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ABSTRACT

Pharmacogenetics investigates the molecular basis
of inter-individual differences in drug metabolism
and response. Sequence variations in genes encod-
ing for metabolic enzymes may influence drug's phar-
macokinetics and/or pharmacodynamics, resulting
in reduced efficacy and/or adverse drug reactions.
The dihydropyrimidine dehydrogenase (DPD) defi-

ciency is a clear example of how gene variants may
affect fluoropyrimidines metabolism, and its evalua-
tion has been recently recommended from regulato-
ry agencies for its implementations in clinical routine.
This review provides a summary of pharmacogenetic
research on DPD and fluoropyrimidines metabolism,
and its involvement in adverse drug reactions.
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INTRODUCTION

Fluoropyrimidines, including 5-fluorouracil (5-FU)
and its prodrug capecitabine (1), are the backbone
of chemotherapy regimens for treatment of solid
tumors, such as breast (2), colorectal (3), head and
neck (4), gastrointestinal (5) and pancreatic can-
cers (6). They can be used either alone or in combi-
nation with irinotecan, platin derivates, cyclophos-
phamide, epirubicin and monoclonal antibodies
(e.g., cetuximab and bevacizumab) (7-10).

Owing to the widespread use of these drugs, severe
fluoropyrimidine-associated toxicity have been re-
ported, including gastrointestinal toxicity (stoma-
titis, nausea/vomiting, diarrhea), skin toxicity (pig-
mentary abnormalities, conjunctivitis, hand-foot
syndrome [HFS], skin rashes and hair loss in severe
cases), haematological toxicity (neutropenia, leuco-
penia, anemia), and cardiac toxicity (arrhythmias
and cardiac ischemia) (11). Neurologic abnormali-
ties (cerebellar ataxia and changes in cognitive func-
tion) have also been reported in less than 1% of the
population (11, 12). These toxicities may be the re-
sponsible of delays in drug administration or even
treatment discontinuation, compromising its thera-
peutic benefit. Of note, capecitabine seems to dis-
play a different profile of toxicity compared to 5-FU,
being characterized by a better tolerability, but high-
er incidence of HFS (13). Its oral administration has
some advantages, particularly in patient's quality of
life, and for this reason its use is becoming more dif-
fuse in USA and Europe (14). Despite this, a number
of patients develop severe, life-threatening toxicity
due to fluoropyrimidine-related adverse events. Itis
well known that dihydropyrimidine dehydrogenase

IMPACT STATEMENT

Dihydropyrimidine dehydrogenase (DPD) is the ma-
jor responsible for fluoropyrimidines metabolism
and its deficiency may led to life-threatening tox-
icities. Although the frequency of DPD deleterious
variants is low, their screening is clinically relevant
to avoid severe toxicities or death in patients treat-
ed with fluoropyrimidine-based chemotherapy.
While for the most studied variants the dose reduc-
tion to apply is already well know, future researches
are necessary to understand the role of other DPD
mutations, including the c.2194G > A variant, for
which interest data have been recently published.

(DPD) deficiency is at the basis of this toxicity (15),
therefore, over the past years a growing number
of research addressed the clinical effects of genet-
ic variants in the DPD gene (DPYD), claiming their
screening as pre-emptive strategy in patients can-
didate to fluoropyrimidines treatment. This review
provides a summary of pharmacogenetic research
on DPD and fluoropyrimidines metabolism and its
involvement in adverse drug reactions, including
relevant information about clinical implementation
of DPD testing.

Fluoropyrimidines: metabolism and
mechanism of action

Over 80% of 5-FU is transformed to inactive me-
tabolites into the liver, and about 5% is the respon-
sible for the therapeutic effect (16). The DPD en-
zyme catabolizes the first step of 5-FU metabolism,
transforming the drug into the dihydrofuorouracil
(5-FDHU) metabolite. The 5-FDHU is converted to
fluoro-B-alanine (FBAL) by two additional enzymes,
the dihydropyrimidinease (DPYS) and the beta-urei-
dopropionase (UPB1) (17), to be lastly excreted by
the kidneys. The remaining 5-FU is converted direct-
ly or indirectly into fluorouridine monophosphate
(FUMP). The phosphorylation of FUMP leads to the
formation of FUTP or FAUDP, which is subsequently
phosphorylated or dephosphorylated into the active
metabolites FAUTP and FAUMP, respectively. FAUMP
inhibits the thymidylate synthase (TS), leading to the
inhibition of DNA replication (18) (figure 1).
Fluoropyrimidines, by acting as analogues of ura-
cil, are able to interfere with the DNA synthesis at
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Figure 1. Metabolic pathway of 5-fluorouracil (5-FU).

DPD, dihydropyrimidine dehydrogenase; 5-FDHU, dihydrofuorouracil; DHP,dihydropyrimidinease; UPB beta-ureidopropionase; F-b-AL, fluoro-b-alanine,
FdUDP, fluorodeoxyuridine diphosphate; FAUMP, fluorodeoxyuridine monophosphate; FAUTP, fluorodeoxyuridine triphosphate; FUDP, fluorouridine
diphosphate; FUDR, fluorodeoxyuridine; FUMP, fluoro-b-ureidopropionate; FUTP, fluorouridine triphosphate; TS, thymidylate synthase; dTMP, deoxythymidine

monophosphate; dUMP, deoxyuridine monophosphate.
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Figure 2. a. Schematic overview of fluoropyrimidine metabolisms and treatment related-toxicity in patients carrying wild-type; b.
heterozygous or ¢. homozygous clinically relevant variants for DPYD gene.

different levels: 1) the antifolate 5-fluorodeoxyuri-
dine monophosphate (5-FAdUMP) covalently binds
and inhibits TS, leading to a reduction of thymidine
synthesis and of the DNA molecule; 2) the 5-fluo-
rodeoxyuridine triphosphate (5-FdUTP) metabolite
can be directly incorporated into genomic DNA
causing damage; 3) the 5-fluorouridine triphos-
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phate (5-FUTP) can be directly incorporated into
genomic RNA causing damage (19).

DPYD variants conferring high risk for
fluoropyrimidines toxicity

There is a link between a DPD deficiency and the
occurrence of severe or life-threatening toxicity
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due to fluoropyrimidines treatment. Patients with
a significant DPD deficiency, receiving standard
dose of fluoropyrimidine result in overexposure
of 5-FU, with development of severe haematolog-
ical and gastrointestinal toxicities (20) (figure 2). In
these cases, the toxicity often occurs early after the
first cycles of chemotherapy and it is characterized
by grade 4 (WHO) symptoms and potentially death.
High-grade of diarrhoea, mucositis and neutrope-
nia are the most frequent reported side effects (21).
DPD enzyme is encoded by the DPYD gene (22),
which is located on the human chromosomal re-
gion 1p22, and is composed of 23 exons, spanning
950 Kbs (23). Over 90 among single nucleotide
polymorphisms (SNPs) and mutations, including
also deletion/insertion, have been described in the
DPYD gene, with relevant functional consequences
on enzymatic activity for some of them (20). The
most clinically relevant DPYD variants reported with
statistically significant association with severe toxic-
ity include: ¢.1236G > A (E412E; rs56038477, haplo-
type B3), DPYD*13 (rs55886062, c.1679T > G, 1560S),
DPYD*2A (rs3918290, c.1905 + 1G > A, IVS14 + 1G
> A), €.2846A > T (rs67376798, D949V) (24-26). Of
these variants, DPYD*13, DPYD*2A and c.2846A >
T have the most deleterious impact on DPD activity,
whereas ¢.1236G > A results in moderate reduction
of DPD activity and consequent toxicity (26, 27).

The frequency of reduced DPD activity in the
healthy population is estimated between 3-5% (28,
29). Indeed, a significant variability between ethnic
subgroups was observed, and data obtained from
phenotype and genotype analyses showed that
Asian (30-32), African (33), and Caucasian (34) pop-
ulation present DPD deficiency at variable rates.
DPYD*2Ais the most studied mutation of the DPYD
gene. It is associated with a significantly reduced
enzyme activity of 50% in heterozygous patients,
and a complete deficiency of enzyme activity in
homozygous subjects, causing a life-threatening
toxicity due to 5-FU accumulation (35). This splice
site mutation in intron 14 changes the invariant
junction donor site from G to A. As a result, a dele-
tion of the entire exon 14 occurs and the truncated
protein is catalytically inactive (36). Allele frequen-
cies of DPYD*2A have been described to differ
between ~ 0.1 and 1.0% in African-American and
Caucasian population, respectively (37-39). Simi-
larly, DPYD *13 and c.2846A > T substitution have
been reported to be associated with partial or total
loss enzyme activity, in heterozygous or homozy-
gous patients, respectively (24, 34, 40). DPYD*13 is

characterised by an Ile560Ser amino acid change
in the DPD binding domain, which lead to the dest-
abilization of the protein (22, 41). In vitro study by
Offer et al. showed that the homozygous expres-
sion of this variant resulted in a 75% reduction in
enzyme activity respect to the wild-type (36). Allele
frequencies of DPYD*13 were found to vary from
0.07 to 0.2% in the Caucasian population (38, 42).
DPYD ¢.2846A > T results in an Asp949Val amino
acid change localized near an iron-sulfur motif
(41). Homozygous expression of the c.2846A > T
variant results in 59% of activity compared to wild-
type (37). Reported allele frequencies of c.2846A >
T vary from 0.1 to 1.1% in African-Americans and
Caucasians, respectively (34, 37, 38, 42). The syn-
onymous variant ¢.1236G > A occurs in exon 11
and itis in complete linkage with haplotype B3 var-
iants (c.483 + 18G > A, ¢.680 + 139G > A, c.959-51T
> G and ¢.1129-5923C > @), resulting in a partial
non-functional transcript, ranging from 44 to 50%
of DPD activity for homozygous carriers (43, 44).
The frequency of heterozygous patients in Cau-
casian population was reported to vary between
2.6 and 6.3% (44-47). Recently, a new variant, the
DPYD*6 (rs1801160, c.2194G > A, p.V732l), has
been associated with 5-FU related toxicity (27).
Allele frequencies of DPYD*6 was found to vary
from 1 to 7% in Caucasians, Asians and African
Americans population (22, 48-50). However, con-
flicting results concerning the reduction of enzyme
activity of this DPD variant have been published
(36, 51, 52). Several studies published in literature
highlighted the correlation between 5-FU toxicities
and the above reported DPD variants (24, 38, 40,
53-57). A comprehensive pharmacogenetic analy-
sis on 5-FU toxicity was conducted by Rosmarin et
al. in 927 colorectal cancer patients enrolled in the
QUASAR? trial (55). The authors tested candidate
polymorphisms for their associations with capecit-
abine-dependent toxicity, including diarrhea, nau-
sea/vomiting, stomatitis, neutropenia, thrombocy-
topenia, and HFS. DPYD ¢.2846T > A and DPYD*2A
mutations were associated with capecitabine-re-
lated overall (= grade 3) toxicity with a significant
odds ratio of 5.51 (p = 0.0013) (55). Similarly, a me-
ta-analysis by Terrazzino et al. highlighted a strong
correlation between DPYD*2A and c.2846A > T
variants and the development of high-grade tox-
icities (odds ratio 5.42, p < 0.001) (40), confirming
the clinical validity of these SNPs as risk factors of
5-FU-related toxicities. A recent meta-analysis in-
volving 7365 cancer patients with severe toxicity
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related to 5-FU treatment (fluorouracil, capecit-
abine, or tegafur-uracil as single agents, in com-
bination with other anticancer drugs or radio-
therapy) showed that DPYD*13 and c.1236G > A/
HapB3 DPYD variants, in addition to DPYD*2A, and
C.2846A > T, were independent predictors of se-
vere gastrointestinal and haematological fluoropy-
rimidine-associated toxicity (24). Patients carrying
the DPYD*2A, c.1236G > A/HapB3, DPYD*13 and
€.2846A > T had a relative risk for toxicity of 2.9
(95%Cl: 1.8-4.6), 1.6 (95%Cl: 1.3-2.0), 4.4 (95%ClI:
2.1-9.3) and 3.0 (95%Cl: 2.2-4.1), respectively (24).
In contrast, in a study conducted on 603 cancer
patients treated with fluoropyrimidine-based
chemotherapy as neo-adjuvant/adjuvant or as
first-line setting, retrospectively tested for 8 DPYD
polymorphisms (c.496A > G, *2A, *4, *5, *6, *13,
c.1896 T > C, c.2846A > T), showed that the associa-
tion between DPYD*13 variant and severe toxicity
was not statistically significant, probably because
of the low frequency of the mutation (0.3%) (58).
However, the study found DPYD*2A and c.2846A >
T significantly associated to grade > 3 toxicity (p =
0.003, p=0.048), including neutropenia, diarrhea,
leukopenia, stomatitis and nausea/vomiting (58).
The retrospective DPYD analysis of the pharma-
cogenetic study of the TOSCA trial, evaluated 10
DPYD variants for their associations with high-
grade fluoropyrimidine-related adverse events in
colorectal cancer patients, undergoing adjuvant
fluoropyrimidine/oxaliplatin combination chemo-
therapy. The time-to-toxicity analysis highlight-
ed the contribution of the DPYD*6 (rs1801160,
€.2194G > A) variant to 5-FU toxicities, in particular,
neutropenia (59). Similarly, in a secondary analy-
sis of the PETACC-8 trial, the DPYD*6 was signifi-
cantly associated with high-grade adverse events
(60). Recently, also evaluated the role of 8 DPYD
variants (c.496A > G, ¢.1236G > A/HapB3, ¢.1601G
> A, c.1627A > G, DPYD*13, c.1896T > C, DPYD*2A,
DPYD*6, c.2846A > T) in a cohort of 1254 patients,
treated with fluoropyrimidine-containing regi-
mens. A significant association between DPYD*6
variant, in addition to DPYD*2A and c.2846A > T,
with gastrointestinal and hematological toxicities
was found. Moreover, the study compared the
DPYD variants found in the cohort of 982 patients
with toxicity, to a control group of 272 patients re-
ceiving standard doses of fluoropyrimidine-based
therapies, who had no dose reduction, delay or
discontinuation of therapy due to toxicity. The
association between the most frequent DPYD
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polymorphisms ¢c.496A > G, c.1601G > A, c.1627A
> G, c.1896T > C and toxicity was not statistically
significant, since those SNPs were also found in
the control group (27). However, several studies
highlighted the importance of other DPYD vari-
ants, including DPYD*9A, *3, and *4. DPYD*9A
(rs1801265, ¢.85T > C) results in a Cys29Arg con-
version in the crystal structure of the protein. Con-
troversial results have been reported concerning
the effect of this variant (61-64), as well as differ-
ent effects in individuals of different ethnic back-
ground have been described. A study on Asian pa-
tients receiving fluorouracil-based chemotherapy,
showed an association of the variant allele with
treatment-related toxicity (65), however a reduced
DPD activity was not observed when DPD activity
was measured in blood samples (50). Indeed, stud-
ies in Caucasian patients did not find any effect of
this variant on 5-FU clearance and toxicity (61, 66,
67). The DPYD*3 variant was reported at very low
frequency (68), and has not been identified in any
of the key studies of fluoropyrimidine toxicity or
population studies (33, 48, 50, 69). The DPYD*4
(c.1601G > A, p.Ser534Asn) variant has been found
at low frequencies of < 2% in Caucasians, Asians
and African Americans (22, 48, 50). Controversial
results have been published for this variant phe-
notype, with no correlation with DPD activity (48)
or with case series where the variant was associat-
ed with severe fluorouracil-related toxicity (61, 70).
Additional polymorphisms have been described
in non-Caucasian population. Among African and
American individuals, the common variant c.557A
> G (rs115232898, p.Y186C) has been identified as
a potential risk factor for 5-FU-related toxicity (71).
DPYD*5 (rs1801159, c.1627A > G, p.lle543Val) var-
iant, located in exon 13, is reported in the Asian
population with the highest frequency rate (72).
Researches identified DPYD*5 and DPYD*9A, to-
gether with DPYD*2A as the common frequent
SNPs in the Chinese population (73, 74). Several
other variants have been frequently associated
with fluoropyrimidine toxicities, including, ¢.257C
>T, c.496A > G (p.M166V), c.680G > A, ¢.1801G > C,
€.1850C > T, ¢c.1896T > C, and ¢.2509-2510insC (21,
75-78). Falvella et al. investigated the association
between DPYD variants c.496A > G, ¢.1129-5923C >
G, ¢.1896T > C and capecitabine-related toxicity in
64 metastatic colorectal cancer patients enrolled
in phase |l trials, showing a significant association
between DPYD ¢.496A > G and high grade (> 3) ad-
verse events, including diarrhoea and neutropenia
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(79). However, no association between ¢.1129-
5923C > G and toxicity was found. Accordingly, the
multivariate analysis reported by Lee et al., failed
to show a significant association of this DPYD vari-
ant with 5-FU related toxicity, suggesting a limited
predictive value for severe toxicity to 5-FU-based
chemotherapy (80). Similarly, Zhang et al. inves-
tigated the association between 4 DPYD SNPs
(c.496A > G, c.1627A > G, c.2194G > A, ¢.*274T > Q)
and clinical outcomes of 362 Chinese gastric cancer
patients treated with fluorouracil-based adjuvant
chemotherapy. The authors found a significant
association between c.1627A > G and clinical out-
come after 5-FU-based regimens. However, no as-
sociation between the occurrence of toxicities and
the evaluated SNPs was found (81). Several stud-
ies identified novel rare DPYD variants associated
with fluoropyrimidine toxicity (75, 77, 82-85). Three
novel DPYD variants (c.2509-2510insC, c.1801G >
C, and c.680G > A), together with other known se-
quence variants, were detected in patients experi-
encing unexpected life-threatening toxicities after
treatment with 5-FU or capecitabine. The non-syn-
onymous nature of these variants result in a con-
formational changes of the enzyme affecting DPD
activity (76). Similarly, a treatment-related death
case regarding a breast cancer patient treated
with capecitabine and trastuzumab was reported
(75). Four DPYD variants after sequencing analy-
sis were identified: the above-mentioned c.496A >
G and ¢.2194G > A, ¢.257C > T, causing deficient
enzyme activity, and the c.1805C > T, leading to
threonine-methionine amino acid change asso-
ciated with reduced DPD activity (75). This report
highlighted the dangerous effect of the combina-
tion of new DPYD variants as a possible cause of
death in a patient treated with fluoropyrimidines.
Likewise, van Kuilenburg et al. showed the effect
of 2 DPYD variants (c.61C > T and *2A), located
on different alleles, as responsible of lethal toxic-
ity after the administration of 5-FU. The 2 DPYD
mutations, presented in heterozygous manner,
caused a complete deficiency of enzyme activity
(86). Recently, Ly et al. reported a case of a pa-
tient with a rare variant of unknown significance in
DPYD (rs755416212, c.704G.A, p.R235Q) who had
a life-threatening toxicity capecitabine-related. An
in silico tool (DPYD-Varifier (87)) confirmed the del-
eterious impact on the enzyme activity, and in vitro
analysis confirmed the significantly reduced DPD
activity by 88% compared to the wild-type DPD
(88). Interestingly, the effect of the DPYD p.R235Q

variant was similar to the p.R235W (37), previously
detected in a patient with DPD deficiency (62), and
CPIC's guidelines for DPYD genotype-guided dos-
ing incorporated this variant as a non-functional
allele (26). DPYD-Varifier was also used by Shrest-
ha et al. to predict the deleterious impact of DPYD
€.394A > G (p.T132A) variant, discovered in a rec-
tal cancer patient who experienced severe FU-as-
sociated toxicity during neoadjuvant therapy with
capecitabine. In vitro and ex vivo approaches have
been used to validate the deleterious function of
this new variant. Based on these results the au-
thors determined an activity score for the patient
that was used to calculate a safe adjusted dose
of FU for adjuvant therapy (83). Nevertheless, no
confirmatory studies have been reported and their
association with toxicity remains unclear.

Different approaches for DPD screening

DPD deficiency can be tested out by using different
techniques, including the phenotype test (direct or
indirect measurement of enzymatic activity) or by
genotype testing (searching for the main functional
polymorphisms of the DPYD gene). The phenotypic
approach evaluates the activity of the enzyme (89).
Several DPD activity measurement have been test-
ed, including dosage in peripheral mononuclear
blood cells (28, 90), and dosage by physiological ra-
tio dihydrouracil/uracil (UH2/U) in plasma, serum,
saliva, or urine (66, 91-94). Nevertheless, the appli-
cation of these methods in clinical practice is com-
plex, due to the special technical equipment and
expertise required (95, 96). Indeed, DPD activity in
peripheral blood mononuclear cells (PBMCs) may
be influenced by several factors, including sam-
pling and storage and cell heterogeneity (97).
Conversely, the genotyping approach is more reli-
able, fast and there are fewer factors that can in-
fluence the result. The advantages of a genotyping
test include that only a small blood sample is re-
quired for DNA extraction, and particular precau-
tions (such as storage condition) are not necessary.
The detection of DPYD genetic variants may be car-
ried out by multiple technologies, usually available
in laboratories involved in molecular analysis, such
as Sanger Sequencing, Real Time PCR, Pyrose-
quencing, High Resolution Melting PCR.

Several reports comparing the phenotyping and
genotyping approach to predict DPD deficiency,
reported conflicting results (89, 98-101). Coenen et
al. provided an overview of 8 years of DPD testing
in a single center (99), by using different methods,
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including radiochemical and non-radiochemical
assay by ultra HPLC-MS in PBMCs with uracil, and
a combined enzymatic and genetic test by Sanger
sequence analysis of 4 DPYD variants. The analysis
showed that 18% of patients with a genetic variant
had decreased enzyme activity (p < 0.001), suggest-
ing a combination of the genetic and the enzymatic
test for diagnostic use. Similarly, Pallet et al., com-
paring the phenotype and genotype in a prethera-
peutic screening of DPD deficiency, observed that
the use of UH2/U might better reflect the impact of
genetic variants on DPD activity (101). A multicenter
prospective cohort study assessed the clinical ben-
efit of pretherapeutic screening for DPD deficiency
using a multiparametric approach by the calcula-
tor 5-FUODPM Tox™ (89, 102). The pre-therapeu-
tic DPD assessment reduced the incidence of early
severe toxicities associated with 5-FU, and avoid-
ed early toxic death (100). Accordingly, Capitain et
al. showed a comparison of 4 screening methods
(genotyping, phenotyping via plasma U and plasma
UH2/U, and a multi-parametric approach) for de-
tecting 5-FU toxicity risk in 472 cancer patients. A
lower false negative rate (4.7%) resulted from the
multi-parametric methods (p <0.001), compared to
genotype (59,8%) and phenotype (36.1% and 21.3%
for U and UH2/U, respectively), resulting as the most
effective method for limiting G4-5 toxicity. Recently,
Etienne-Grimaldi et al. showed that the combined
phenotyping and genotyping approach increased
sensitivity to both grade 3-4 toxicity (16.7% for gen-
otyping versus 20.8% for the combined approach)
and grade 4 toxicity (20% for genotyping versus
66.7% for the combined approach) (100).

Pre-treatment DPYD genotyping and clinical
implementations

DPYD genotyping pre-treatment screening, and a
dose reduction in patients carrying a deleterious
variant, is a useful strategy to prevent severe and
potentially lethal fluoropyrimidine-related toxic-
ity, without diminishing the treatment efficacy.
A reduced fluoropyrimidine dose of 50% in DPY-
D*2A carriers is the necessary strategy to prevent
the risk of severe toxicity, as reported by Deenen
et al. (103). Infact, fluoropyrimidine-induced mor-
tality rate is reported as reduced from 10% to 0%
by genotype-guided dose assessment (103). In a
prospective, multicentre, safety analysis, 1.103 pa-
tients were screened for 4 different DPYD variants
(DPYD*2A, DPYD*13, c.2846A > T, c.1236G > A),
with a genotype-guided dose reduction of 25-50%
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based on DPYD genotype (50% for *2A or *13, 25%
for c.2846A > T or c.1236G > A), improving patient
safety with fluoropyrimidine treatment, and sug-
gesting its genetic test implementation in routine
clinical practice. As a result, the relative risk for
severe fluoropyrimidine-related toxicity was low-
er in the cohort with the genotype-guided dosage
compared to the historical cohort with no geno-
type-guided dosing. The authors also demonstrat-
ed a higher fluoropyrimidine-related severe toxici-
ty in those patients carrying DPYD variants, than in
wild-type patients (39% vs. 23%, p = 0.0013) (25). A
small retrospective study successfully reported the
implementation of routine pre-treatment DPYD ge-
netic testing in patients with metastatic breast can-
cer treated with capecitabine (104). Seventy-two
patients were eligible for capecitabine therapy and
were tested for 4 DPYD genetic variants (DPYD*2A,
DPYD*4, DPYD*13, c.2846A >T), based on their fre-
quency in the British population, resulting associat-
ed with severe capecitabine-related toxicities. Five
(8.4%) patients were found to carry a DPYD variant
(*2A, *4 or c.2846A > T) associated with reduced
DPD activity; of these, two received a 50% dose-re-
duction of capecitabine during their first cycle of
treatment with no complications (104). A cohort of
patients treated with fluoropyrimidine were tested
for DPYD variants (DPYD*2A, DPYD*13, c.2846A >
T, ¢.1236G > A) as part of routine practice. Two hun-
dred and seventy-three (89.6%) out of 314 patients
had a pre-treatment DPYD test result. Fourteen pa-
tients (5.1%) carried one or more DPYD gene vari-
ant and an initial dose reduction was recommend-
ed based on their genotype. None of these patients
experienced severe toxicity (grade > 3) (105).

The above-mentioned systematic meta-analyses
(24, 40, 55) led researchers to evaluate the effec-
tive role of DPYD variants and their possibility to be
screened as pre-treatment test in clinical routine.
The Royal Dutch Association for the Advancement
of Pharmacy's ‘Pharmacogenetics Working Group’
published a guideline supporting fluoropyrimi-
dine-dose reduction for 14 DPYD variants (106). This
guideline has been updated in a recent expert con-
sensus guideline, by the Clinical Pharmacogenomics
Implementation Consortium (CPIC), which reduced
the number of variants to only those with robust
supporting data (26). Accordingly, the Group of Clin-
ical Pharmacology in Oncology (GPCO)-UNICANCER
and the French Network of Pharmacogenetics (RN-
PGx) (107), the German Society for Haematology
and Medical Oncology (108), the Italian Association



Vol. 1(1), 72-85, 2021

DPYD-GENOTYPING 5-FU DOSE-REDUCTION
GUIDELINES DPYD GENOTYPE SUGGESTED

Two normal function alleles (*1/*1) 0%

One normal function allele plus one no
function allele or one decreased function
allele (*1/2A; *1/13, *1/c.2846A > T,

- 0,
(o NI\ [/ VB2 VAN VX elo Tl S\ [o] V[ (& *1/C.1236G > A) or two decreased function 25-30%
IMPLEMENTATION allele (c.2846A > T/ c.2846A > T, c.1236G >
CONSORTIUM (CPIC) A/ c.1236G > A)
Two decreased function alleles (*2A/*2A,
*13/13) or one no function allele plus one 100%
decreased function allele (*2A/c.1236G > A,
*2A/ C.2846A > T)
Two normal function alleles (*1/*1) 0%
One normal function allele plus one
GROUP OF CLINICAL decreased function allele (*1/c.1236G > A or 25-50%
PHARMACOLOGY IN *1/c.2846A > T)
ONCOLOGY (GPCO)- .
UNICANCER AND THE One normal function allele plus one no 50%

FRENCH NETWORK OF function allele (*1/*2A or *1/*13)

PHARMACOGENETICS Two decreased function allele (*1/c.1236G
(RNPGX) > A and *1/c.2846A > T) or one reduced
function allele plus one no function allele
(combination of c.1236G > A or *1/c.2846A
> T with *2A or *13, c.2846A >T)

Two no function alleles (*2A/*2A, *13/%13) 100%
Two normal function alleles (*1/*1) 0%

Strongly reduced initial doses with
drug monitoring

One normal function allele plus one
decreased function allele 25%
(*1/c.1236G > A)

Patients who developed toxicity carrying 15%
ITALIAN ASSOCIATION OF *1/c.2194G > A alleles

MEDICAL ONCOLOGY AND One normal function allele plus one no

THE ITALIAN SOCIETY OF function allele 50%
PHARMACOLOGY (AIOM-SIF (*1/%2A, *1/*13 or *1/c.2846A > T)

WORKING GROUP) .
Two decreased function alleles

(c.1236G > A)

Two no function alleles 100%
(*2A/*2A, *13/*%13, c.2846A > T)

Patients who developed toxicity carrying
two decreased function alleles (c.2194G > A)

50%

30%

Two normal function alleles (*1/*1) 0%

One normal function allele plus one

decreased function allele 25%
DUTCH PHARMACOGENETICS (*1/c.1236G > A or *1/c.2846A > T)

WORKING GROUP (DPWG) i
One normal function allele plus one no

function allele (*1/*2A or *1/*13)

Two decreased function alleles
(*2A/*2A, *13/*13)

50%

100%

Table I. DPYD-genotyping guidelines.

of Medical Oncology and the Italian Society of Phar-  (110) published national recommendations or con-
macology (AIOM-SIF working group) (109), and the  sensus papers for DPYD screening (table I). Recent-
Dutch Pharmacogenetics Working Group (DPWG) ly, the European Medicines Agency (EMA) published
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arecommendation on DPD testing for patients prior
to treatment with fluorouracil, capecitabine, tegafur
(111), highlighting the importance of DPYD screen-
ing. Interestingly, a practitioner-friendly guide for
clinicians to decide about DPYD genotyping testing
prior to starting fluoropyrimidine-based chemo-
therapy has been published (112).

CONCLUSIONS

DPD-deficiency is an important leading cause of
fluoropyrimidine-associated severe toxicity. Be-
cause of the extensive use of these anticancer
agents, and the availability of feasible genotyping
methods (i.e., SNP genotyping by Real Time), the
application of DPD variants screening has become
easily accessible for clinical laboratories. To date,
several consensuses have been published concern-
ing the clinical application of DPD screening in the
population of patients candidates to fluoropyrimi-
dine therapy, since patients carrying the deleterious
DPYD*2A, DPYD*13 and ¢.2846T > C variant alleles
display severe toxicities, which may be life-threat-
ening in homozygous subjects. Although their fre-
quencies are low, the screening for DPD variants is
clinically relevant to avoid severe toxicities or death
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