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5-FU Metabolismus
DPYD Varianten



o DPYD*2A (c.1905+1G>A; IVS14+1G>A; rs3918290)

o DPYD*13 (c.1679T>G; rs55886062)

o Polymorphismus c.2846A>T (rs67376798) und

o HaplotypB3 (c.1236G>A; c.1129-5923C>G).

5-FU Metabolismus
DPYD*2A

~ 160 Varianten



Bezeichnung

(Allelvariante)

rsID1 Nukleotid-sequenz/ 
Aminosäure-Sequenz2

Enzymatische 
Aktivität3

Allel-frequenz4 Träger mit >1 
Allelvariante

in %4

Toxizität5

Wildtyp 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)

Haplotyp B3 rs75017182

im vollständigen 
Kopplungs-
ungleichgewicht 
mit dieser 
intronischen 
Variante6

rs56038477

c.1129-5923C>G

c.1236G>A

0,5 0,022 4,3 - 4,7 1,6

(1,3-2,0)

5-FU Metabolismus
DPYD Genotyp – Phänotyp - Korrelation



Genotyp Score der Aktivität
kein Träger einer DPYD-Variante mit verminderter oder fehlender Funktion

(*1/*1)

2.0

Heterozygoter Träger einer DPYD-Variante mit verminderter Funktion

(*1/c.1236G>A oder *1/c.2846A>T)

1,5

Heterozygoter Träger einer DPYD-Variante mit fehlender Funktion

(*1/*2A oder *1/*13)

1

Träger von zwei DPYD-Varianten mit verminderter Funktion (z. B. *1/c.1236G>A und

*1/c.2846A>T) oder

Träger einer DPYD-Variante mit reduzierter Funktion und einer Variante mit fehlender Funktion

(Kombination von c.1236G>A oder *1/c.2846A>T mit *2A oder *13, also z. B. c.2846A>T)

0,5*

Homozygoter Träger einer DPYD-Variante mit fehlender Funktion (*2A/*2A; *13/*13)

oder

Heterozygoter Träger von zwei DPYD-Varianten mit fehlender Funktion (*2A/*13)

0

5-FU Metabolismus
DPYD Genotyp – Phänotyp - Korrelation



Deenen 2015

5-FU Metabolismus
DPYD Varianten

Patienten n=2038
DPYD*2A heterozygot n=22 (1.1%)

Ergebnis DPYD*2A DPYD*2A DPYD2*A p-Wert 
Wildtyp Dosis adaptiert nicht adaptiert
(n=1613) (n=22) (N=51)

Grad 3 Toxizität 23% 28% 73% <.001

Tod 0% 10% .19



Hendricks 2018

5-FU Metabolismus
DPYD Varianten

Patienten 1103

DPYD Varianten 85

DPYD Variante
N=85 Dosisreduktion

DPYD*2A 50%

c.1679T>G 50%

c.2846A>T 25%

c.1236G>A 25%



Hendricks 2018

5-FU Metabolismus
DPYD Varianten
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Frühere Therapie

erhöhte Toxizität keine erhöhte Toxizität

Genetische Testung auf DPYD Varianten

*2A, *13, c.2846A>T, Haplotyp B3



Uracil im Plasma

Alternativ vor Therapie 
mit Capecitabin

>16 ng/mL



Therapie wie geplant

Genetische Testung auf DPYD Varianten

*2A, *13, c.2846A>T, Haplotyp B3

Aktivitätsscore1

2 (normal)1,5 1,0 0,530
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ggf. Drug Monitoring3

Initialdosis von 
5-FU oder Prodrugs

um 25-50% reduzieren,

gefolgt von

toxizitätsadaptierter
Dosissteigerung,

ggf. Drug Monitoring3



Predicting Fluorouracil Toxicity: Can We Finally
Do It?
Hany H. Ezzeldin and Robert B. Diasio, Mayo Clinic Cancer Center, Rochester, MN

Currently, no reliable markers of sensitivity or resistance to flu-
orouracil (FU) have been validated to permit their use as a standard of
care for the management of patients with cancer, despite the large
number of studies attempting to identify useful molecular predictors
of response to treatment. This may be attributed to the complexity of
the involved molecular events and/or incomplete understanding of
the role of downstream cell signaling pathways in response to chem-
otherapy-induced stress. In addition and most important is the lack of
a comprehensive, well-designed, standardized molecular approach
that could evaluate all of these events.1 To date, the majority of iden-
tified predictive markers of response to FU in patients with cancer
have been at relatively upstream levels of drug metabolism (eg, dihy-
dropyrimidine dehydrogenase [DPD] enzyme), drug target (eg, thy-
midylate synthase enzyme [TYMS]), and DNA repair pathways. The
fact that molecular events might have overlapping or antagonistic
function and could possibly be activated after chemotherapy-induced
stress renders the use of a single marker of response unlikely in the
prediction of outcome.1 Because early detection of patients with can-
cer who are at risk of developing life-threatening toxicity to FU might
allow dose reductions or selection of an alternative treatment regimen,
various genotypic and phenotypic methods have been developed to
predict toxicity and/or response. None, however, has proven to be
reliable in prospective clinical studies, demonstrating a great margin
of uncertainty.

In the study by Schwab et al2 in the current issue of the Journal
of Clinical Oncology, the authors have examined a few of the previ-
ously suggested markers of FU toxicity in a large, albeit diverse
group of patients. The experimental design focused on an examina-
tion of only a few sequence variants in three selected genes (DPYD, the
gene that encodes DPD enzyme; TYMS; and methylene tetrahydrofo-
late reductase [MTHFR]), coupled with nongenetic factors (sex and
diet) previously suggested to be associated with severe toxicity from
FU. Although the use of pharmacogenetic methods in the risk evalu-
ation of patients undergoing chemotherapy is to be commended,
without a comprehensive approach in which all of the key regulatory
mechanisms and drug targets are also evaluated, there is a risk of
oversimplification and misinterpretation. Given the nomogram pro-
posed in the study by Schwab et al, 2 to estimate the probability that a
given patient will develop toxicity, the question arises whether the
experimental approach to predict toxicity in such a diverse group of
cancer patients (colon cancer, other gastrointestinal tumors, cancer of
unknown origin, and breast cancer) can be expected to have reliable

true predictive value with the limited number of selected genetic/
nongenetic parameters.

Clinical studies, prospectively using genetic tests to predict FU
toxicity, have raised numerous concerns because of the lack of inclu-
sion of important factors that could contribute to FU toxicity. This has
highlighted the necessity of a thorough re-evaluation of the parame-
ters used (genetic/nongenetic) in screening tests to decrease the inci-
dence of false positive or negative predictions. For example, on the
catabolic side of FU metabolism, routine detection of DPD deficiency
in patients with cancer likely to undergo FU therapy has been
examined.3-6 However, DPD deficiency has been observed in a rela-
tively small percentage of patients with grade 3 to 4 FU toxicity,3,7

leaving a large number of patients with an unexplained molecular
basis of toxicity. Although the assessment of DPD activity is informa-
tive about the likelihood of DPD deficiency, and a few DPYD alleles
(eg, DPYD*2A4 and DPYD*138) have been associated with decreased
DPD activity, DPD deficiency has also been detected in patients with
wild-type DPYD.9 Scientific evidence supporting the role of epigenetic
mechanisms, mainly methylation, in regulating DPD enzyme activity
has been observed in a subset of patients who had no sequence abnor-
malities in their DPYD gene.9 In these patients (in contrast to the
findings by Schwab et al2), the regulatory elements in the DPYD
promoter region were methylated,9 suggesting that genetic and epige-
netic mechanisms could act separately or in concert to downregulate
DPD activity. Recently, it has been reported that individuals with
mutations in genes downstream of DPD (dihydropyrimidinase
[DHP]10 and beta-ureidopropionase [BUP1]11,12) had altered activity
of these two enzymes, which resulted in impairment of the uracil
catabolic pathway.10,12 This finding is supported by a recently devel-
oped uracil breath test13 that evaluates the integrity of the entire
catabolic pathway (DPD, DHP, and BUP1 enzymes). Although the
frequency of deficiency in DHP and BUP1 enzymes has been previ-
ously reported to be low,6,14,15 recent studies suggest that both might
occur more frequently than previously believed.10,12

On the anabolic side of FU metabolism, there is also complexity
owing to both the multiple enzymatic steps (eg, orotate phosphoribo-
syl transferase1,16 thymidine phosphorylase,1 and uridine phosphory-
lase,17 and thymidine kinase17,18) that must convert FU to FU
nucleotides and the multiple sites of action (TYMS inhibition, incor-
poration into DNA and RNA). In the present article, the authors2 have
neglected other genes important for FU anabolic activity as well as
other sites of action and have chosen to examine only selected muta-
tions in TYMS, the variable number tandem repeats at the 5!UTR and
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Is It Finally Time for a Personalized Medicine
Approach for Fluorouracil-Based Therapies?
Steven M. Offer and Robert B. Diasio, Mayo Clinic, Rochester, MN

See accompanying article on page 227

At present, implementation of pretreatment genotypic tests to
individualize fluorouracil (5-FU)-based chemotherapy is limited
despite a wealth of evidence demonstrating that individuals who carry
certain variants of the dihydropyrimidine dehydrogenase (DPD) gene
(DPYD) are at significantly greater risk of experiencing severe and
potentially lethal adverse toxicity (grade $ 3) when receiving treat-
ment with standard dosages of 5-FU. The DPYD *2A variant—also
known as rs3918290, NM_000110.3:c.190511G.A, and DPYD:
IVS14_1G.A—has been reproducibly shown to result in a catalytic
inactive form of DPD using a variety of methods, including the study
of patient-derived clinical specimens1 and through direct in vitro study
of the variant form of the protein.2 Despite strong evidence linking this
variant to toxicity, and themounting evidence linking additionalDPYD
variants to toxicity, the US Food and Drug Administration and the
European Medicines Agency do not currently require pharmacoge-
nomics testing before 5-FU administration.3 Both agencies, however,
do recommend the use of alternative drugs in individuals with known
DPD deficiency. Scientific groups, such as the Clinical Pharmacoge-
netics Implementation Consortium and the Dutch Pharmacogenetics
Working Group, provide regularly updated gene and drug clinical
practice guidelines to help to translate research results into
actionable treatment decisions for various drugs, including 5-FU,
on the basis of peer-reviewed pharmacogenetic information.4-6

Much of the information from these groups is disseminated by the
Pharmacogenomics Knowledgebase, an actively updated, online
resource for dosing guidelines, drug labels, and potentially action-
able gene-drug and genotype-phenotype relationships.7 However, it
should be noted that the goal of these groups and online tools is not
to direct which tests should be ordered, but, rather, to assist with the
integration of test results into the decision-making process.

In the article accompanying this editorial, Deenen et al8

provide evidence that supports the implementation of genotypic
testing forDPYD variants before administration of the 5-FU prodrug,
capecitabine. In their study, heterozygous participants who carry the
DPYD *2A variant were treated with a reduced dose of capecitabine,
whereas noncarriers received the full standard dose. Although strict
dosage rules were not implemented, the initial dose administered to
*2A carriers averaged less than one-half of the calculated standard
dose. Additional dose adjustments were made by the treating physi-
cians in subsequent treatment cycles on the basis of measured toxicity
and previous experience. Overall, of the 18 participants who carried
the *2Avariant and who received therapy, only five participants (28%)

experienced grade$ 3 adverse toxicity with this strategy. This rate was
far lower than the historical mean of grade $ 3 toxicity observed in
individuals who carry the *2A variant (73%), according to a literature
review conducted by the authors, and was similar to the rate of severe
toxicity observed in noncarriers of *2A in the study by Deenen et al8

(23%). This toxicity estimate is also consistent with values recently
reported for *2A carriers in the NCCTG N0147 colon cancer
study—one of the largest studies to date—in which 88% of partic-
ipants (22 of 25 participants) who carry *2A experienced grade$ 3 5-
FU–related toxicity.9 The results presented by Deenen et al8 are an
encouraging step toward the therapeutic individualization of 5-FU;
however, additional validation studies are warranted as only 18 carriers
of *2A were studied in this report. Furthermore, although this study
was able to evaluate toxicity after the administration of a reduced dose
of 5-FU, only limited data pertaining to the therapeutic efficacy of this
reduced dose was available for inclusion in the report. Additional long-
term follow-up studies will be necessary to determine what effect the
reduced dose has on efficacy outcomes.

Previous studies have demonstrated the validity of DPYD *2A
as a predictive marker of adverse toxicity to treatment with
5-FU.9-12 Additional strong evidence exists that links two missense
DPYD variants, rs55886062 (encoding p.I560S, also known as *13)
and rs67376798 (encoding p.D949V), with severe 5-FU
toxicity.4,11-15 A haplotype termed DPYD HapB3, consisting
of three intronic single nucleotide polymorphisms (SNPs;
rs56276561, rs6668296, and rs115349832) and one exonic syn-
onymous SNP (rs56038477), has also shown evidence of associ-
ation with adverse 5-FU toxicity.16-18 Although additional studies
have failed to confirm this association,12,19 it should be noted that
these two studies did not evaluate the entire haplotype, and,
therefore, the results may not be directly comparable to the other
studies. Individuals who carry an additional DPYD variant,
rs115232898 (encoding p.Y186C), were shown to have significantly
decreased DPD enzyme activity in peripheral blood cells,20 and
recombinant expression of DPD containing p.Y186C showed
decreased enzyme activity in vitro.21 Two cases of toxicity in
individuals who carry the rs115232898 variant have additionally
been detailed in the literature.22,23 This variant seems to be absent
in European haplotypes, but enriched in certain African hap-
lotypes,20 which highlights the need for additional studies of
DPD deficiency and 5-FU toxicity in diverse populations. A small
number of rare, loss-of-function DPYD variants (ie, nonsense
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