal amphotericin 
B [8]. The EMA has also excluded flucytosine from its 
recommendations on pre-emptive testing, whilst empha-
sising the need for urgent, immediate treatment. Regular 
drug monitoring is recommended for treatments with 
flucytosine. Treatment with flucytosine is contraindicat-
ed in patients with known complete DPD deficiency. 

FU-Related Toxicity

5-FU, capecitabine, and tegafur are relatively well tol-
erated by many patients. Around 30% of severe toxicity 
reactions (WHO grade 3–4), particularly diarrhoea, mu-
cositis, hand/foot syndrome, myelosuppression with pro-
found and persistent neutropenia, as well as neurotoxic-
ity, can be explained by DPD deficiency [9–11]. Mortal-
ity rates are 0.2–1% [12–15]. Other common side effects 
are anorexia/nausea/vomiting, alopecia, hyperuricaemia, 
and elevated liver enzymes. Cardiotoxicity, including 
ECG changes, coronary artery spasm, and myocardial 
damage, is less frequently observed in a range of 1–10% 
of treated patients. However, given the frequent use of 
5-FU derivatives it needs special consideration and sur-
veillance.

There are a number of risk factors for individual side 
effects from treatment with 5-FU. These may be genetic 
or non-genetic. Non-genetic factors include the dosage, 
duration of administration, biomodulation by folinic 
acid, co-medication, and age [16, 17]. Genetic factors in-
clude female sex and variants of the 5-FU-metabolising 
enzymes. DPD plays a central role here as first described 
as early as 1988 [18]. Other potential roles are played by 
TYMS as the central pharmacological substrate of 5-FU 
and methylene tetrahydrofolate reductase (MTHFR), 
which is crucial in the synthesis of the folate cofactor, a 
TYMS inhibitor. 

The known complete lack of DPD activity is a long-
standing contraindication for treatment with drugs con-
taining FU. A recently published “real-life” study from 
France calculated that 76,200 patients a year receive che-
motherapy with fluoropyrimidine, 1,200 of whom suffer 
from life-threatening toxicity, with 150 patient deaths per 
year [19].

Recommendations of the EMA, April 2020

The EMA conducted a review of the evidence on “new 
testing and treatment recommendations for FU, 
capecitabine, tegafur and flucytosine” initiated on March 
31, 2019 at the request of the French Medicines Agency 
(Agence Nationale de Sécurité du Médicament et des 
produits de santé; ANSM). The EMA recommends [1]: 

 − Testing of patients for DPD deficiency prior to starting 
treatment with FU by injection or infusion, 
capecitabine, and tegafur. This can be done by:

• Measuring uracil levels, or 
• By checking for the presence of certain polymorphisms 

(mutations) in the gene for DPD.
 − Patients with a known complete DPD deficiency must 

not be given FU by injection or infusion, capecitabine 
or tegafur, or flucytosine. 

 − For patients with a partial DPD deficiency, a reduced 
starting dose of these drugs should be considered; sub-
sequent dose escalation is permitted if there are no se-
rious side effects, and regular monitoring of FU blood 
levels in patients receiving FU by continuous infusion 
could improve the treatment outcome. 
This recommendation does not apply to treatment for 

severe fungal infections with flucytosine (another medi-
cine related to FU) since treatment should not be delayed. 
Patients treated with topical FU do not need to be tested 
for DPD deficiency. 

The EMA’s recommendations have been adopted by 
the Federal Institute for Drugs and Medical Devices 
(Bundesinstitut für Arzneimittel und Medizinprodukte; 
BfArM) [20].

Predicting FU Toxicity

Phenotype
There are a number of laboratory tests for identifying 

patients with a DPD deficiency: 
 − Measurement of uracil in plasma 
 − Measurement of DPD/TYMS activity in mononuclear 

cells 
 − Measurement of the physiological dihydrouracil/ura-

cil ratio (UH2/U) in blood, urine, or saliva 
 − Measurement of UH2/U following a test dose of uracil 
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There areis no data from large prospective or meta-
analytical studies that use the different laboratory tests 
with clinical endpoints in patients before and during che-
motherapy containing 5-FU. The data available to date 
from 3 prospective studies and from other cohort studies 
can be summarised as follows [10]: 

 − Measurement of uracil in plasma is a predictor of 
capecitabine-related toxicity [21]. Uracil concentra-
tion > 16 ng/mL is predictive of CTC-AE grade 4 tox-
icity. The percentage of patients with this uracil con-
centration is approximately 3%. 

 − There is a pronounced between-subject variability 
and circadian rhythm in DPD enzyme activity [22]. 
There are no data from prospective studies on the cor-
relation with 5-FU-related toxicity. DPD activity in 
mononuclear cells correlates with uracil concentra-
tion.

 − The results of uracil plasma measurement are compa-
rable with those from measurements of the UH2/U 
plasma ratio [23]. Measurement of the uracil plasma 
concentration is superior to the UH2/U plasma ratio 
measurement in predicting toxicity [21]. 
Measurement of uracil, UH2/U ratio, or DPD enzyme 

activity is currently not a standard procedure in Germa-
ny prior to treatment with drugs containing FU. Mea-
surement of DPD enzyme activity in leukocytes has been 
adopted in the Netherlands as an alternative method to 
genotyping [24]. 

Genotype

Testing for DPD Variants
Intracellular metabolisation is central to the efficacy 

and also the toxicity of 5-FU. Only a small fraction of 
the administered dose is converted to the active metab-
olites FdUMP, FdUDP, and FdUTP; 80–90% is very 
rapidly converted by the DPD into the inactive metabo-
lite 5,6-dihydro-5-FU. Physiologically, DPD acts as a 
central enzyme to the catabolism of the pyrimidine bas-
es uracil and thymidine. DPD shows high expression in 
the liver. In blood cell components, the highest level of 
DPD is found in monocytes followed by that in lympho-
cytes, granulocytes, and platelets. No significant activity 
is detected in erythrocytes [25]. Pharmacological block-
ing of DPD increases the intracellular concentration of 
5-FU and increases the active metabolite rate. It forms 
the basis for combination therapies with folinic acid ad-
ministered by bolus injection prior to the infusion of 
5-FU. 

DPD deficiency is a rare disease inherited in an auto-
somal recessive manner. Clinical presentation is very 
variable, ranging from no symptoms to symptoms in ear-
ly childhood with microcephaly and severe neurological 
symptoms with motor and mental retardation [26–28]. 
Genetic aberrations in the DYPD gene and genetically 
induced aberrations in the transcript were described for 
the first time in 1995 and 1996, respectively, as the cause 
of elevated, 5-FU-induced toxicity [29, 30]. 

Table 1. Nomenclature of more frequent, functionally relevant DPYD variants [11]

Description 
(allele variant)

rsID1 Nucleotide sequence/
amino acid sequence2

Enzyme 
activity3

Allele 
frequency4

Carrier with >1 
allele variant, %4

Toxicity5

Wild-type 1 –

*2A rs3918290 c.1905+1G>A
Exon14
Skipping 

0 0.006 0.9–1.5 2.9 (1.8–4.6)

*13 rs55886062 c.1679T>G
I560S 

0 0.001 0.1–0.2 4.4 (2.1–9.3)

rs67376798 c.2846A>T 
D949V 

0.5 0.007 1.1–1.5 3.0 (2.2–4.1)

B3 haplotype rs75017182
in full linkage disequilibrium 
with this intron variant6 
rs56038477

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

0.5 0.022 4.3–4.7 1.6 (1.3–2.0)

1 According to the SNP (single nucleotide polymorphism) database. 
2 Sequence variant nomenclature. 
3 Schematic classification, see Table 2. 
4 In Caucasians. 
5 Relative risk of severe toxicity during FU treatment; the confidence interval is shown in parentheses. 
6 These variants are always found together (haplotype).
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DPD is encoded by the DPYD gene. It has been mapped 
to chromosome 1p21.3 and contains 23 coding exons 
(transcript variant 1) [31]. Around 160 allelic variants 
have been published to date. They may affect the protein 
sequence or RNA splicing. The gnomAD browser con-
tains over 2,000 DPYD variants. The majority of these do 
not affect enzyme function. There is a genotype-pheno-
type correlation for some variants. However, the DPD 
phenotype is affected by other factors [16, 32, 33]. It is 
now accepted practice [11, 24] to score the metabolic ac-
tivity of DPD on a scale from 0–2 (Table 1).

The polymorphism of greatest relevance for 5-FU me-
tabolisation is DPYD*2A (c.1905 + 1G>A; IVS14 + 1G>A; 
rs3918290). The variant eliminates the splice acceptor site 
of exon 14, leading to skipping of the exon comprising 
165 base pairs, which results in a truncated protein that is 
functionally inactive. Homozygosity for DPYD*2A is re-
sponsible for around half of severe DPD deficiencies. 
DPYD*13A (c.1679T>G; rs55886062) has a similarly del-
eterious effect on DPD activity in homozygotes. This mis-
sense variant in exon 13 leads to Ile560Ser amino acid 
substitution and an inactive protein, but is much rarer. 
Heterozygosity for 1 of these 2 variants reduces gene ac-
tivity as does compound heterozygosity with another mu-
tation (c.2846A>T or c.1129–5923C>G). 

These statements on the frequency of DPD variants 
relate to individuals of European descent (Caucasians) 
but not to Asian or African ethnicities. The DPYD variant 
Y186C (c.557A>G) is frequently associated with critical 
toxicity in individuals of African descent. Table 2 sum-
marises the 2 weakest allele activities in one total score 
and uses this to derive recommended doses [11, 24].

5-FU Dose by DPYD Genotype and Toxicity 
Reduction
The current recommendations on reducing FU-in-

duced toxicity are mainly based on studies from the Neth-

erlands. A prospective study of 2,038 patients found the 
heterozygous DPYD genotype *2A in 22 (1.1%) patients 
[34]. A 50% reduction in the originally planned fluoropy-
rimidine dose (intravenous 5-FU or capecitabine) re-
duced the rate of FU-related CTC-AE grade ≥3 toxicity 
to 28%. This put it within the range of the FU-related 
toxicity rate in wild-type DPYD*2A patients (23%) and 
significantly lower than historic levels in 51 DPYD*2A 
heterozygous patients (73%). The FU-induced mortality 
rate was reduced from 10 to 0% by genotype-guided dose 
reduction. 

In another analysis, 1,103 patients were screened for 4 
different genotypes (DPYD*2A, c.1679T>G, c.284A>T, 
c.1236G>A) [35]. Heterozygous DPYD variants were 
found in 8% of patients. A genotype-guided FU dose re-
duction of 25–50% (*2A or *13 to 50%, c.284A>T or 
c.1236G>A by 25%) led to a significant reduction in tox-
icity compared with historical controls with a relevant 
risk of 1.31–4.00 depending on the genotype. Four pa-
tients (0.36%) were homozygous or compound heterozy-
gous and did not receive fluoropyrimidine. No treat-
ment-related deaths were recorded. 

Additional analyses demonstrated that the genotyping 
is cost-efficient [34, 36, 37]. In Switzerland both DPD 
testing of the 4 established DPYD variants and 5-FU ther-
apeutic drug monitoring (TDM) are included as standard 
under the Swiss basic health insurance scheme.

Testing for Other Genetic Variants
Genetic variants of TYMS and MTHFR, as well as oth-

er genes such as miR-27a, may affect the response to 5-FU 
and toxicity [38–40]. As yet there are insufficient large-
scale prospective clinical trials for the identification of 
singular variants or a set of genetic variants which could 
be used for clinical treatment as well as (ideally) unam-
biguous validation of prior results. 

Table 2. Predicting DPD phenotype based on the 2 weakest allele activities [11]

Genotype Activity score

Not carrier of decreased function/no function DPYD variant (*1/*1) 2.0

Heterozygous carrier of decreased function DPYD variant (*1/c.1236G>A or *1/c.2846A>T) 1.5

Heterozygous carrier of no function DPYD variant (*1/*2A or *1/*13) 1

Carrier of two decreased function DPYD variants (e.g., *1/c.1236G>A and *1/c.2846A>T) or 
Carrier of one reduced function DYPD variant and one no function variant (combination of c.1236G>A or 
*1/c.2846A>T with *2A or *13, such as c.2846A>T) 

0.5*

Homozygous carrier of no function DPYD variant (*2A/*2A; *13/*13) or 
Heterozygous carrier of two no function DPYD variants (*2A/*13)

0

The activity score of 0.5 is not always reliable and requires additional phenotyping [24].
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Therapeutic Drug Monitoring

TDM is an additional option for optimising person-
alised treatment with FU [41]. It is based on the measure-
ment of plasma levels during continuous infusion of 
5-FU. The results, including those from medical care in 
Germany, indicate high variability of plasma levels [42]. 
Pharmacokinetics-guided adaptation of the 5-FU dose 
led to a significant increase in the remission rate and a 
reduction in CTC-AE grade 3/4 toxicity in a prospective 
randomised study of 208 patients with metastatic colorec-
tal cancer [43]. TDM during FU treatment is not yet an 
established option throughout Germany. It may provide 
a more cost-effective means for personalised treatment 
with drugs containing FU. It is particularly recommend-
ed in patients with high toxicity rates during treatment 
with FU that are not due to low DPD activity scores 
(Fig. 1). The standardisation of pre-analytic procedures is 

critical. It is essential that blood is drawn from a periph-
eral vein whilst continuous infusion with 5-FU is still on-
going (regardless of where the port system is placed [44]), 
generally after at least 18 h. Dose adjustment should fol-
low an established algorithm [45].

Diagnostic and Therapeutic Algorithm

Figure 1 summarises the recommendations for a diag-
nostic and therapeutic algorithm. They are based on the 
recommendations of the Clinical Pharmacogenetics Im-
plementation Consortium (CPIC), Guideline for Dihy-
dropyrimidine Dehydrogenase Genotype and Fluoropy-
rimidine Dosing: 2017 Update [11], Dutch Pharmacoge-
netics Working Group Guideline [24], and the 
recommendations of GPCOUnicancer and RNPGx from 
France [46]. 

Fig. 1. Diagnostics prior to treatment with FU and treatment recommendations. 1 The recommendations on the 
activity score-driven administration of tegafur are made by analogy with 5-FU and capecitabine without internal 
evidence specific to the latter drug. 2 Where toxicities persist even after the final dose, consideration is given to a 
reduction or starting treatment at full dosage. 3 Drug monitoring is only appropriate for 5-FU.
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These stipulate regular, targeted molecular diagnostics 
for the 4 most frequent DPYD gene variants. Patients 
must be appropriately informed by the treating physician 
in accordance with the German Genetic Diagnosis Act 
(GenDG; see below). An activity score can be calculated 
based on the genetic analysis as the basis for treatment 
recommendations (Table 2). This score and the dose re-
duction based on it were applied in a prospective study of 
85 patients with a DPYD variant [35]. This study is the 
basis for the treatment recommendations. Implementa-
tion of the treatment recommendations must be tailored 
to the individual disease situation and any alternative 
treatments that may be available. 

Complete avoidance of 5-FU or its prodrugs is recom-
mended in patients with a score of 0. An activity score of 
0.5 is not always reliable and requires additional pheno-
typing [24]. A reduction in the starting dose is recom-
mended in patients with scores of 1.0–1.5. Adjustment of 
subsequent dosing can be based on clinical and laboratory 
toxicity. A quicker and more reliable option is pharmaco-
logical measurement of the area under the curve (AUC) of 
5-FU after initial treatment with drugs containing 5-FU. 
This can be used as a basis for establishing 5-FU doses in 
subsequent treatment cycles. Since DPD activity has high 
inter-subject variability, measurement of the AUC is the 
only way of detecting an underdose of 5-FU. It was dem-
onstrated using a commercial test that administering 
5-FU doses by body surface area leads to underdosing in 
up to 60% of patients [42, 43]. This approach cannot be 
used to avoid very high toxicity occurring when first ad-
ministered in patients with a DPD activity score of 0. 

Information: Genetic Counselling

Molecular gene testing for DPYD variants constitutes 
genetic testing within the meaning of the GenDG, the 
method as defined in Section 3(2b) being a study of the 
molecular structure of DNA and RNA, and the content as 
defined in Section 3(7) being clarification of whether 
there are genetic properties that might affect drug effi-
cacy. As such, it must meet the following requirements 
under the Act: 

 − Information (Section 9)
 − Consent (Section 8)
 − Examination by a qualified physician (Section 7)
 − Communication of results (Section 11)

The diagnostic genetic test is used on a case-by-case 
basis for pharmacogenetic purposes to optimise the drug 
treatment. Patients must receive information on the study 
from a qualified physician, although the latter does not 
need to have dedicated competence in genetic counselling 
such as subject-specific genetic counselling [47]. The 
German Gene Diagnostics Commission (Gendiagnostik-

kommission; GEKO) has published guidelines on assess-
ing the importance of genetic properties for drug efficacy 
during treatment under the GenDG [47]. DPYD variants 
are classed as “very important” pharmacogenetic vari-
ants. 

If a clinically relevant DPD variant is identified, ge-
netic counselling must be offered to the patient in accor-
dance with Section 10, paragraph 1, sentence 2 of GenDG. 
The patient may refuse to receive genetic counselling fol-
lowing test results; such refusal must be documented in 
writing. 

If genetic counselling is required following test results, 
such counselling may only be provided by a specialist in 
human genetics or a physician eligible under the GenDG. 
Genetic counselling is not required in Switzerland for 
pharmacogenetic tests listed on the Swiss List of Analyti-
cal Tests of the Swiss Federal Office of Public Health 
(Bundesamt für Gesundheit). 

Studies

The above measures should be followed in new clinical 
studies with drugs containing FU. 

Conclusion and Recommendations

EMA has recommended testing all patients for DPD 
deficiency prior to systemic treatment with FU-contain-
ing drugs. This recommendation is already included in 
the Summary of Product Characteristics for these drugs. 
Scientific medical associations from Germany, Austria, 
and Switzerland have developed the following proposals 
for implementing this recommendation:

 − Patients should be tested for the 4 most common ge-
netic DPYD variants before treatment with drugs con-
taining FU. These are, relative to DPYD transcript 
variant 1:

• DPYD*2A (c.1905 + 1G>A; IVS14 + 1G>A; rs3918290)
• DPYD*13 (c.1679T>G; rs55886062)
• c.2846A>T polymorphism (rs67376798) and 
• B3 haplotype (c.1236G>A; c.1129–5923C>G).

 − The results of genetic testing form the basis for a dif-
ferentiated, risk-adapted algorithm with recommen-
dations for treatment with drugs containing FU 
(Fig.  1). Genetic testing may optionally be supple-
mented by therapeutic drug monitoring.

 − Implementation of the treatment recommendations 
must be tailored to the individual disease situation and 
any alternative treatments that may be available.

 − Testing must be conducted under quality assurance 
conditions. Results should be available within a week. 
Test results are predictive for the implementation of 
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planned chemotherapy and are therefore a mandatory 
component of personalised treatment planning.

 − An alternative to genetic testing is pre-treatment de-
tection of uracil in plasma and/or measurement of 
DPD activity in leukocytes, although the evidential ba-
sis for this procedure is less extensive than for DPD 
gene diagnostics.
The recommendations on personalised administra-

tion of drugs containing FU can reduce the risk of severe 
and life-threatening side effects from treatment with FU 
in a small subgroup of patients and should be integrated 
into the treatment of such patients within the guidelines, 
without delaying the treatment process. Molecular gene 
testing for DPYD variants constitutes diagnostic testing 
within the meaning of Section 3(7) of the GenDG, and as 
such can only be performed after patients have been fully 
informed by a physician and their consent has been ob-
tained. DPYD variants are classed as “very important” 
pharmacogenetic variants under the German Commis-
sion on Genetic Testing (GEKO) classification.
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