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1 | INTRODUCTION

In this review, we describe the underlying clinical
evidence for pre-treatment use of DPYD genotyping and
uracil measurements [U] prior to the systemic use of
5-fluorouracil (5-FU) capecitabine and tegafur (S-1). The
latter two are oral prodrugs that biotransform to
5-fluorouracil (5-FU).! These 5-FU-based fluoropyrimi-
dines are in this review referred to as FP.

We aim to provide a short, focused overview of the
use of DPYD genotyping and DPD phenotyping with rele-
vance to clinical practice in oncology.

FPs are the cornerstone in the chemotherapeutic
treatment of several solid tumours, including gastrointes-
tinal and breast cancer.” FPs are antimetabolites that
mimic pyrimidines and induces cytotoxic effects.” The
FPs are approved for both monotherapy and in combina-
tion with other drugs—both cytotoxics and targeted
agents.> It is estimated that approximately 600 000
patients are treated with systemic FP each year in
Europe.'

Systemic FP-associated toxicities (FP-TOX) include
nausea, diarrhoea, vomiting, mucositis, neutropenia, and
palmar-plantar erythrodysesthesia (PPE). Severe toxicity
(grades 3-5) is seen in 20-30% of treated patients. FP-
TOX can be fatal.*>

The dihydropyrimidine dehydrogenase (DPD)
enzyme is the primary enzyme responsible for eliminat-
ing 5-FU.**” The DPD enzyme is encoded by the
DPYD gene.8 Since the 1980s, it has been known that
patients with reduced uracil metabolism might be at
increased risk of severe toxicity when exposed to stan-
dard doses of FP.” Several methods have been devel-
oped to assess the FP-TOX risk in patients before
systemic FP therapy. Ideally, this assessment should
reduce the risk of severe FP-TOX through pre-treatment
dose reduction.'’

In the spring of 2020, the European Medicines
Agency (EMA) recommended preemptive testing for
DPD deficiency in patients with an indication for
treatment with systemic 5-FU, capecitabine or tegafur.

Conclusions: The evidence supporting either DPYD genotyping or DPD
phenotyping as pre-treatment tests to reduce 5-FU toxicity is poor. Further

evidence is still needed to fully understand and guide clinicians to dose by

acute, cancer chemotherapy, gene expression/regulation, pharmacokinetics, safety
evaluation, SNPs, toxicity

It was stated that patients with partial DPD deficiency
should receive a lower dose of FP, and patients
with complete DPD deficiency should avoid FP
completely." The United States Food and Drug Admin-
istration (FDA) has not issued recommendations along
the lines of routine pre-treatment testing for DPD
deficiency.

EMA recommends that DPD testing is carried out by
measuring the levels of uracil [U] (phenotype test) or
DPYD genotyping. Both the DPYD genotype and pheno-
type tests have strengths and weaknesses.'' Other more
advanced methods exist, such as measuring the DPD
activity in peripheral mononuclear cells. Despite being
considered a more accurate method to determine the
DPD enzyme activity, this method is too complex to
implement in routine practice."’

Several single nucleotide polymorphisms (SNPs) in
the DPYD gene have been demonstrated to cause a clini-
cally relevant decrease in the DPD enzyme activity.'*"* A
DPYD genotype test is cheap and reliable, and the results
do not change over time.'>'* Still, the test only examines
the gene for a limited number of known variants and
cannot identify rare variants that may hamper the DPD
activity.

Measurement of the endogenous metabolite, uracil
[U], which is metabolized by DPD, is the most
frequently used phenotypic approach. The level may
vary depending on preanalytical conditions because
[U] concentration is affected by food intake and the
circadian rhythm. Furthermore, the [U] concentration is
unstable after sampling, and blood must be centrifuged
immediately after drawing the sample."”'” The
[U] concentration is also affected by kidney function
with higher values observed in patients with end stage
renal desease.'”® A recent study reported significant
between-centre differences in the [U], underlining that
measurement of uracil is sensitive to preanalytical
conditions."

We performed a systematic literature search on the
use of DPYD genotyping and DPD phenotyping, focusing
on the risk of FP-TOX in cancer patients.
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2 | METHODS

We performed two literature searches (genotype and
phenotype) following the Preferred Reporting Items for
Systematic Reviews and META-analyses (PRISMA)
guideline.”® PubMed (Medline) and EMBASE (Exerpta
Medica, Elsevier; Ovid) were used for both searches. The
search was carried out by a consultant and professor in
clinical pharmacology [PD] and a junior researcher
(medical doctor) [NHP].

The first author [NHP], [PSE] and a clinical phar-
macologist [MRH], all medical doctors, screened the
articles by title and abstract. All conflicts were solved
by consensus involving [PD]. For detailed information
regarding the search terms used, see Appendix A and
Figure 1.

pT

DPYD genotype

21 |

The literature search was performed on 10 June 2021.
The inclusion criteria were as follows: human clinical
trials; study participants n > 100; measurement of the
participants’ DPYD genotype; treatment with systemic
5-FU, Capecitabin or Tegafur (teysuno); data regarding
adverse reactions after treatment; and cancer treatment.

2.2 | DPD phenotype

The search was performed on 10 June 2021. The inclu-
sion criteria were as follows: human clinical trials; study
participants n > 100, measurement of the participants’
DPD phenotype in plasma (uracil and/or dihydrouracil);
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] FIGURE 2 Phenotype (uracil +
dihydrouracil). Page et al.*
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treatment with systemic 5-FU; Capecitabine or Tegafur
(teysuno); data regarding adverse reactions after treat-
ment; and cancer treatment.

3 | RESULTS
Figures 1 and 2 show the flow charts for the two indepen-
dent searches.

3.1 | DPYD genotype

The total number of potentially relevant records was
1057. The automatic duplication tool in Covidence®
(Covidence systematic review software, Veritas Health
Innovation, = Melbourne,  Australia, https://www.
convidence.org) removed 387 duplicate records. After
screening the abstracts, we excluded another 554 records

because they did not hold relevant or original data. After
screening 122 full-text records, we found that 69 met the
inclusion criteria.

The 69 included studies varied widely in design and
the specific DPYD variants examined. A larger part of the
studies did not examine DPYD variants corresponding to
a clinically relevant decrease in DPD activity. Further-
more, some studies examined only the rare variant
1$3918290 (DPYD*2A).

Consequently, we decided to adjust the inclusion cri-
teria and only include studies that examined the four
most used variants corresponding to a clinically relevant
decrease in DPD activity.'*'* Table 1 shows these DPYD
variants. Abstracts-only records were also excluded at
this stage. (For data regarding the excluded records, see
Appendix A, Table Al.)

After applying the adjusted inclusion criteria, the num-
ber of included studies was reduced to 14. As two selected
studies used data from the same cohort,?"** we decided to


https://www.convidence.org
https://www.convidence.org
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Dose recommendation

50% dose reduction of 5-FU
based treatment®

A gradual dose escalation is
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TABLE 1 Overview of clinically relevant DPYD variants
rs number DPYD variant Nucleotide change
1s3918290 DPYD *2A ¢.1905 + 1G > A/IVS14+1G > A
1567376798 D949V C.2846A > T
rs55886062 DPYD*13 c1679T> G
1s56038477 or rs75018182 “HapB3” c.1236G > A

¢.1129-5923C > G

recommended in patients tolerating
the 50% dose well.

c.483 + 18G > A

“Patients heterozygous for one of the listed DPYD-variants. [Correction added on 26 September 2022, after first online publication: Minor formatting/

typographical changes have been made to Table 1.]

include only the original paper that focused on DPYD gen-
otyping.*' Another pair of studies by Meulendijks et al.'
and Amstutz>* used data from the same clinical study
(NCTO00838370). Thus, we decided to include only the
paper with the most data regarding DPYD genotyping.**

The 12 included studies reported data on 10 696 geno-
typed cancer patients treated with FP. None of the studies
examined the effect of DPYD genotyping in a randomized
controlled setting; in fact, no randomized controlled trial
of this intervention has been published.

Table 2 shows the included studies with the number
of DPYD variants found in each study. The design varied
across the included studies. Nine retrospective studies
examined pre-treatment DPYD genotyping. Three of
these'>**** examined dosing strategies based on guide-
lines that have since been outdated and are no longer in
use. For detailed data on the included DPYD genotype
studies, see Table 3.

3.2 | DPD phenotype

The total number of potentially relevant records was
1671. The automatic duplication tool in Covidence®
removed 284 duplicate records. After screening the
abstracts, we excluded 1315 records because they did not
meet the inclusion criteria. After screening 71 full-text
records, we found eight records that met the criteria.

We identified one relevant study through a cross-
reference search (25). Two of the selected studies by Meu-
lendijks et al."® and Meulendijks et al.>® used data from
the same clinical study (NCT00838370). Meulendijks
et al."® focused on pre-treatment [U], whereas the other
study included only the [U] as a secondary parameter.
Therefore, we chose to exclude the second study.*

While writing this manuscript, a large clinical study
was published'® describing the uracil concentrations in
patients enrolled in the study by Henricks et al.'> We
decided to include this study in this review.

Table 2 shows the nine studies on DPD phenotyping
included in this review. In total, 4155 patients were tested

with [U] and/or dihydrouracil [UH2] in the included
studies.

3.3 | Dihydrouracil (UH2)/uracil
(U) ratio or uracil concentration

The DPD enzyme converts uracil [U] to dihydrouracil
[UH2]. Therefore, the uracil concentration reflects the
DPD enzyme activity, with high values indicating low
DPD activity. Some of the included studies also or exclu-
sively used the ratio between [U] and [UH2] to measure
DPD activity. A low [UH2]/[U] ratio or a high [U]/[UH2]
ratio would indicate low DPD activity.

Currently, EMA' only lists and gives threshold values
for [U] as a recommended phenotyping method. The
EMA states that [U] values of >16 ng/ml are indicative of
partial DPD deficiency and >150 ng/ml of complete DPD
deficiency, respectively.

The study by Ciccolini et al.*® was the only one focus-
ing on the [U]/[UH2] ratio, whereas two other studies'®"’
focused only on [U] measurements. The last six studies
reported data on the [UH2]/[U] ratio including'>*"** that
also examined [U]. For further details regarding the design
and results of the included phenotype studies, see Table 4.

4 | DISCUSSION

Below, we discuss the most important papers substantiat-
ing the evidence for DPD testing in an everyday clinical
setting.

41 | Genotype

4.1.1 | Studies with no pre-treatment dose
reduction based on DPYD genotype

Most of the included papers included toxicity analysis in
patients with DPYD variants receiving regular doses of
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FP. In total, 12 studies of 8328 patients met our inclusion

< =
o 5 & . ~ § criteria. Of the tested patients, 561 had one of the four
=] - on o .
ag s 8§ § ) g S 3 £ clinically relevant DPYD variants.
CSEESREBDTEEE o & Patients carrying DPYD variants are at a higher risk
B, = g\ = g' S -—°1 5 .E o = o S I'y g g
:E :* g g g E *E b 5 § ;—;‘ § g of grade >3 FP-TOX when treated with a standard FP
= 5‘ g g E g S § L:“; dose than wild-type patients (Table 3). Not all studies
w reported detailed data regarding toxicity in patients
P 8 g p
= .
o — 2, treated with FP. Furthermore, the prevalence of severe
N e Q = 2 S S p
.‘é 8 N _§ E‘ 2 =8 § = S E & toxicity (grade >3 toxicity) varied substantially between
58 g B2 g6 ,afg 5 = S98 S¥3 E the studies ranging from 10% to 49% in wild-type
2R E ER: '% Tg S % g S = § SEEE I patients. In patients with DPYD variants, the grade >3
'S = S . . . . .
% 8 g g3 -E 8 pc3Ql=alAallls toxicity prevalence varied from 14% to 89%. This wide
—_ et Q Q . . .
EREFERS < £ range of results indicates that the studies are heteroge-
Al g neous concerning population and treatment regimens.
2 £ g 8 g = Therefore, performing a pooled analysis of data is not
EqEEEE 2 5 levant
= QQ = =) relevant.
] b= =
}’,g o §'§ £28 o % & In several studies, the exact prevalence of overall
5 a8 3 o3 i< = S rade >3 toxicity was not reported but only data on spe-
= 5 o @ g 5 = = g y p y p
EmS888¢8 2 % cific adverse events like thrombocytopenia or febrile neu-
5 tropenia. Some studies reported no actual number of
>
gl E g § 5 . E patients with toxicity; others reported only odds ratios or
928 PFZ2Ew o 3 risk ratios for selected adverse reactions.
EQE Az 82 5
VE g E2 E &S8R i‘a Shakeel et al.*® retrospectively examined patients
o <] o . . .
g 2 % = S <>r: Llfl’ E‘é 5 = treated with FP drugs, and genetic data were available.
§2 8 37 - 2 Clinical data regarding toxicity were scored retrospec-
ca = z 8 g y P
% tively by use of electronic health records. The authors
S found that the incidence of grade >3 toxicity was 37% in
=8 w g &
g e g g DPYD variant carriers (n = 39) compared to 18% in wild-
Teg§ 2 5
§ a a'g = = type patients (n = 543) (OR: 2.6, 1.2-5.9).
S S2 ¢ 5 g Meulendijks et al.*® examined the FP-TOX rate in
S 2 & E S & & 1592 patients retrospectively genotyped for DPYD vari-
2 6 o 3 p % y 8 yp
eS8 = &b ants. Patients with the DPYD*2A genotype were excluded
k= g p
K beforehand (n = 18). The frequency of grade >3 toxici
o g q yorg
5 a 5 2z in patients with DPYD variants was 14% (n = 79) com-
=] 3}
5 g g g 8 8 pared to 10% in the overall population.
8Q g i
3
=]
= &
£ g8 = - 4.1.2 | Studies using pre-treatment dose
884 3 E reductions based on DPYD genotype
=9 g 2~ = 5
o © © E: e 9 g
=i g 2 3 . . . . .
%2 '02 Sz "g E Three studies that met our inclusion criteria examined
Sl |~ .
As 8 ho z & the effect of pre-treatment DPYD genotyping and a rele-
g p genotyping
E vant dose reduction of FP. One of the studies examined
g o s patients treated as part of chemoradiation therapy (CRT),
2 = g and the two remaining studies examined the use of sys-
Q 3 o] g Y
3 z g 2 temic FP alone.
g T £ g Lunenburg et al.>* studied patients that received FP
= a & g)b g
g : as part of CRT. Data were collected from medical
3 g
S oS @ R records of 828 patients, of which some patients received
15 = o &) p p
o § E ] § § E upfront genotyping and dose reduction, whereas others
. = wA §3 R were genotyped retrospectively. In patients with pre-
o aeES 59 2 5
2 E S 'i = g £ 8 treatment genotype data, dose reduction was performed
= <8 according to the current guidelines (25-50% dose
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reduction). The incidence of grade >3 toxicity (CTC-
AE) was compared among patients with and without
pre-treatment genotyping. Of the 771 wild-type patients
that received standard doses, 14% (105/771) were
reported to have grade >3 global toxicities. In patients
treated with a standard dose despite a DPYD variant,
the toxicity rate was 21% (8/34). Of the 22 patients that
received reduced FP doses based on their DPYD geno-
type, the toxicity rate was 22% (5/22). The authors con-
clude that DPYD variant carriers have an increased risk
of toxicity when treated with standard FP as part of
CRT. The study failed to show that DPYD variant car-
riers who received reduced doses of FP had toxicity
rates comparable to wild-type patients. Even though the
DPYD variant carriers that received reduced doses had
toxicity rates equal to those that received regular doses,
the authors advise that FP dose reduction should be
applied to DPYD variant carriers.

Henricks et al."* conducted a multi-centre study in 13
Dutch hospitals and included 1018 patients planned for
systemic 5-FU treatment. All patients were genotyped
prior to treatment, and patients heterozygous for DPYD
variants received an initial dose reduction of 25%
(rs67376798 [D949V] and  rs56038477/rs75018182
[HapB3]) or 50% (DPYD*2A and rs55886062 [DPYD*13]).
The authors concluded that pre-treatment DPYD geno-
typing was feasible and that toxicity was still more preva-
lent in patients carrying DPYD variants despite dose
reduction but was less prevalent compared to patients
from a historical control group. Overall, grade >3 toxicity
was recorded in 39% of the DPYD variant carriers
(n = 85) compared to 23% (n = 1018) among wild-type
patients. Henricks et al.'® suggested that rather than a
25% initial dose reduction, a 50% dose reduction might be
more appropriate in patients with the D949V and HapB3
DPYD variants.

A recent study by Wigle et al.>' genotyped patients
and adjusted the dose before treatment with FP. The
DPYD variant HapB3 was included after the study had
been initiated. After this variant was included, the recom-
mended dose reduction for patients carrying this specific
variant was 25-50%. For the other three clinically rele-
vant variants, a 50% reduction of the FP dose was recom-
mended. Data regarding adverse reactions were available
for 1435 genotyped patients. The incidence of overall
grade >3 (CTC-AE) toxicity was 21.1% in the wild-type
cohort (n = 1347) compared to 13% in the cohort with
DPYD variant that received pre-treatment dose reduc-
tions (n = 47). Post-hoc genotyping revealed that 41 of
the patients were carriers of the HapB3 variant. They had
all received standard starting doses. This group of HapB3
carriers had an overall frequency of grade >3 toxicity of
24%. The authors conclude that the data support future

pT

efforts to study and implement pre-treatment DPYD gen-
otyping in North America.

4.2 | Phenotype
4.2.1 | Studies with no pre-treatment dose
reduction based on phenotype

Most of the included studies investigating DPD phenotyp-
ing were retrospective studies including less than 250 par-
ticipants. For details, see Table 4.

Meulendijks et al.'® examined the toxicity in 550 can-
cer patients where blood samples had been collected
before FP treatment. Patients with the DPYD*2A geno-
type were excluded beforehand as part of another clinical
study (n = 18). All patients received standard doses of
FP. The results showed that the [U] concentration was
superior to the [UH2]/[U] ratio as a predictor of overall
grade >3 (CTC-AE), with high [U] concentrations
(>16 ng/ml) strongly associated with severe global toxic-
ity (odds ratio 5.3 [CI 1.5-18.7]).

De With et al."’ examined the pretreatment [U] of
patients enrolled in the study by Henricks et al."* and
found that the median pretreatment [U] was comparable
in patients with grade 3 > toxicity (n = 218) and without
toxicity (m =737) (10.35ng/ml vs. 10.10 ng/ml,
p = 0.73). Patients with DPYD variants (n = 82) were
excluded from the analyses because they received pre-
treatment dose reductions of FP. The authors conclude
that there is no association between pretreatment
[U] and FP-related toxicity. Furthermore, significant
between-centre differences in pretreatment [U] were
identified, underlining that the measurements of [U] are
sensitive to pre-analytical errors and may be affected by
circadian rhythm and food intake. This conclusion can
be doubted as it is not substantiated by the data due to
the exclusion of DPYD variant carriers.

4.2.2 | Studies using pre-treatment dose
reductions based on phenotype

Launay et al.** included 218 patients treated with FP
after upfront DPD phenotyping by using the [UH2]/
[U] ratio. Table 4 shows the dose recommendations used
in the study based on the [UH2]/[U] ratio. Twenty
patients received a 20% to 30% FP dose reduction. The
rate of severe toxicity between patients receiving FP stan-
dard doses and those reduced was comparable (13%
vs. 11%). The authors conclude that upfront DPD pheno-
typing based on the [UH2]/[U] ratio may reduce toxicity
significantly.



PAULSEN ET AL.

= | BCPT

Boisdron-Celle et al.** examined using a multipara-
metric approach in a non-randomized multi-centre
cohort study with two treatment arms. Patients in arm A
(n = 718) received an upfront assessment of their DPD
activity using a multiparametric approach, including
DPYD genotyping, [U] and [UH2] measurements. The
results from the genotype and phenotype were used to
calculate a dose recommendation using a commercially
available algorithm (ODPM Tox™). The specific dose rec-
ommendations and cut-off values used were not available
in the published material. Patients in arm B (n = 398)
were treated with a standard dose of FP. In total, 1116
patients were included in the study. In arm A (n = 718),
the incidence of >3 toxicity was 10.8% compared to 17.6%
in arm B (n = 398). The study was stopped prematurely
after external experts’ decision in conformity with the
protocol due to a toxicity-related death in arm B. The
authors conclude that pretreatment detection of DPD
deficiency is cost-effective and can decrease the incidence
of early severe life-threatening toxic events.

4.3 | Synthesis of the evidence

43.1 | DPYD genotype

Several studies have shown that pre-treatment DPYD
genotyping may benefit patient safety, with two studies
demonstrating DPYD variants guided dose reductions giv-
ing a comparable incidence of toxicity.'**" No random-
ized clinical trials (RCT) have tested this intervention,
and an RCT would now be considered unethical given
the evidence supporting the test. As for now, the recom-
mended starting dose reduction for patients with the four
variants is 50% for the first dose of FP. A gradual dose
escalation is recommended in patients who can tolerate
the first dose." In the clinical study by Henricks et al.,
only 13% (n = 11) of DPYD variant carriers received dose
escalations. In five of the patients that received dose esca-
lations, the higher dose was not well tolerated."?

The main four DPYD variants discussed herein have
primarily been examined in a Western European popula-
tion. The examined variants are rare in other popula-
tions, such as the Japanese; thus, the benefit of
implementing testing must be assessed specifically for
different populations. The benefit will most likely be
associated with the frequency of the variants in ques-
tion.** However, it is possible that another contingent of
variants with clinical relevance is present in non-
Caucasian populations but studies supporting this are
lacking. This difference in prevalence is a weakness of
DPYD testing, as evidence of benefit demonstrated in one
part of the world might not be valid elsewhere. When

new variants are identified, it is necessary to validate
them in clinical trials before they can be added to treat-
ment algorithms. In the future, whole DPYD gene
sequencing may be feasible on a large scale. This kind of
new data will most certainly disclose new variants, but it
will still be necessary to determine the clinical relevance
of each such new variant. The number of variants is not
infinite (outside of the discrete occurrence of genuinely
new mutations). This effectively means that the identifi-
cation of new variants with clinical significance will
eventually dry out. The benefit of DPYD genotyping is
that it is fast and reliable with a low risk of preanalytical
variations. The result is categorical and quickly opera-
tional in the daily clinic. It is a strength of this approach
that the genotype never changes. However, the genotypes
correlate poorly with phenotype and clinical outcomes
and will not detect patients with FP vulnerability caused
by gene variants not included in the test.

4.3.2 | DPD phenotype

Several clinical studies have examined the use of [U] and
[UH2] measurements. The use of [U] measurement is the
preferred DPD phenotyping approach. Although several
studies of this method have been published, prospective
trials are still lacking. In one of the most notable studies,
which included a control group, the authors did not dis-
close details on the employed treatment algorithm. This,
unfortunately, limits the potential for extrapolation to a
clinical utility.>® The evidence supporting the current
threshold values of [U] proposed by EMA is sparse. There
is a clear need for proper validation in adequately pow-
ered prospective clinical trials.

Measurements of the endogenous substances [U] and
[UH2], i.e., phenotyping, could be superior to genotyping.
Indirect measurements of the DPD enzyme activity identify
patients with rare DPYD variants but theoretically also cap-
ture other possible causes of outlying DPD activity. The
DPD phenotype approach results in a point-estimate assess-
ment of the patient’s DPD activity before treatment. Possi-
ble changes in the DPD activity over time could also be
considered during prolonged treatment with FP. However,
as highlighted by de With et al.,'” [U] is prone to preanalyti-
cal conditions that can impact [U] profoundly. They
reported that concentrations of [U] varied widely between
different laboratories, underlining the need for strict stan-
dardizations before implementation. Moreover, as the phe-
notype is based on a numerical value, it is worthless
without an adequate and robust clinical cut-off value to
assign individual patients to the relevant dosing categories.
Inherently, the confidence in such categorizing will be less
in patients closer to the defined cut-off.
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4.3.3 | Phenotype and DPYD genotype
correlation

Three studies determined DPD phenotype and the four
clinically relevant DPYD variants.'”?”*® However, the
correlation between [U] in wild-type patients and DPYD
variants carriers is still uncertain. De With et al."® found
that the median level of [U] differed between patients

pT

with DPYD variants and wild-type patients (wild type:
10.1 ng/ml, HapB3: 12.2, D949V: 14.6, DPYD*2A: 16.8,
DPYD*13: 40.1 ng/ml). In contrast, Etienne-Grimaldi
et al.”® reported that only DPYD variant D949V was asso-
ciated with elevated [U]. The study by Capitain et al.*’
did not report data regarding [U] across the different
DPYD variants. The authors claimed that combining
DPYD genotyping and DPD phenotyping is superior to
using only one test method.

TABLE 5 Pros and cons of using different DPD testing
methods 44 | Current guidelines,
DPD phenotype recommendations and clinical practice

DPYD genotype (uracil concentration)

e e Y . e Frapce was the ﬂrst country to require mandatory DPD
technique. . Continuous variable. testing for a'll patients bafck in December 2018 when The

. Simple for the cliniciansto  « Changes over time. May French National Authority for Health (The Haute Auto-
translate. deflect current DPD rité de santé) recommended testing for DPD deficiency

« Validated in larger activity better by measurement of [U].*
prospective clinical trials. » Can detect patients with EMA recommends DPD testing using either DPYD

: COI?;“;?rCiahzed assay rare DPYD variants genotyping or [U] measurements prior to treatment with
avariable. FP. EMA recommends a dose reduction of FP in patients

0 Qilly Grvsilies e 0 LEiloas EIgiE e1e with partial DPD deficiency and avoiding FP in patients
BN tursilille, S with complete DPD deficiency, respectively. However,

« Variation of clinically analytical errors . . .

: . EMA does not provide any recommendations with
relevant DPYD variants « Lack of prospective data . 1
varies across the world « Affected by kidney regards to dosing cut-off levels.

« DPD activity of patients Erneiemn The Dutch Pharmacogenetics Working Group
that is compound « The uracil concentration is (DPWG) and Clinical Pharmacogenetics Implementation
heterozygous cannot be affected by food intake and Consortium (CPIC) recommend using the DPYD variants
decided. the circadian rhythm. listed in Table 1.'*'* Both groups recommended an FP

o st e starting dose of 50% of FP in patients carrying any of the
methods specified DPYD  variants. Supplementary DPD
Comparator arm. Toxicity assessments Compare interventions
treatment as usual after first dose after all treatment series
Patients intended for ( ) -
systemic FP treatment First dosed based . Clinical dose
on BSA. L »] adjustments basedon |
/ toxicity Comparison of FP-related
\ J U L -
. toxicity, admission rate, and
Randomization. Intervention arm #1 overall survival
First dose based f Clinical dose \
(preferable —— onBSA+DPYD- | adjustments based on
double or triple genotype toxicity. Dose escalation Comparator arm vs arm #1
blinded) ] in patients tolerating 50 || +
Intervention arm #2 % dose (DPYD-variant or
. ) Comparator arm vs arm #2
\ )\ First dose based uracil values > 16 - <150
on BSA+DPD- | ] ng/ml)
phenotype [U] \ k j
—
[U]= Plasma uracil concentration. FP= 5-FU-based fluoropyrimidines. BSA= Body surface area. FP. DPD=Dihydropyrimidine
dehydrogenase.
FIGURE 3 Suggested study design to conclusively determine the efficacy and safety of DPYD-genotyping and DPD-phenotyping [U].
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phenotyping is recommended, if possible, in patients cat-
egorized as compound heterozygous. It is recommended
that FP treatment be avoided in patients that are homo-
zygous for DPYD variants due to the risk of severe and
life-threatening FP-TOX.

The European Society for Medical Oncology (ESMO)
also recommends a 50% dose reduction in patients with
DPYD variants. Regarding [U] measurements, ESMO rec-
ommends that patients with [U] above 16 ng/ml should
be treated with a 50% FP dose. If [U] is higher than
>150 ng/ml, FP is not advised.’®

National clinical guidelines vary across countries in
Europe, with some recommending both screening
methods simultaneously while others only use one of the
methods.*?”** In the United Kingdom, the National
Health Service in 2020 recommended screening for DPD
deficiency using DPYD genotyping.* In Table 5, the pros
and cons of DPYD genoyping and DPD phenotyping are
listed.

4.5 | Improving the level of evidence

As is evident from our review, the level of evidence to
support a clinically meaningful efficacy of preemptive
phenotype/genotype testing is insufficient. While ongo-
ing trials are likely to clarify some of the underlying
issues (Clinical Trials Gov: NCT04194957), the true effect
size of either or combined interventions requires a
double-blinded, randomized controlled study with prede-
fined levels of efficacy. This is a high bar, but if we are to
convince patients, physicians and other healthcare party
interests of the value of this intervention and justify the
associated allocation of resources, such is a must. We sug-
gest a design as illustrated in Figure 3.

5 | CONCLUSION

In summary, the present evidence supporting either
genotype or phenotype as a pre-treatment test to prevent
severe adverse reactions through personalized dose
adjustments of FP is inadequate at this stage. The concept
appears promising, but more work is needed to substanti-
ate the effectiveness. Current guidelines and the
regulatory recommendations by EMA are, accordingly,
inadequately supported. Prospective data have weakly
supported pre-treatment genotyping. The widely used
cut-off value for [U]-based phenotyping appears insuffi-
ciently substantiated. There is still an unmet need for
prospective evidence connecting pre-treatment testing,
dose adjustments and clinical outcomes.
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The inclusion criteria for the studies were as follows:

Human clinical trials,
Study participants n > 100

Measurement of the participant’s DPD-phenotype in plasma (uracil and/or dihydrouracil) Treatment with systemic treatment with 5-FU,
Capecitabine or Tegafur (teysuno),

Data regarding adverse events after treatment,

Cancer treatment

DPYD-genotype

For the DPYD-genotyping part of the study, the following terms were used:

(DPYD OR DPD OR [dihydropyrimidine dehydrogenase])

AND

(GENOTYPE OR GENE OR GENOTYPING)

AND

(ONCOLOGY OR CANCER)

AND

(TREATMENT OR THERAPY)

AND

(5-FU OR fluoropyrimidines OR Fluorouracil OR capecitabine OR Teysuno OR tegafur OR S-1)

The inclusion criteria for the DPYD-studies were as follows:

Human clinical trials

Study participants n > 100

Measurement of the participants’ DPYD-genotype

Treatment with systemic treatment with 5-FU, Capcitabin or Tegafur (teysuno),
Data regarding adverse events after treatment

Cancer treatment
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